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144,  168",  192,  216,  2-10,  264,  2S8 

Paul,  B.  N.,  on  the  utilization  of  peat,  14,  38 

Perforated  rudder,  77 

Pernambuco,  public  works  in,  158 

Pervenitz,  Russian  iron-cased  battery,  125 

Petroleum,  experiments  with,  ll">3 

trading  company,  a  new,  67 

B.  gas,  138 

Phosphoric  acid,  on  the  quantitative  determina- 
tion of,  by  salts  of  magnesia,  254 

Pilot  boat,  Admiralty,  211 

Plane  water  lines,  abstract  of  an  investigation  on, 
199 

Platinum,  167 

Pneumatic  despatch,  19,  68,  281 

Population  of  the  globe,  235 

Portsmouth  defences,  21 

Preparing  iron  plates,  42 

Prevention  of  decay  and  oxidation  in  ships,  275 

Private  bills,  67 

Projectiles,  long  and  short,  21 

Propeller  of  the  Royal  Oak,  44 

marine,  new,  134 

testing  of  a  steering  SLrew,  236 


Pump,  double  acting,  43 


Railways  : 

Accidents  on,  21,  22,  46,  47,  70,  93,  117,  1 41, 
165,  190,  213,  238,  260,  285 

Agreement  between  the  Great  Railway  Com- 
panies, 45 

Aldershott  Camp  and  London,  connecting,  237 

American,  260 

Australian,  46 

Barnes,  Hammersmith,  and  Kensington,  15 

Bavarian,  70 

Canadian,  250 

Carriages,  iron  railway,  21 

Chairs,  railway,  21 

Charing  Cross  and  South-Eastern,   l"> 

Danish,  165 

Distribution  of  railways,  213 

Dover,  Deal,  and  Sandwich,  IS 

Dublin  Metropolitan,  2:t 

French,  14,  7o.  98,  L41,  190,  260 

Qaslighl  in  railway  trains,  -' 

Germany,  railway  system  of.   II 

Great  Eastern,  US 

Western,  7".  260 

Greenwich  Park,  1 16 

Indian.  7o,  98,  L18,  I  11,  L60, 166,  L89,  190,     0 

Italian.  98,   I  17 

Locomotive  power  -railwaj  statistics,  277 

l. Ion  and  Brighton,  260 

I.  Mil  in,  (  li  it  ham.  and   Dover,   \S'J 

Lndgate  Hill  Viaduct,  2:1s 

M  ■  ropolitan  Railway,  i">,  1 17 

Metropolitan,  Knlghtabridge,  and  Kensington 

Junction,  i"> 
Metropolitan,  Tottenham,  and  Hampstead,  16 

Mi. llan.1.  7" 

.  16 
Railways  and  locomotives  of  the  districti  ad- 
l  .-nag  the  n-.  ars  Ivm    \\  ar  and  l'e       si 
1,  i-i 
Rolling  stock,  287 
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Russian,  93,  117,  141,  213 

South  American,  46,  93 

South  Austrian  and  Lombardo- Venetian,  45, 
141 

Spanish,  70,  189 

Stationary  engines,  railways  working  by,  247 

Telegraphs,  railway,  62 

Traffic  returns,  46 

Turkish,  45,  237 
Rankine,  W.  J.  M.  by,  abstract  of  an  investiga- 
tion on  plain  water-lines,  199 
on  the  expansive  energy  of 

heated  water,  252 
Reflections  on  the  existing  British  coinage,  171 
Resistance,  momentum  and  fluid,  172 

Reviews  and  Notices  of  New  Books  : 

Arundel,  W. — Practical  Treatise  on  the  Law  re- 
lating to  Mines  and  Mining  Co.'s,  42 

Bradley,  L. — An  Inquiry  into  the  Deposition 
of  Lead  Ore  in  the  Mineral  Veins  of  Swale- 
dale,  Yorkshire,  18 

Burnell,  G.  R.,  revised  hy. — The  Builders'  and 
Contractors'  Pocket-book  for  1863,  17 

Burns,  W.  S. — A  Course  of  Geometrical  Draw- 
ings, 209 

Campin,  F. — Practical  Mechanical  Engineering, 
89 

D'E.  de  Lautare — Short  Explanation  of  the 
Analytical  and  Universal  Nautical  Code  of 
Signals,  135 

Dircks,  H. — Contributions  towards  a  History 
of  Electro-Metallurgy,  establishing  the  Origin 
of  the  Art,  42 

Ede,  G.— The  Management  of  Steel,  &c,  89 

Molesworth,  G.  L. — Pocket-book  of  Useful 
Formula  and  Memoranda,  89 

Fairbairn,  W. — Treatise  on  Mills  and  Mill- 
work,  234 

Gregory,  O. — Mathematics  for  Practical  Men, 
18 

Graham,  A.  J.  S.— A  Manual  on  Earthwork, 
234 

Hughes,  S. — London  and  its  Gas  Companies, 
State  and  Condition  of  the  Companies  sup- 
plying Gas  to  the  Metropolis,  112 

Humher,  W. — A  Record  of  the  Progress  of 
Modern  Engineering,  89,  135,  209,  279 

Isherwood,   F.  —  Experimental   Researches   in 

Steam  Engineering,  279 
.Jervis,  W.  P. — The  Mineral  Resources  of  Cen- 
tral  Italy,    including  a  Description    of  the 
Mines  and  Marble  Quarries,  17 

Kent,  W. — Steam  in  the  Farmyard,  its  adapta- 
tion to  Agricultural  Purposes,  135 

Lock  wood — Every  Man's  Own  Lawyer,  42 

LockwoodandCo.— The  Engineer's,  Architect's, 
and  Contractor's  Pocket  Book  for  1863,  18 

M'Leod,  W.— Solution  of  Questions  in  Arith- 
metic by  First  Principles,  17 

Merrett,  H.   S. — A  Practical   Treatise  on  the 
Science  of  Land  and  Engineering  Surveying, 
&c,  279 
LNystrom,  J.  W. — Pocket   Book  of  Mechanics 
and  Engineering,  234 

Treatise  on  Parabolic  Con- 
struction of  Ships  and  other  Marine  Engi- 
neering Subjects,  234 

.Paris,  Admiral — L'Art  Naval  a  l'Exposition 
Universelle  de  Londres  de  1862,  234 

Richardson,  T. — Chemical  Technology,  27S 

Salamon,  N — The  History  of  the  Sewing 
Machine  from  the  year  1750,  42 

Smiles,  S.  —  Industrial  Biography,  —  Iron 
Workers  and  Tool  Makers,  279 

Timbs,  J. — The  Year  Book  of  Facts  in  Science 
and  Art,  66 

Ward,  J.  T. — Bookkeeping,  its  Use  and  Ne- 
cessity, 209 


and 


Reviews  and  Notices  oe  New  Books  : 
Webb,   F.    C. — Electrical    Accumulation 

Conduction,  18. 
Wilson,  I.  and  B. — The  Science  of  Shiphuilding 
considered  in  its  relation  to   the   Laws  of 
Nature,  135 
Richardson,   W.  H. — On  the  Paper  Manufac- 
tures of  Northumberland  and  Durham,  253 
Roscoe,  Prof. — On  the  Direct  Measurement  of 
the  Sun's  Chemical  Action,  180 
Rifled  Ordnance,  Code  of  Regulations,  188 
Routledge's  self-acting  boiler  feeder,  74 
Royal  Geographical  Society,  65 

Institution  of  Great  Britain,  10,  107,  153, 


179 

Navy,  engineers  of  the,  150,  175 

Scottish  Society  of  Arts,  62 

Society,  201,  228,  254 

Rubia  Munjista,  preliminary  notice  of  an  exami- 
nation of,  228 

Rudders,  perforated,  77 

Russell,  N.  S.,  on  the  construction  and  application 
of  iron  armour  for  ships  of  war,  127 

Russian  fortifications  and  ordnance,  283 

Russian  iron  cassed  battery  Pervenitz,  125 

Safety  locomotive  for  sharp  curves,  284 


Safety  valves  of  steam  hollers,  19 

Salt  water,  distillation  of,  77 

Scinde  Railway,  description  of  the  line  and  works, 

160 
Scottish  Shipbuilding  Association,  8,  58,  176,  208 
Screw  steamers,  the  manoeuvring,    construction, 

and  propulsion  of,  2 
Semaphores,  68 
Shears,  trial  of  new  iron,  68 
Shillito  and  Moor's  improvements  in  generating 

heat  and  motive  power,  277 
Ships  (Steam),  Dimensions  of: 

Alfred,  69 

Caledonia,  69,  283 

Constance,  187 

Dunderberg  (American),  20,  258 

Hector,  91 

Lord  Warden,  211,  283 

Magenta  (French),  236 

New  Royal  Yacht,  44 

Onondaga  (American),  211 

Pervenitz  (Russian),  125 

Prince  Albert,  43 

Prince  Consort,  235 

Rangoon,  213 

Royal  Oak,  44 

Royal  Sovereign,  68 
Ships  (Steam),  Launches  of  : 

Alexandra  (paddle),  237 

Alexandra  (screw),  189 

America,  21 

Australian  and  New  Zealand  mail  steamer,  69 

Electric,  21 

El  Mounassir,  237 

Great  Victoria,  165 

Laurel,  237 

Lotus,  69 

Maria  Pia,  237 

Marco  Polo,  116 

Normandy,  165 

Orontes,  20 

Ouse,  165 

Palermo,  21 

Paulet,  45 

Pervenitz  (Russian),  130 

Princess  Alexandra,  45 

Re  Dom  Luigi  di  Portogallo,  259 

Research,  213 

Rolf  Krake  (Danish),  140 

Salamis,  140 


Ships  (Steam),  Tbials  of  : 
Sea  King,  213 
Snacfell,  237 
Southerner,  93 
Star  of  the  South,  45 
Steamers  for  China,  93 
Syria,  213 
Tamar,  45 
Tyne,  165 
Valiant,  258 
Virginia,  189 
Wolverine,  237 

Ships  (Steam),  Trials  of  : 
Andalusia,  260 
Anglia,  114 
Arethusa,  286 
Aurora  (twin  screw),  212 
Black  Prince,  139 
Brighton,  140 
Caradoc,  68 
Caruatie,  116 
City  of  London,  165 
Columbia,  93 
Columbine,  20,  43,  164 
Constance,  187,  197 
Conqueror,  114 
Cossack,  163 
Curacoa,  139 
Diana  (twin  screw),  189 
Emerald,  68,  90,  139 
Esk,  163, 

Experiment  (screw  launch),  282 
Exploratore,  140 
Falcon,  258,  282 
Far  East,  284 
Flora,  166 
Gibraltar,  258 
Himalaya,  69 
Hebe,  115 
Jasseur,  115 
Kate  (twin  steamer),  92 

Kiang-Soo  (Anglo-Chinese  despatch  boat),  110 
Leander,  68,  114 
Lily,  20 

Lord  Gough,  164 
Lucy,  260 
Lyrian,  68 
Meanee,  20 
Normandy,  237 
Ocean  King,  189 
Orontes,  114,  211 
Osborne  (yacht),  189,  236 
Pandora,  114 
Pelorus,  258 
Pheasant,  188 
Prince  Consort,  235 
Princess  Alexandra,  116 
Prinz  Eugen  (Austrian)  111 
Pylades,  43 
Racoon,  90 
Recruit,  211 

Rolf  Krake  (Danish),  161 
Resolute,  260 
Roman,  116 

Royal  Oak,  90,  114,  163 
Salamander,  258 
Salamis,  212,  259 
Scylla,  235 
Sea  King,  260 
Snipe,  236 
Southerner,  165 
Sparrow,  114 
Sutlej,  20 

The  Messaggiere,  188 
Undine,  (yacht)  21 
Vigilant,  91 
Wasp,  284 

Will  o'  the  Wisp,  284 
Wo-Kee,  237 
Wye,  211 
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Ships,  the  cost  of,  115 
.Shipping,  return  of,  163 

statistics,  41 

Siemens,  C.  W.,  ou  regenerative  gas  furnaces,  as 

applied  to  iron  works,  245 
Slide  valve,  Walker's  equilibrium,  249 
Slip  dock  model,  176 
Smyth,  W.  W.,  on  coal,  10 
Society  of  Engineers,  85 
Soils  of  Kngland,   on  some  chemical  and  physical 

properties  and  the  productive  powers  of  the, 

155 
Societies,  Proceedings  of: 

Chemical  Society,  206,  229,  254 

Institution  of  Civil  Engineers,  11,  33,  62,  79, 
106,  131,  157,  205,  270 

of  Engineers  in  Scotland,  34,  82 

of  Mechanical  Engineers,  127 

London  Association  of  Foremen  Engineers,  134, 
162,  231,  255,  272 

Manchester  Literary  and  Philosophical  Society, 
63,  134 

Royal  Geographical  Society,  65 

Institution  of  Great  Britain,  10, 107,  153, 

179 

Scottish  Society  of  Arts,  62 

Society,  201,  228,  254 

Scottish  Shipbuilding  Association,  8,  58,   176, 
208 

Society  of  Engineers.  85 
Spirit  level  telescope,  253 
Stationary  engines,  working  railways  by,  217 
Statistics,  shipping,  11 
Steel,  application  of,  211 

manufacture  of,  19 

Steam  engines,  export  of,  13 

values  of,  281 

Steam,  introduction  of,  134 

strength  of  Great  Britain,  20 

fire  engines,  trial  of,  181 

ng  by  telegraph,  69 
Steam  engine  and  sugar  mill,  121 
Bteierdorf,  goods  locomotive,   19,  97,  250,  267 
Sterro-metal,  1 13 
Submarine  Telegraphy,  149 
Suez,  canal  at,  94,  142 
Sugar  mill,  M'Onie,  Bros.,  121 

and  steam  engine,  25 

Surface  condensing  matine  engines,  74 
Swell  observed  at  sea,  on,  CI 


Teeegbathic  Exgixeebes-g  : 

America,  telegraph  to,  21,  69 

Algeria  to  Spain,  260 

Australia,  communication  with,  141 

Bagdad  telegraph,  237 

Cable  for  the  Persian  Gulf,  45 

Cable  between  Sardinia  and  Sicily,  45 

Duncan's  Ratan  Cable,  116 

Electric  and  International  Telegraph  Company, 

213 
Lough  Fayle,  cable  in,  116 
Malta  and"  Alexandria  cable,  189,  237 
Mediterranean  Telegraph  Extension  Companv, 

218 
Mersey,  telegraph  across  the,  69 
Persian  Gulf,  260 
Submarine  cables,  21,  94,  148 
Sweden,  telegraph  in,  9 
Transatlantic  cable,  165,  237 
Typo-telegraph,  45 
Telegraph  to  India  Company,  21,  69 

extension  in-  South  Wales,  15 

Act,  237 

bills,  70 

feat,  21 


Telescope,  spirit  level,  253 
Temperatures,  regulator  for,   13 
Thallium,  23 

Thames  Embankment,  112 
Tin-lined  head  cisterns,  138 
Tools  at  Woolwich,  114 

Tbaction  Excises  : 

Aveling  and  Porter,  67,  235 

Bray's,  43 
Trial  of  steam  tire  engines,  43 
Trumpets,  steam,  163 
Turbines  for  domestic  use,  281 
Twin  screw  steamers,  the  construction,  <tc.,  of,  2 
Tyne,  abstract,  history,  and  development  of  the 

engineering    manufactures    of    the    Tyne    and 

neighbouring  districts,  22:t 
Wear,  and  Tees,  on  the  construction  of  iron 

ships,  and  the  progress  of  iron  shipbuilding  on 

the,  242 
Tone,  J.  P.,  on  the  railways  and  locomotives  of 

the  districts  adjoining  the  rivers  Tyne,   Wear, 

and  Tees,  222 


Tyne,  shipbuilding  on  the,  1S6,  213 
improvements  of  the  river,  243 

U. 

Useful  notes  and  formula?  for  engineers,  29,  55 

A'. 

Variations  of  the  compass,  282 

Vibrations  occasioned   by    railway  trains  passing 

through  a  tunnel,  experiments  at   Watford  on, 

204 
Vieille  Montague  Company,  143 
Ventilation  for  collieries,  263 

of  iron-cased  frigates,  44,  139 


Ventilator  for  railway  carriages,  70 

Viaducts,   on  the  reconstruction  of  the  Dinting 

and  the  Mottram,  81 
Voltaic  batteries  for  steamers,  67 

W. 

Walkers'  equilibrium  slide  valve,  2 19 

diaphragm  mud-forcing  pump,  150 

Wallasey  Water  Works,  142 

Warner,  .T.,  on  a  stereometric  tablet  for  the  com  - 

putation  of  earthwork,  82 
Warren's   impregnable    and   unsinkable  floating 

casemate  battery,  282 
Water  level,  magnetic  indicator  of,  75 
Water  jet  propelled  ships,  217 
Water  of  the  Thames,  90 
Water  supply,  Paris,  166 

-  South  Essex,  166 

for  towns,  on  the  new  red  sand- 


stone and  Permian  formations  as  sources  of,  <!  I 
Westmacott,  P.,  and  Spencer,  J.   F.,   on  the  ab- 
stract history  and  development  of  the  engineer- 
ing manufactures  of  the  Tyne  and  neighbour- 
in.:  districts,  223 
Woods  used  for  sleepers  on  the  Madras  Railwav. 

63 
Wreck  register  and  chart  for  1863,  273 
Wrought  iron  and  steel,  results  of  an  experimental 
inquiry  into  the  comparative  tensile  strength  of 
various  kinds,  84 


/.. 


Zinc  wash  for  rooms,  71 


LIST  OF  PLATES. 


227  and  22S.  Armour-plated  light  draught  coast  defence  ihip,  and 
passenger  or  troop  ship,  jointly  designed  by  Commander 
Symoncls  U.N.,  and  Mr.  Richard  Roberts,  C.K. 

23>.  Various  types  of  locomotive  engines,  illustrative  of  Mr.  J.  J. 
Birckel's  paper  "On  Locomotive  Engineering." 
lOgar  mill  and  steam  engine,  by    Meant.    Mirrlees   and    Taft, 
<  iMagow. 

-:*  1  and  2:iJ.  Illustrative  of  Mr.  J.  J.  Birckel's  paper  "  On  Locomo- 
tive Engineering." 

233.  Si.li-  elevation  andaectiona]  plan  of  goods  locomotive  "Steier- 
ilorf." 

231,   2.!.'),   and  236.    Illustrative   of   Mr.  J.  J.    Bird  ■   "On 

Locomotive  Engineering." 
237.  Mr.  J.  I'.  Bpeneer'a  patent  surface  condensing  screw  engine-,  of 
200  horse-power. 

■8  and  239.  Illustrative  of  Mr.  J.J.  Birckel'i  paper  "On  Loco- 
motive Engineering." 

2li).  Goods  locomotive  "  Steierdorf." 

2H.  Illustrative  of  Mr.  J.  J.  Birckel's  paper  "On  Locomotive 
Engineering." 


212. 
213. 
211. 

246 

217. 
2  IS. 

-.-.1 


264, 


Steam  engine  and  sugar  mill,   by    Meter*.    M'Onie,    Brotbert, 

Qlaagow. 
ninstrative  of  Mr.  J.  .1.   BirokePa  paper  "On   I.  oomotive 

Engineering." 
Armoured  corvette,  deeigned  bjf  J.  W.  Nyatrom,  C.K. 
and  246.  ninatratrve  of  Mr.  J.  J.'Birckel'i  paper  "On   Looo- 

mol  \\  i-  Engineering." 
Illu.-tiHtive  of  Mr,  J.  J.   Birckel'i  paper  "On  Locomotive 

Engineering." 
Fable  for  rinding  the  diametera  of  ahafte. 

and  260.    I  lie  water  jel     or    li\drauli<-    propeller,    '\*    applied 

tbe  ••  Serai ug  No.  -." 
1 1 -i ■•-. t h< .rn"-  proposed  method   of  workis. 

and  268.  [Uoatrative  of  Mr.  J.  J.  Bit  L 

motive  Engineering." 
266,  and  266.   Illustrative  of  Mr.  J.  J.  I('.i'-k<'.     paper  "On 
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"ARTIZAX"  ADDRESS,  1863. 

With  the  present  number  we  commence  the  first  volume  of  the  third 
H  of  the  Autiza>",  and  the  twenty-first  volume  from  the  commence- 
ment. 

During  the  past  twenty  years  we  believe  that  the  Artizax  has  proved 
more  thoroughly  useful,  because  of  a  more  practical  and  utilitarian 
character,  than  any  of  its  contemporaries;  and  no  scientific  journal  has 
more  faithfully  performed  the  task  originally  undertaken,  or  from  time 
to  time  imposed,  and  we  have  but  to  invite  the  perusal  of  the  published 
numbers  of  the  Aktizv>'  to  justify  most  fully  our  assertion. 

On  previous  occasions  we  have,  at  the  advent  of  the  new  year,  given  in 
our  annual  address  a  brief  summary  of  the  more  important  events  which  have 
occured  during  the  previous  twelve  months  ;  upon  the  present  occasion  we 
think  it  only  necessary  to  refer  our  readers  to  the  pages  of  the  AllTIZAN  itself 
for  the  best  epitome  of  all  that  is  material  or  useful  which  has  occurred  during 
the  year  just  closed,  and  this  we  are  enabled  to  do  from  the  improvements 
which  have  recently  been  effected  in  the  body  of  the  work,  by  which  greater 
space  has  been  obtained  for  a  monthly  summary  of  events,  and  an  increase 
in  the  number  of  scientific  papers  and  reports,  which  we  have  thus  been 
enabled  to  admit ;  we  have  also  the  gratification  of  being  able  to  direct 
attention  to  the  increased  number  of  illustrations  which  we  have  given 
of  highly-interesting  subjects  during  the  past  year. 

The  publication  of  a  series  of  supplements,  illustrating  the  most  novel 
and  interesting  of  the  objects  exhibited  at  the  International  Exhibition, 
has  enabled  us  to  describe  and  illustrate  very  many  subjects,  without 
encroaching  upon  the  space  of  our  regular  issue. 

The  International  Exhibition  of  W>2,  has  been  the  great  event  of  the 
year,  and  doubtless  would  have  been  a  much  greater  success,  in  every 
respect,  but  f> >r  the  much  lamented  death  of  his  Koyal  Highness  the  Prince 
Consort,  the  deplorable  internecine  war  raging  in  America,  and  the  great 
distress  which  has  been  produced  amongst  the  operatives  of  the  great 
cotton  spinning  district  of  this  country,  from  the  want  of  the  raw  material 
— cotton. 

Of  the  various  Scientific  Societies  whose  proceedings  we  usually  report, 
the  Institution  of  Civil  Engineers,  during  the  last  session,  pioduced 
papers  of  only  average  qnality,  if  very  great  importance  having 

been  brought  before  the  institution.  The  Institution  of  Mechanical 
Engineers  (Birmingham),  the  Institution  of  Engineers  in  Scotland,  and 
the  Scottish  Shipbuilders'  Association,  have  each  had  numerous  papers, 
highly  interesting  and  valuable  contributions  to  practical  science.  Indeed, 
it  lias  become  a  subject  of  ordinary  conversation  that  there  is  a  total  want 
of  that  robust  vitality  in  the  London  Institution  of  Civil  Engineers  which 
is  found  in  the  more  northern  Scientific  Societies. 

Another  attempt  is  about  to  be  made,  by  the  Atlantic  Telegraph  Com- 
pany, to  connect  Europe  with  North  America,  by  a  submarin  •  telegraph 
cable,  and  it  is  to  be  hoped  they  .vill  be  more  successful  than  on  the 
previous  occasion.  The  Indian  Council  have  decided  upon  undertaking  at  a 
it  is  said,  of  (3300,000,  the  construction,  and  laying  of  a  submarine 
cable  across  the  Persian  •  tulf. 

Beyond  the  international  Exhibition,  with  its  magniftcenf  display  of 
machinery-  British  and  foreign,  there  is  but  little  which  calls  for  special 
mention  here,  as  having  occurred  in  connection  with  the  various  subjects  of 
which  our  Journal   treats.     During  the  past  year  we  lis  vend 

engineers  and  men  of  Bcience,  whose  deaths  bave  been  rec  irded  in  our  p 

The   various  trials  of  the    novel   ordnance   and    prOJC  I    the 

various  contrivances  for  armour  plating,  or  defensive  coating  for  war-ships, 

have  been  noted.     All  thai  is  novel  in  com tiou  with  the  Improvements 

in  marine  engines,  and  machinery  for  the  war  and  mercantile  marine, 
the  various  improvements  in   naval  constructions  and  in  steamship  per* 

formance,  have  1 n  given  as  fully  as  heretofore.     The  locomotive  engine 

and   railway  machinery,  and    the   various  other   improvements  conn 
vith  the  construction  and  working  of  railways,  have  receh  ed  due  at  tention  : 
and  generally  the  progress  of  niecbanieal  science  has  been  carefullj  recorded 
in  our  pages,  and  every   branch  of  manufacturing  and  other  Industries 

Bave   received  their   share   of  attention  ;     in    short    Tin:     Amizw    will  be 

■and  to  be  a  complete  record  of  nil  that  is  valuable  iii  connection  with 
be  useful  arts  and  sciences. 


It  has  been  our  constant  aim  to  guard  against  the  mistake  commonly 
committed  in  class  publications  of  advertising,  under  the  cloak  of  a 
scientific  notice,  mere  schemes,  however  worthless,  aud  of  bestowing 
praise  and  claiming  merit  for  inventions  indiscriminately,  simply  because 
they  have  been  patented,  or  are  illustrated  pictorially.  It  is  this  practice, 
which,  having  been  pursued  by  some  of  the  class  journals  of  this 
country,  has  lowered  the  estimation  in  which  they  were  formerly  held 
amongst  scientific  men,  to  the  level  of  a  mere  advertising  sheet.  Our 
endeavonr  has  been  to  exclude  everything  which  will  not  bear  the  test 
of  practical  experience  derived  from  past  practice,  and  in  making  selections 
of  subjects  for  illustration  and  for  papers  in  our  monthly  issue,  we  have 
sought  to  give  only  such  as  would  increase  the  stock  of  practical  know- 
ledge, and  advance  it  a  step  further  in  the  right  direction— in  this  we 
have  been  aided  by  numerous  friends  and  old  contributors  to  the  pages  of 
The  Artizax,  and  for  which  aid  we  are  exceedingly  grateful. 

Notwithstanding  the  large  number  of  copper-plate  engravings  and 
other  illustrations  which  we  have  given  during  the  past  year,  there  are 
still  several  subjects  which  remain  uncompleted  for  want  of  accurate 
details,  or  for  some  other  equally  good  reason — but  these  will  be  published 
with  all  possible  speed. 

The  practice  which  we  introduced  some  time  ago  of  using  both 
sides  of  the  folding  and  other  sheets  for  illustrations,  and  which 
we  have  hitherto  confined  to  outline  sketches,  composite  plates, 
and  transfers  from  wood  and  stone,  we  purpose  in  future  to  extend  to  the 
regular  Abtizan  copper-plate  engravings,  by  which  means  we  hope  to 
so  increase  the  number  of  plates,  as  to  still  further  enhance  the  value  of 
The  Aktizan. 

We  have  also  made  arrangements  by  which  further  improvements  will, 
from  time  to  time,  be  introduced  in  the  body  of  the  work  during  the 
current  year,  whereby  additional  value  will  he  given  to  Tin:  Aim/ an  as 
a  standard  work  of  reference. 

We  have  also  arranged  that  in  future  our  country  and  foreign  sub- 
scribers and  others,  connected  with  engineering,  and  other  branches  of 
mechanics  and  manufacturing  operations,  who  may  have  occasion  t  >  visit 
London,  shall  have  at  the  Publishing  Office  every  facility  afforded  them, 
without  expense,  for  obtaining  whatever  information,  advice,  or  assistance 
they     may    stand    in    need.    This     has    been    strongly    ui  US 

by  numerous   subscribers  and    friends  during   their  visit   to   the   Interna- 
tional  Exhibition,  and  we  readily  adopt    the   suggestion,  and    invite  • 
who  wish  to  avail  themselves  of  these  facilities  to  do  so  whenever  and 
often  as  they  please j  and,  having  correspondents  in  everj  important  citj 
throughout  Europe  and  America,  in  addition  to  our   poasessiug  s 
extensive  acquaintance  amougst  manufacturers  and  others,   wi 
that  the  suggestion  which  has  been  made  to  us,  and  which  we  are  i 

ired  to  a.t  upon,   will  prove  of  considerable  service  to  our  country 
and  foreign  friends. 

When  we  look  hack  to  the  time  of  the  first  IstUe  Of  THS  Akii/v\.  and  I 

to  the  early  volumes,  when  a  portion  of  each  number  was  devoted  to  the  re- 
ports of  the  meet  in.'-  of  the  "  Artizan  Club,"  and  we  cannol  bul  obsen 
vigourously-healthy  tone  which  then  pervaded  the  work,  and  the 
smack  of  sound  practical  knowledge  and  sterling  common  lense  which 
cropped  out  everywhere,  and  showed  The  Abtizam  to  be  then  in  adi 
of  the  period  and  Its  contemporaries.    The  original  and  peculiar 
adopt,., i  by  the  projectors  of  Tin:  Abtizam  Journal  for  conveyii 

deal  of  very  valuable  practical  stuff  to  th whom  the)  n 

told   upon   the  success  of  the  Journal,  which  became  well  established 
era  and  pracl  lanics,  both  north  and  south  of  the 

I,  and  from  then  HO  known,  and  its  sphere  of  u-cliilnc.  WSJ 

[i  I  throughout  I  and  the  tide  of  its  popularity 

■ntinued  to  Mow  onward,  \  ear  b>  year,  until  we  are  able  to  saj   with 

what   be  believe  cannol   b<    laid  of  any  other  monthly  scientific 

is   read    and    studied    in    every  pari    of  (he   world    w  hci  • 

English  skill  or  enterprise  !  ,t.  i. 

we  look  forwai  I  the  rapport  which  dm    Abti 

i.  and  we  believe  deservedly,  during  the  bul  twenty  yean,  and 
perhaps  m  ly  during  the  lail  its  ot  nven  years  j  and  we  shall 

be  pie.-  Irimds  as  heretofore  any  suggestion  with 

which  they  mi;   fivour  us  for  the  improvement  of  tlio  .lourn.il. 
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THE    CONSTRUCTION,    MANOEUVRING,    AND    PROPULSION 
OP    SCREW    STEAMERS. 

{Illustrated  by  Plates  227  and  228.) 

We  published  in  our  last  issue,  under  the  head  of  "Notes  and  Novelties," 
an  account  of  the  trial  trip  of  the  double  screw  steamer  Flora  ;  and,  as 
the  subject  of  the  application  of  double  screw  propellers  was  very  ably 
treated  upon  by  Commander  T.  E.  Symonds,  R.N.,  in  a  paper  read  by  him 
some  few  months  ago,  at  a  meeting  of  the  United  Service  Institution,  we 
give  herewith  two  plates  illustrative  of  some  of  the  most  important  points 
in  Captain  Symonds's  paper. 

Plate  227  illustrates  a  series  of  views  from  a  model  of  an  armour  plated 
light-draught  coast  defence  ship  of  about  2300  tons ;  length,  240ft. 
breadth,  45ft. ;  draught,  15ft. ;  mounting  1-1  guns,  8ft.  6iu.  above  the 
water ;  jointly  designed  by  Commander  Symonds  and  Mr.  R.  Roberts, 
C.E.,  to  meet  conditions  suggested  by  Rear  Admiral  George  Elliot,  and 
submitted  by  him  last  year  to  the  Admiralty  and  War  Office. 

Pig.  1  is  a  general  exterior  view  showing  a  proposed  method  of  protect- 
ing the  guns  by  inclined  armour-plated  sides,  rounded  from  the  deck 
upwards,  terminating  in  a  rounded  platform  or  deck  ,•  the  top  sides  for- 
ward and  aft  being  fitted  to  lower  when  bow  or  stern  guns  are  used. 

Pig.  2.  Deck  plan,  showing  a  method  of  giving  ventilation  and  light, 
and  relieving  the  gun-deck  from  smoke  by  a  strong  iron  grating,  R,  in 
which  are  hatchways  for  giving  access  to  the  deck,  for  boarding  or  repelling 
boarders.  R  R  are  other  hatchways,  similarly  fitted  for  ventilation  and 
access  to  other  parts  of  the  ship. 

Pig.  3.  Longitudinal  section,  showing  internal  arrangements.  T.  Bread 
and  dry  provision  room.  Bf.  Engine  room.  E.  Athwart  ship  coal  bunkers. 
N.  High-pressure  cylindrical  boiler,  with  method  of  fitting  the  uptake  to 
funnel,  and  the  cellular  casing  round  the  funnel  to  give  ventilation  in  the 
boiler  room,  the  same  arrangement  being  provided  round  the  masts  to 
ventilate  between  decks.  The  funnel  is  telescopic  ,•  when  run  down 
projects  only  three  feet  above  the  deck  in  action,  the  draught  being 
given  by  the  apparatus  referred  to  above.  U.  The  magazine.  V, 
Chain  locker.  W.  Windlass.  X.  Form  of  stem  for  receiving  the  prow  of 
ram,  and  method  of  strengthening  the  bows  to  resist  the  shock,  being  a 
series  of  short  decks  or  breast  hooks. 

Pig.  4.  Floor  plan,  showing  arrangement  of  longitudinal  bulkheads, 
forming  cellular  girders,  with  the  side  applied  as  coal  bunkers,  water 
tanks,  and  other  purposes. 

Pig.  5.  Stern  view,  showing  propellers,  and  three  stern  chase  guns,  with 
gunwale  lowered  on  starboard  side. 

Fig.  6.  Section  in  engine  room,  showing  proposed  arrangement  of 
engines,  K  ;  coal  bunker,  E ;  with  cellular  bottom  and  keels,  C,  D. 

This  vessel  is  intended  for  the  defence  of  harbours,  or  to  cross  the 
Channel  if  required,  being  quite  capable  of  taking  the  sea,  and  may  be 
rigged  either  as  a  schooner  or  polacca.  She  is  fitted  to  act  as  a  ram,  and, 
from  her  great  longitudinal  strength,  imparted  by  the  cellular  mode  of 
construction  adopted,  should,  we  conceive,  be  specially  adapted  for  that 
purpose,  as  also  from  the  fact  of  the  two  screws  giving  her  the  power  of 
turning  in  her  own  length,  and,  being  steered  by  them,  going  ahead  or 
astern  without  assistance  from  the  rudders ;  in  fact,  under  steam  the 
rudders  are  unnecessary. 

It  will  be  seen  on  reference  to  Plate  227,  that  it  is  proposed  to  use  a 
form  of  high  pressure  boiler  and  method  of  connecting  with  the  uptake, 
well  calculated  to  overcome  the  very  serious  drawbacks  attendant  upon 
the  existing  boiler  arrangements  of  our  war  steamers  and  gunboats,  more 
specially, — some  ofwhich  have  two  sets  of  .low-pressure  boilers,  one  reaching 
nearly  to  thedeck  for  ordinary  purposes,  styled  "  working  boilers,"  which, 
being  exposed  to  shot,  cannot  and  are  not  intended  to  be  used  in  action.  The 
other  set,  placed  lower,  but  occupying  greate  rfore  and  aft  space,  are  called 
"  fighting  boilers." 

The  arrangement  for  the  "  uptake  "  of  the  furnaces  allows  one  boiler  to 
be  cut  off  without  interruption  to  the  remainder  ;  the  cellular  casing 
around  the  funnel  will  ventilate  and  lower  the  temperature  of  the  boiler- 
room  besides  giving  additional  support  and  protection  to  the  funnel  ; 
and  instead  of  the  stokers  being  between  two  long  rows  of  furnaces,  they 
stoke  from  opposite  sides,  which  must  necessarily  improve  their  condition. 

The  coal  bunkers,  E,  on  either  side  the  boiler  and  engine-rooms,  and 
athwart  ships  will  add  to  the  security  of  both,  defending  them  from  any 
shot  that  may  either  penetrate  the  armour  plating  or  strike  below  it. 

The  plan  of  fitting  the  coal  bunkers  forms  an  important  feature  in  the 
cellular  system,  and  adds  materially  to  the  longitudinal  strength,  so  spe- 
cially requisite  in  light-draught  ships,  in  which  "  the  beam"  is  of  decreased 
depth. 
'  The  coal  bunkers  in  large  ships  may  be  filled  expeditiously  by  means  of 


small  carriages  running  on  a  tramway,  the  cells  being  made  to  com- 
municate with  one  another,  so  that  the  coals  can  be  readily  removed  if 
required. 

H'ln  this  cellular  arrangement  much  coal  trimming  will  be  dispensed 
with,  as  coal  may  be  taken  from  any  required  cell  of  the  bunker  without 
the  remainder  shifting. 

It  is  proposed  to  arm  this  vessel  with  14  guns,  two  of  which  are  to  be 
of  very  heavy  calibre,  one  forward  and  the  other  aft,  being  bow  and  stern 
chasers,  firing  in  a  line  with  the  keel  side  guns,  by  shifting  them,  there 
being  spare  ports  for  the  purpose.  Thus,  three  guns  can  be  brought  into 
action,  whether  chasing  or  retiring,  and  six  on  each  broadside. 

This  plan  of  defending  the  guns,  in  addition  to  the  advantage  of  having 
a  battery  of  three  guns  forward  and  aft,  will  reduce  the  weight  of  hull 
and  armour-plates. 

Plate  228  illustrates  the  model  of  a  larger  passenger  or  troop-ship,  con- 
structed upon  the  proposed  plan  of  Mr.  Roberts  and  Captain  Symonds. 
Fig.  1 .  Being  a  plan  taken  through  the  engine-room. 
Fig.  2.  Deck  plan,  with  arrangement  of  cabins,  stalls,  and  saloons. 
Fig.  3.  Is  a  longitudinal  section  showing  the  arrangement  of  cellular 
girders  formed  by  cabins,  stalls,  keels,  &c. 

Pig.  4.  Stern  view,  showing  non-fouling  propellers  and  rudders. 
Pig.  5.  Transverse  section  showing  stalls. 
Fig.  6.  A  midship  section. 

In  these  several  views  A  is  the  cellular  girder,  formed  of  cabins,  stalls, 
keels,  &c. ;  B,  midship  girder,  formed  of  saloons  or  stalls ;  C,  cellular  bottom  ; 
D,  cellular  girder  keels ;  E,  cellular  arrangement  of  coal  bunkers,  &c, 
extending  fore  and  aft ;  F,  non-fouling  screw  propeller ;  G,  the  trunk  to 
which  the  propeller  is  fitted  ;  H,  rudders,  or  steering-blades  ;  K,  engine- 
room  ;  L,  screw  shafts ;  N,  boilers  and  boiler-room ;  U,  funnel  with  casing  ; 
T,  fore-hold;  U,  after -hold;  V,  hospital;  W,  officers'  mess-room. 

As  regards  the  cellular  girder  system,  Mr.  Roberts  appears  to  have  been 
the  first  to  recognise  the  necessity  for  giving  greater  longitudinal 
strength  to  iron  ships ;  and,  in  promulgating  the  principle  of  his  patent,  he 
has  also  compared  a  ship  to  a  beam,  and  that,  as  a  beam,  it  was  desirable 
to  increase  the  sectional  area  of  the  iron  in  the  upper  part  of  the  hull,  and 
thus  secure  the  utmost  strength  due  to  whole  depth  of  the  ship's  side 
from  gunwale  to  bilge ;  this  cellular  girder  system  being  so  arranged  as 
to  enable  the  greatest  amount  of  strength  to  be  obtained  at  the  top  and 
bottom  without  a  corresponding  increase  of  weight,  and  without  inter- 
fering with  existing  arrangements. 

Another  peculiar  feature  in  connection  with  Mr.  Roberts'  plan,  is  the- 
employment  of  two  cellular  keels  in  addition  to  the  cellular  bottom  (which 
latter,  according  to  the  last  patent  of  Mr.  Roberts',  is  continued  the  whole 
lengthof  the  ship).  The  cellular  keels,  which  extend  nearly  the  whole  length  of 
floor,  are  placed  one  under  each  bilge,  and  are  in  part  cellular  girders,  and 
should  be,  we  believe,  well  calculated  to  resist  the  rolling  of  the  vessel  and 
increase  her  strength,  without  interfering  with  the  steering. 

Capt.  Symonds,  in  the  paper  under  notice,  very  aptly  compared  the  use 
of  these  double  keels  as  increasing  the  weatherly  qualities  of  a  vessel,  to 
the  two  large  logs  employed  in  that  most  weatherly  of  all  craft  afloat,  the 
Pernambuco  Catamaran  (see  adjoining  figure). 

We  agree  with  Capt.  Symonds 
that  a  light  draught  ship,  whe- 
ther for  war  or  mercantile  pur- 
poses, must  possess  decided 
advantages  over  those  of  heavy 
draught  on  numerous  occasions, 
and  especially  when  intended  to 
operate  inshore,  when  they  may 
then  evade  them  by  crossing 
shoals  or  bars  and  take  shelter 
under  batteries  (and  attack 
them). 

The  next  important  feature 
in  connection  with  the  subject 
of  Captain  Symond's  paper,  is 
the  application  of  double  screw 
propellers.  It  is  well  known 
that  good  results  have  in  many 
instances  been  obtained  from 
vessels  fitted  with  two  screws, 
even  with  the  existing  form  of 
after  sections.  Now,  Capt. 
Symonds  in  conjunction  with 
Mr.  Roberts,  proposes  to  apply 
the  screws  in  such  a  manner  as 
to  overcome  the  greatest  objec- 
tions which  are  advanced 
against  the  application  of  double 
screws,   viz.,  that  the  present 
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form  of  after  section  with  the  dead  wood  ^intervening,  does  not  admit  of 
sufficient  diameter,  and  offers  a  great  obstruction  to  propulsion  and  steer- 
age ;  and,  that  the  speed  at  which  it  would  be  necessary  to  drive  screws  of 
finer  pitch  would  be  too  high. 

The  plan,  as  described  by  Captain  Symonds,  is  as  follows  (and  will  be 
better  understood  on  reference  to  our  plates  227  and  22S)  : — 

It  is  proposed  to  use  a  propeller  F,  which,  by  its  form  alone,  is  calculated 
to  reject  or  throiv  off  all  impediments,  and  if  striking  a  hard  surface  will 
not  receive  any  serious  injury. 

The  vanes  or  blades  are  of  wrought  iron  or  steel  secured  to  spiral  flanges 
on  the  boss,  the  flanges  being  covered  by  a  cycloidal  casing  of  wrought 
iron ;  the  root  of  the  blades  being  long,  and  therefore  well  supported, 
admits  of  their  being  made  thinner  than  those  of  the  ordinary  shape  in 
cast  metal ;  being  thinner,  they  displace  less  water,  and  consequently 
absorb  less  power  in  turning ;  being  of  wrought  iron,  they  are  far  less 
liable  to  injury,  and  can  be  readily  replaced  or  repaired  when  damaged. 
Thev  may  be  estimated  at  about  half  the  weight,  and  one-third  or  one- 
fourth  the  cost  of  those  made  of  gun-metal  of  the  same  diameter. 

These  blades  are  tapered  on  both  the  leading  and  after  edges,  and  when 
in  rotation,  whether  turning  ahead  or  astern,  may  be  said  to  form  a  cone 
that  will  throw  off  any  passing  wreck,  chain,  or  cordage,  without  fouling  or 
injurv  ;  a  coil  of  rope  falling  upon  this  screw  would  be,  it  is  anticipated, 
instantly  thrown  oil'.  This  form  of  blade  will  also  insure  a  more  con- 
stant and  equable  action  on  the  water  under  all  circumstances,  and  thereby 
reduea  vibration. 

The  method  of  attaching  the  screw  shaft  enables  it  to  be  readily  shipped 
and  unshipped,  and,  being  comparatively  light,  the  after  bearing  is  dis- 
pensed with,  part  of  the  after  length  of  the  screw  shaft  into  which  the 
short  shaft  of  the  propeller  is  shipped  being  of  increased  diameter,  so  as 
to  give  a  sufficient  bearing  to  prevent  the  weight  of  the  screw  wearing 
unduly,  and  to  admit  of  being  bored  out  to  receive  the  short  shaft  attached 
to  the"  propeller,  which  is  secured  by  a  key,  gib,  and  cotters ;  by  this 
weans  the  screw  and  short  shaft  may  be  removed  without  disturbing  the 
main  shaft  or  admitting  water  into  the  ship. 

There  being  no  aperture  for  the  screw,  the  section  of  the  ship  will  be 

stronger  and  lighter.     The  screws  are  fitted  to  cylindrical  trunks,  G,  fig.  3, 

under  either  quarter,  which   connect  the    keels  with  the  counter  of  the 

•hip ;  these  trunks  are  the  same  diameter  as  the  boss  of  the  screws,  against 

which  they   lit   closely,  so  as  to  prevent    anything  getting  between  them. 

The  rudders,  H,  being  attached  to  the  after  extremity  of  the  keels,  but 

before  and   lower  than  the   screws,  so  that  both  screws  and  rudders  are 

quite  clear  of  each  other,  and  are  thus  capable  of  performing  their  I 

tive  functions  without  hindrance,  both  being  immersed  at  such  a  depth  as 

to  place  them  entirely  out  of  reach  of  shot  or  ram,  and  prevent  their  being 

lifted   out  of  water.     Captain   Symonds   argues   that   by  this  method  of 

fitting  the   screws,   the  water  being   already  displaced  by  the  ship  and 

I    trunks,  it  comes  direct  to  the  screw-blade  and  closes  by  its  own  gravity 

|    on   the  cycloidal   boss,  leaving  an    appreciable   vacuum,    whereas   in   the 

Ordinary  mode,  the   boss  not  only  displaces  a  large  volume  of  water,  but 

irable  vacuum  in  its  wake,  which  will  absorb  power,  retard 

I,  and,  it  is  believed,  cause  vibration. 

By  revei  ■■■',  the  ship  may  be  turned  rapidly  by  tin:  screws 

r  port  in  her  own  length  ('as  with  two  sculls  in  a  boat, 

ing  and  tin-  other  pulling),  and   ma,,  d,  going  ahead  or 

in,  l ,  y  tin-'  without  any  assistance  from  the  helm,  in  the  most 

urate  inaiiin  r. 

The  rudders  are   geared  together,  and  worked  by  steam  or  by  awheel 
deck,  or  in  the  after  part  of  th  on  the 

and    helmsmen    receive   orders    Simultaneously,  helm  and 

rether  on  the  instant,  helmsmen  and  steering  apj 

:h  of  shot. 

It   will  be  seen  on  reference  to  our   Plates  thai  ivs  will  be 

driven  at  a  higher  speed  than  i  large  diameter,  il    is  pro- 

;  although  if  considered  preferable,  direct  action  may 

be  nsed,  as  being  equally  applicable.     Each   of  the  screw    shafts  is  shown 

being  driven   by  two  horizontal  high  pressure  engines  K,  with  surface 

denser*  1' and  multitubuhll    cylindrical    boilers   N,  the  whole  of  which, 

tiding  the  gearing,    will  !»•  considerably  lower  than  use  al 

present.      'I  In-  substitution  oi   far     mailer  engines  in   lieu  of  the  large 

iow    in   use    would   be   attended   with 
liability  to  accident  must  bo  very  considerably   reduced,  the   engines  may 
more  readily  replaced  or  repaired,  are  less  costly,  and  duplicate  parts 
irried  with  facility. 

i\Ve  must    not   conclude  this   subject  without  referring  to  an  additional 
and  very   important  feature   dwelt  upon   by   Cat. tain   Symonds,  vi: 
isity  for   labour-saving   machinery;  and  we   quite  agree  with  him  in 
ting  the  great  necessity  which  exists   for  the  more  extended  adoption 
mple  mechanical  contrivances  t  ir  saving  labour  on  hoard  ship. 
We  mav  add   that    the   model*  forming  thi 
exhibited  in  the  Naval  Department  of  tin  al  Exhibition. 


A    CRITICAL    AND    HISTORICAL    REVIEW   OF    LOCOMOTIVE 

ENGINEERING. 

{Continued  from  page  272.) 

(Illustrated  ly  Plate  229.) 

Having  analysed  the  nature  and  inquired  into  the  magnitude  of  the 
various  resistances  which  the  engine  has  to  overcome,  if  we  assume  the 
amounts  as  defined  by  the  several  formula;  which  we  have  laid  before  our 
readers  to  be  sufficiently  accurate  for  all  practical  purposes,  nothing  could 
be  easier  now  than  to  define  the  power  which  is  developed  by  an  engine 
while  it  is  performing  a  certain  duty.  Let  us  suppose,  as  a  first  example, 
that  it  is  desired  to  run  a  train  of  100  tons  (engine  and  tender  included) 
up  an  incline  of  1  in  70,  at  a  speed  of  40  miles  per  hour j  taking  Dr. 
Rankine's  formula  as  the  one  nearest  the  truth,  and  admitting  the  resist- 
ance due  to  back  pressure  to  be  27  per  cent,  of  all  other  resistances,  the 
total  resistance  at  the  circumference  of  the  driving  wheels  will  be 


R  t  =  100  ( 1  +  0-27 


(8+   ^+2240x    *   x^\ 
\  180  3       70  / 

and  the  work  performed  expressed  in  mechanical  horse 

5G1    x   5280   x   40 


7501  lbs. 


,1 


J-...1 


HP  = 


60  x  33.000 


-=  806  horse 


Or,  as  a  second  example,  let  it  be  proposed  to  run  a  train  up  an  incline  of 
1  in  70,  with  a  load  of  112  tons  (engine  and  tender  included),  at  a  speed 
of  20  miles  per  hour,  taking  the  back  pressure  at  22  per  cent,  of  all  other 
resistances,  the  total  resistance  at  the  circumference  of  the  driving  wheel 

will  be 


R t  =  142  (  1  x  022  ) 


20- 
1S0 


+  2210  .  — 


9100  lbs. 


and  the  power  in  horse  developed 

9190   x   5280 


IIP  - 


20 


60   x   33.000 


490  horse 


J 


Upon  the'mode  of  arriving  at  this  expression  of  power  in  horse  or  in 
units  of  mechanical  work,  all  engineers  and  all  writers  on  the  subject  are 
well  agreed,  however  much  they  may  differ  as  to  the  amounts  either  in 
detail  or  in  the  aggregate j  and  here,  perhaps,  will  be  the  proper  place  to 
take  note  generally  of  Mr.  Dixon's  remarks  on  the  capabilities  of  locomotive 
engines.  In  his  late  pamphlet  on  train  resistances,  Mr.  Dixon  finds  fault 
with  Mr.  Fairbairn  for  stating  in  his  Useful  Information  for  Engineers 
that  the  duty  performed  by  one  of  our  largest  locomotives,  travelling  at 
15  miles  per  hour,  would  exceed  700  horses,  and  seems  to  think  that  no 
engine  had  ever,  or  would  ever,  perform  a  duty  exceeding  35l  ,   iwer  ; 

yet  do  we  find  by  the  foregoing  examples,  which  are  by  no  means  ex- 
aggerated, that  in  tin  the  engine  would  perform  a  duty  of 
borses,  and  in  the  second  case  a  duly  of   !'!0  horses,   deduction  being  made 
in  both  cases  for  the  loss  of  power  by  back  pressure;  and  in  Clai 
record  of  Gooch's  experiments  on  the  engine  "Great    Britain"  we  find 
that  on  one        i -i     .  travelling  nt   a    peed  of  67  miles  per  hour,  it  per- 
ed  an  effective  duty  of  743  h  r  occasion,  travelling 
at  a  speed  i  f  54  milt  -  per  hour,  an  effective  duty  of  763  lenses,  the  p 
exerted  being  measured  ;                  es  from  the  steam  diagram;  these 
several  cac                                          that  Mr.  Fairbairn  has  by  no  means 
overrated  the  capabilities  of  the  class  of  engin  rred  to,  but 
simplj                                          I  by  previous  »  ril 

From  a  careful  inquiry  we  find  that,  at  a  vei  riodinthe  his- 

tory of  locomotive  et  in  its  pursuit  were  fully 

er  or  t  lie  engine  is  in  the  I 
v.  e  find  in  that  1836  Parabour,  in  bis  expression  oi  the  power  of  engines,  in- 
■  ir  i  vaporating  capability  f  the  chief  elements  of  bis 

formula;  that   in   L846  Brunei,  in  his  evidence  before  the  (  .mis. 

lionets,  I  of  powerful 

P  steam."    That  Stephenson  saye  i—"  Thi 
of  the  ■  pow  ■  r,"  «  hile  the  ad"pt  i 

ibular  boiler  and  I  pipe  in  the  elder  Stej  memorable 

••  Rocki   ."  ■'  t ;     i  ir  ■    i  ■  'bly  the  result   of  ■ 

oonviot  Ion  ind  rapid  combust  ion  are  I 

of  developing  dot  I  •  until  Pamboui  had  mad 

expei  Irai  eng  I  of  ■ 

ither  of  the  powi  r  r<  quired  for  thi 

duty  upon  the  perrai ut  road,  or  of  the  capabilities 

of  th"  boiler  ;  indeed,  this  want  of  know led)  be  plainly  evidenced 

hy  the  •  enl   of  the  bolter  previous  t" 

that  date,  and  b  tent  which  on  afterwards  j 

,e  find  th  rl  \'  roti ."  built    in  I 

amounted  to  308  square  feet,  and  tl  f  the.  "Goliath,"  built  In 

•  as  tiu>  largest  of  the 
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engines  then  at  the  disposal  of  Painbour ;  while  Brunei,  who  at  the  very 
outset  of  his  career  as  a  railway  engineer,  in  1833,  showed  a  spirit  of 
adventure  of  incredible  boldness,  built  the  "  Ajax  "  in  1836-7,  with  10-feet 
driving  wheels,  yet  with  only  474  square  feet  of  heating  surface.  In  1838, 
however,  (that  is  just  at  the  time  when  those  interested  in  the  question 
must  have  become  acquainted  with  Pambour's  writings,)  we  find  that 
Brunei  designed  the  "North  Star,';  with  a  heating  surface  of  706  square 
feet;  and  that  from  that  time  he  kept  increasing  it  in  the  engines  of  the 
Great  Western  Railway  until,  in  1846,  it  reached  the  almost  impracticable 
amount  of  1952  square  feet  in  the  "  Great  Britain."  As  we  find  no  record 
of  any  equally  sudden  and  marked  development  of  the  boiler  in  the 
engines  upon  other  lines,  we  feel  in  justice  bound  to  ascribe  to  Brunei  the 
merit  of  having  first  carried  into  practice  the  results  of  scientific  observa- 
tion, and  made  the  locomotive  engine  that  powerful  agent  of  the  purposes 
of  man  which  we  know  it  to  be  now ;  for,  indeed,  upon  the  narrow  gauge, 
the  first  great  step  in  this  direction  was  only  made  in  1843,  when 
Stephenson  patented  his  long  boiler  engine. 

When  Pambour  made  his  experiments,  he  found  that  the  amount  of  water 
evaporated  per  square  foot  of  heating  surface  per  hour,  was  about  02  cubic 
feet;  this,  however,  includes  the  water  which  is  carried  along  in  a  globular 
state  with  the  steam,  and  which,  having  no  elastic  force,  is  literally  wasted  ; 
the  loss  by  priming  was  by  him  ascertained,  by  calculation  of  the  work 
performed,  to  be  about  25  per  cent,  of  the  whole  amount  of  water  con- 
sumed, so  that  finally  the  square  foot  of  heating  surface  had  an  evaporating 
capability  of  0T5  cubic  feet  of  water  only,  and  the  coke  required  was  from 
9^  to  llf  pounds  per  cubic  foot  of  water,  or  the  amount  evaporated  per 
pound  of  coke  from  5J  to  6|  pounds.  Pambour  also  inferred  from  his  ex- 
periments that  the  best  proportion  between  firebox  area  and  tube  area,  in 
regard  to  economy  of  fuel  is  as  1  to  10. 

In  the  rate  of  apparent  evaporation  per  square  foot  of  heating  surface  it 
does  not  appear  that  we  obtain  any  greater  results  now  than  were  obtained 
26  years  ago,  for  the  experiments  recorded  by  Clark,  made  on  various  classes 
of  engines,  and  which  we  reproduce  in  the  subjoined  table  show  a  maximum 
evaporation  of  0-2  cubic  feet  only. 


Engine. 

Ratio  of  Heat- 
ing Surface  to 
Grate  Area. 

Water  evapo- 
rated per  sq.  ft. 
of  heating  sur. 

■Water  evapo- 
rated per  lb. 
of  Coke. 

Orion 

52 
66 
72 
90 

Cubic  Feet. 
0-12 

0-13 

017 

0-20 

lbs. 
9 

91 

8-9 
8-92 

Cal.  Railway  Pass.  Engine  . 
Snake  (Gooch's)  

Sphynx  (Sharp's) 

These  are  the  mean  results  of  a^good  number  of  experiments,  and  on  that 
account  may  be  considered  tolerably  trustworthy ;  from  them  Clark  very 
naturally  inferred  that  the  rate  of  evaporation  increases  with  the  ratio  of 
heating  surface  to  grate  area,  and  on  this  assumption  has  constructed  the 
following  formula,  defining  the  amount  of  water  evaporated  in  cubic  feet 
per  square  foot  of  heating  surface  per  hour  : 

n  0-00222  - 
a 

where  A  and  a  respectively  represent  the  heating  surface  and  the  grate 
area.  From  observations  made  upon  some  passenger  engines  on  the  Great 
Eastern  Railway,  supplied  to  us  by  Mr.  Sinclair,  we  gather  that  with  a  ratio 
of  heating  surface  to  grate  area  of  71  to  1,  the  rate  of  evaporation  is  only 
0'12  cubic  feet,  and  as  these  observations  are  taken  from  the  engines  per- 
forming their  regular  work,  perhaps  they  are  a  more  faithful  representation 
of  the  actual  state  of  things,  than  observations  made  with  the  preconceived 
ntention  of  being  noted  down,  when  everything  is  put  into  the  best  possible 
working  condition;  at  the  same  time  it  should  be  mentioned  that  this  re- 
sult was  obtained  by  engines  burning  coal  instead  of  coke,  and  if  the  tubes 
had  not  been  newly  cleaned,  the  probability  is  that  they  would  be  covered 
with  a  coating  of  soot,  a  highly  non-conducting  substance,  which  con- 
tingency may  in  some  measure  account  for  the  somewhat  low  figure  men- 
tioned. 

These  several  results  compared  with  those  obtained  by  Pambour  show 
a  rate  of  evaporation  per  square  feet  of  heating  surface,  rather  less  in 
modern  boilers  than  the  earliest  ones ;  nor  are  we  astonished  that  such  is 
the  case,  for,  while  we  have  more  than  trebled  the  amount  of  tube  surface, 
the  size  of  the  boiler  barrel  being  necessarily  limited  by  the  conditions 
of  the  gauge,  we  have  at  the  same  time  so  choked  it  up,  as  to  greatly 
hinder  the  formation,  or,  at  any  rate,  the  liberation  of  the  steam.  This 
fact  has  not  long  remained  unobserved,  for  we  find  that  at  an  early  date 


some  engineers  have  endeavoured  to  obviate  it  as  much  as  possible,  by 
increasing  the  heating  surface  in  the  fire  box  by  means  of  the  midfeather, 
rather  than  in  the  tubes ;  this,  we  believe,  was  first  done  in  1847,  by 
Sharp,  in  the  Spyhnx  (Fig.  1),  and  in  the  Jenny  Sharp  (Fig.  2),  and  by 
J.  V.  Gooch,  in  the  Snake  (Fig.  3) ;  the  Sphynx,  in  particular,  has  very- 
few  tubes,  with  large  water  spaces,  and  to  this  we  feel  inclined  to  ascribe 
in  a  great  measure  the  high  rate  of  evaporation  of  0-2  cubic  feet.  With 
a  view  to  the  same  object  Mr.  Fernie  of  the  Midland  Railway  (see  Fig.  4), 
in  his  patent  boiler,  arranges  the  tubes  in  vertical  instead  of  horizontal 
rows,  and  thus  obtains  an  unbroken  vertical  water  space,  through  which 
the  steam  liberates  itself  without  impediment ;  this  arrangement  has  been 
attended  with  very  good  results,  and  as  the  same  number  of  tubes  can  be 
put  into  the  same  space  as  by  the  old  method  we  can  see  no  reasonable 
objection  to  its  general  adoption. 

Reverting  to  our  comparison  of  modern  with  Pambour's  results,  we 
find  a  great  improvement  as  regards  the  loss  of  water  from  priming,  and 
in  the  consumption  of  fuel;  it  is  true  that  the  experiments  recorded  by 
Clark,  show  a  loss  by  priming  and  condensation  varying  from  3  per  cent,  to 
32  per  cent.,  but  from  a  series  of  15  experiments  on  various  classes  of  en- 
gines and  under  various  circumstances  we  find  the  mean  loss  to  be  18  per 
cent,  only  of  the  total  amount  of  water  consumed  which,  we  think,  may  be 
taken  as  a  fair  average,  and  which  shows  a  gain  of  28  per  cent,  on  the  loss 
sustained  in  the  days  of  Pambour ;  on  the  subject  of  consumption  of  fuel, 
we  find  also  that  one  pound  of  coke  evaporates  now  from  8  to  9  pounds  of 
water,  showing  a  gain  of  30  per  cent,  on  the  results  obtained  by  Pambour, 
and  thus  we  see  that  the  gain  in  consumption  of  fuel  is  equal  to  the  gain 
effected  on  the  loss  from  priming ;  the  one  fact,  indeed,  is  a  natural  sequence 
of  the  other,  but  their  concurrence  deserves  to  be  pointed  out  here  because 
it  tends  to  testify  to  the  correctness  of  the  observations  recorded  by  Pam- 
bour on  the  one  hand,  and  by  Clark  on  the  other.  So  far  we  have  not  taken 
into  consideration  the  important  item  of  pressure,  but  in  order  to  draw  an 
accurate  parallel  between  these  several  results  we  should  compare  the  pres- 
sures to  which  the  steam  in  each  case  had  been  raised,  and  see  what  is  the 
relative  quantity  of  heat  required  for  steam  at  various  pressures.  It  had 
been  admitted  by  Pambour  that  the  quantity  of  heat  contained  in  steam 
is  constant  for  all  pressures,  and  if  such  were  the  case,  the  question  would 
require  no  further  investigation,  since  this  would  imply  that  it  takes  no 
more  coal  to  convert  a  pound  of  water  into  steam  of  501bs.,  than  to  conver 
it  into  steam  of  1501bs.  pressure.  Regnault's  experiments,  however,  have 
proved  that  this  assumption  is  not  quite  correct,  but  that  there  is  a  slight 
increase  of  total  heat  with  the  increase  of  pressure,  and  for  the  satisfaction 
of  our  readers,  we  subjoin  an  abridged  table  of  pressures,  temperature  and 
total  heat  of  steam  as  translated  from  Regnault's  tables. 


Pressure.     Temperature.     Total  Heat.        Pressure.     Temperature.     Total  Heat. 


lbs. 
15 

30 

45 

60 

75 


Deg. 
213 

250 

274 

292 

307 


Units. 
1147 

1159 

1164 

1170 
1174-4 


lbs. 
90 

105 

120 

135 

150 


Deg. 
320 

331 

341 

350 

358 


Units. 
1179 

1182-6 

1185-3 

1187-6 

1190 


From  a  perusal  of  these  figures  which  show  such  a  trifling  increase  of 
total  heat  that  in  practice  it  cannot  possibly  be  felt,  we  are  compelled  to 
conclude  that  Pambour's  assumption  remains  practically  correct  and  con- 
sequently that,  although  modern  engines  are  worked  at  nearly  treble  the 
pressure  at  which  they  were  worked  in  his  days,  yet  does  the  steam  as  now 
used  not  necessarily  require  a  greater  amount  of  fuel.  It  follows,  also, 
from  the  preceding  remarks,  that  an  engine  becomes  more  economical  in 
proportion  as  the  boiler  is  made  to  generate  steam  at  a  higher  pressure. 
'  We  have  learned  in  the  first  portion  of  this  paper  how  to  express  in  units 
of  mechanical  work  the  power  developed  by  an  engine  in  the  performance 
of  a  certain  duty,  and  we  have  now  seen  what  are  the  steam  generating 
capabilities  of  the  boiler,  along  with  the  loss  of  power  sustained  from  prim- 
ing and  condensation  ;  provided,  therefore,  we  can  ascertain  what  volume 
of  steam  is  required  for  each  horse-power  developed,  it  will  be  a  simple 
matter  to  design  a  boiler  capable  of  producing  a  given  required  power. 
This  at  any  rate  seems  to  be  the  most  natural,  and  is,  perhaps,  the  simplest 
mode  of  procedure;  but  when  we  remember  that  steam  may  be  worked 
with  or  without  expansion,  and  that  an  engine  may  be  made  to  run  at 
slower  or  higher  speeds,  the  question  naturally  presents  itself :  under  which 
of  these  conditions  does  the  engine  yield  its  maximum  power  ?  For  it  is 
evident  that  the  problem  should  he  made  subject  to  this  condition,  since 
the  engine  can  be  made  to  yield  any  power  inferior  to  its  maximum.     Iu 
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order  to  solve  this  question,  Painbour  first  finds  the  expression  of  power  at 
any  speed  with  any  pressure,  and  finding  that  in  his  formula,  obtained 
from  purely  theoretical  considerations,  the  factor  speed  appears  only  as  a 
negative  terra,  he  naturally  infers  that  the  engine  yields  its  maximum 
power  at  the  lowest  possible  speed  for  a  given  pressure  ;  and,  as  the  total 
pressure  could  never  be  less  than  the  resistance  to  be  overcome,  the  con- 
dition of  the  maximum  will  be  realised  when  the  pressure  upon  the  piston, 
reduced  to  its  value  at  the  circumference  of  the  driving  wheel,  is  equal  to 
the  resistance  to  be  overcome,  for,  if  it  were  greater,  the  surplus  pressure 
would  act  as  an  accelerating  force,  and  the  condition  of  minimum  speed 
would  at  once  be  destroyed.  AVhen,  therefore,  the  data  of  the  maximum 
duty  are  given,  and  the  resistance  at  the  driving  wheel  ascertained,  as  in 
the  case  of  formula.1  1  and  2,  nothing  could  be  simpler  than  to  define  the 
mean  actual  pressure  upon  the  piston,  and,  this  being  done,  the  following 
mode  of  procedure  will  lead  us  to  the  proportions  of  the  boiler.  The  speed 
of  the  piston  is  evidently  regulated  by  the  volume  of  steam  which  has  to 
pass  through  the  cylinders ;  and,  if  S  be  the  number  of  cubic  feet  of 
water  evaporated  per  hour,  and  n  the  relative  volume  of  the  steam  at  the 
mean  absolute  pressure  at  which  the  work  has  to  be  performed  (that  is, 
the  mean  actual  pressure,  augmented  by  15  pounds,  for  atmospheric 
pressure),  the  volume  of  steam  to  be  sent  through  the  cylinders  in  one 
hour  will  be  ^  S ;  on  the  other  hand,  the  capacity  of  the  cylinder,  includ- 
ing clearance  and  steam  ways,  which  we  will  take  at  -}^  the  value  of  the 
stroke,  is  i  ir  d-  1*04  /,  d  and  I  being  respectively  the  diameter  of  the 
cylinder  and  the  stroke,  both  expressed  in  feet ;  and  as  there  are  4  cylin- 
ders full  of  steam  to  be  discharged  for  every  revolution  of  the  driving 
wheel,  the  number  of  revolutions  per  hour  will  be 

MS 
1-04  IT  :/-  I 

and  the  speed  of  the  engine  in  miles  per  hour 

_    irD  nS  _     D        mS 

5280   '    1-04  .v  d-  I 


d-  I       5401 


(3) 


where  D  stands  for  the  diameter  of  the  driving  wheel  in  feet,  and  u  for  the 
speed  in  miles  per  hour ;  from  this  equation  we  find  for  the  volume  of 
water  required  per  hour  for  a  given  speed 

s=  ,i»L.  *L  (4) 

Such  would  be  the  expression  of  S  at  any  rate,  if  we  did  not  work  the 
steam  expansively  ;  but,  as  in  modern  engines,  the  greatest  admission 
possible  is  075  of  the  stroke,  and  as  the  relative  duty  of  steam  at  this  rate 
of  expansion  is  1*28,  we  must  correct  formula  ( 1)  by  dividing  by  P28,  in 
order  to  obtain  the  correct  value  of  S,  which  becomes 

Q        „        5491        <P!  ... 

And,  as  we  know  that  every  square  foot  of  heating  surface  can  evaporate 
010  cubic  feet  of  water  per  hour,  deduction  being  made  for  the  loss  of 
priming  and  condensation,  if  A  be  the  heating  surface  of  the  boiler  in 
square  feet,  we  -hull  h 

640]        ■•-  i 

1-28  fi  '     1> 


010  A  =  S  = 


and,  finally, 
A 


(«) 


S      m  84816 

0-16   ~       '    l*88/i  '     D 

remembering  always  that   u  is  the  relative  volume  of  the  steam  at  the 

mean  absolute  pressure  at  which  the  engine  will  have  to  work.     It  will  be 

ived  that  this  is  not  an  empirical  formula,  but  one  arrived  at  by 

considerations  of  unquestionable  correctness;  the  factor  n  is 

nly  one  obtained  by  means  of  an  empirical  formula,  bat  the  accuracy 

of  the  tablet  of  relative  volnme  of  -.team,  us  corrected  by  the  experiments 

legnault,  liankine,  or   Fairbairn,  cannot  be  doubted,  at  anj  rate  to 

any   prai  tically  appreciable  degree,   and,    as  regards  the  co-efficient   of 

btained  from  experimental  evidence.     A-  :m  ins! 

n  i l   to  construct   an  engine  capable  of  performing  the 

mum  duty  embodied  in  formula  (-),  with  a  cylinder  16in.  diameter 
_ i.n.  -i  mk.' ;  the  ' <-t ul  resistance  a<  the  circumference  of  the  driving 
.  was  found  to  be  UlHOlbs.,  back  pressure  included,  and,  therefore,  the 
mean  actual  pressure  pi  upon  the  square  inch  will  be 
8190  x  :,•.-,  t  w 

I        I  -:; 


I'l 


li.sll,,. 


the  diameter  of  the  driving  wheel  being  token  :it  6ft.  6ln.,  and  the  mean 

re  will   be    108         1">        L281bs. ;  the  relative  volume  of 

m  ut  this  pressure  is  248,  by  the  old  tables,  and  the  heating  surface 

required  will  !>e 

84818  ;        188       „ 


A 


1-28       248 


l-.u        (-88 


It  should  be  remarked  here  that  this  mode  of  procedure  is  a  pplicable  to 
passenger  as  well  as  to  goods'  engines,  for  since  the  case  of  maximum 
power  is  that  of  minimum  speed  ;  conversely  also  is  the  case  of  minimum 
speed  that  of  maximum  power,  and,  consequently,  if  an  engine  be  pro- 
portioned to  yield  its  maximum  power  at  a  given  minimum  speed,  it  may 
be  made  to  work  at  any  higher  speed  which  is  practically  attainable  ;  for 
instance,  if  we  would  proportion  an  engine  capable  of  performing  the 
maximum  duty  embodied  in  formula  (1),  with  a  cylinder  17in.  diameter 
and  22in.  stroke,  at  the  minimum  speed  of  40  miles  per  hour,  the  total 
resistance  at  the  circumference  of  the  driving  wheel  having  been  found  to 
be  75(illbs.,  back  pressure  included,  the  mean  actual  pressure  per  square 
inch  on  the  piston  will  be,  with  8ft.  driving  wheel, 


7501  x  8  x  x 
6'ToS  x  17-  x~4  x  1-83 


115  lbs 


and  the  absolute  pressur  e  115  +  15  =  1301bs. ;  the  relative  volume  of 
steam  at  this  pressure  is  231,  and  as  the  engine  at  this  speed  would  be 
worked  with  an  admission  of  0-50  of  the  stroke,  at  which  degree  of  ex- 
pansion the  relative  efficiency  of  steam  is  TG9,  we  should  find  the  heating 
surface  required  to  be 


A    -    Li   v     1^9>i231     v     1-417  x   1-83    _  ,,,,,_ 

A   =  40    x     — - — - — —    x _ =   lLiUo  sq.  it. 


31318 


(7) 


Sewell,  in  his  edition  of  Tredgold,  has  constructed  an  empirical  formula 
to  define  the  horse  power  of  a  locomotive  boiler  in  terms  of  the  heatiri"- 
surface  exclusively,  from  which,  of  course,  the  heating  surface  mav  be 
calculated  when  the  horse  power  to  be  developed  is  given ;  his  formula 
stands  thus : — 


HP    =3     V/(i«  +  0(^') 


where  a  represents  the  area  of  the  vertical  sides  of  the  fire  box,  t  the  area 
of  the  top,  and  A,  the  area  of  the  tubes.  Now  the  top  of  the  fire  box  is 
generally  about  k  the  area  of  the  sides,  we  may,  therefore,  put  \  a  +  t  = 
I  a,  and  again  the  area  of  the  sides  is  generally  about  -Lth  that  of  the- 
tubes,  so  that  finally  we  may  put  ;;-  a  +  t  =  $  a  =  ^Aj  ;  Sewell's  formula 
may,  therefore,  be  put  into  this  shape  : 


HP 


V 


iV  Al  *  IT  A' 


3 

17 


whence, 


Ai  =  ¥-  .    HP, 


but  as   the  fire  box  area  is  to  be  -*-  that  of  the  tubes,  if  A  again  be  made 
to  represent  the  total  heating  surface  we  shall  have 


and  finally 


A  =  13    A, 
10 


A   =  i8'7-    II.  P.   =  0-23  IIP 


If  this  formula  be  applied  to  the  case  previously  instanced  where  the 
maximum  power,  exclusive  of  back  pressure,  was  to  be  100  horse,  we  shall 
And 

A  =  (i-.':i  x  400  -    2400    |.  feet. 

This  figure,  we  think,  is  sufficient  in  itself  to  condemn  Sewell'*  f  rmul  i  al 
once,   for  there   1ms   never   yet  been  u   locomotive  boiler  made  with  :i 

heating  surface  much  exceeding  2000  square  feet,  and  we  have  seen  in   the 

'   Britain,  thai   engines  of  this  class  yield  an 
power  of  upwards  of  760  hi 

Clark  defines  the  horse  power  of  the  engine  in  terms  of  the  grate  area, 
and  (.lit ii ins  the  beating  mria.ee  by  laying  down  the  rule  thai  it  should  bi 
equal  to  80  times  the  former  ;  hie  mode  of  procedure  is  as  follows :  he  firsl 
ascertains  theamonnl  af  water,  In  pounds,  required  per  effective  I 
power  per  i i < ■  1 1 r ,  and  from  Qooch's  experiments  on  the   ( 
makes  H  to  be, 

,  water  per  eflbctivi  hot  •  per  hour  »  22 .  *  h   ii 

where  <  Is  the  period  of  admission  In  percentage  ol  the  stroke.  This 
formula  which  tells  us  that  I41ba.  of  water  are  losl  b)  back  pressure, 
priming  and  condensation,  and  clearance  for  all  grades  ■■!  expansion  is 
:  upon  three  mean  results  of  nine  experiments,  a  vi  rj  standi  r  founda- 
tion Indeed,  it-  tnusl  be  owned,  for  ■  formula  of  10  mm  h  In  i  but, 

have  the  means  to  test  Its  accuracy,  II  will  be  well  to  do 
the  loss  bj  -  laid  down  at  ab  ut  24  pert    ,t."t  the  whole, 

and  to  al  Ion  and  •  9+4        29  p<  r 
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cent.,  the  total  loss  of  water  amounts  to  45  per  cent.,  and  we  should, 
therefore,  have  the  following  proportion, 

100  :   22  .  e  +  14  : :  46  :   14 

which  calculated  for  the  maximum  admission  of  75  per  cent,  of  the  stroke 
stands  thus : 

loo  :  30-5  ::  46  :  14 

or,  1400  =  1403 

The  formula,  therefore,  may  be  said  to  be  practically  correct  for  the  case 
of  maximum  admission,  so  far  at  any  rate  as  regards  the  ratio  of  total 
expenditure  to  loss;  but  if  it  is  calculated  for  any  other  period  of  admis- 
sion, the  above  proportion  must  become  an  impossibility,  for  since  the 
total  percentage  of  loss  remains  very  nearly  constant,  three  of  its  terms 
will  remain  unaltered,  while  one  of  them  changes,  when  the  proportion 
necessarily  ceases  to  be  true,  in  the  case  of  an  admission  of  40  per  cent, 
for  instance,  it  will  stand  thus  : 

ioo  :  23  ::  46  :  14 

or,  _  1400  =  1058 

which  is  an  absurdity. 

From  the  above  consideration  we  are  forcibly  led  to  the  conclusion  that 
there  is  no  such  thing  as  a  constant  loss  of  14  pounds  of  water  per  horse 
per  hour  for  all  grades  of  admission,  but  that  this  loss  must  vary  in  the 
same  ratio  as  the  total  consumption,  provided  the  per  centage  of  total  loss 
of  power  remains  constant ;  but  if  it  be  satisfactorily  proved  that  this 
latter  loss  varies  in  a  certain  ratio,  the  loss  of  water  must  vary  at  the 
same  time,  also  inversely  in  the  latter  ratio. 

We  have  found,  however,  that  the  formula  works  well  in  the  case  of 
maximum  admission,  which  is  also  the  case  of  maximum  power,  if,  there- 
fore, we  assume  it  to  be  correct  in  its  amounts  and  proceed  according  to 
Clark's  method,  we  shall  find  the  amount  of  coke  consumed  per  horse  per 
hour  by  dividing  by  8,  thus  : 

lbs.  coke  per  horse  per  hour  =   ii- ULi. — - 


=  3'811bs. 


and  for  a  given  number  of  effective  horse-power, 

coke  in  lbs.  =  3'81  HP. 

Now  it  is  found  that  one  square  foot  of  grate  area  can  burn  a  maximum 
of  about  lOOlbs.  of  coke  per  hour,  and  consequently  we  shall  find  the  grate 
area,  if  we  divide  the  above  result  by  100,  thus : — 

grate  area  in  square  feet  =  0'0381  H.  P. 


but  as  the  heating  surface  is  to  be  8C 
again  we  shall  have  finally  : — 

A  =  80  x  0-0381  HP. 


times  the  grate  area,  if  we  call  it  A 
=  3-05  HP (8) 


This  formula  calculated  for  the  case  selected  to  illustrate  Pambour's 
method  where  the  maximum  power  was  to  be  400  effective  horse  gives  a 
beating  surface, 

A  =  3-05  x  400  =  1220  sq.  feet. 

a  result  which  is  only  very  slightly  inferior  to  that  found  with  Pambour's 
method,  and  from  their  comparison  we  have  a  right  to  infer  that  Clark's 
formula  is  correct  also  in  its  amounts,  for  the  case  of  maximum  power,  but 
as  it  is  altogether  empirical,  while  Pambour's  is  theoretically  correct,  we 
should  decidedly  prefer  the  latter. 

The  several  results  which  we  have  laid  before  our  readers,  have  been  ob- 
tained with  the  consumption  of  coke,  and  formula?  6,  7,  and  8,  are  con- 
structed under  the  hypothesis  that  this  will  be  the  fuel  used,  but  of  late 
years  great  efforts  have  been  made  to  substitute  the  much  cheaper  material 
coal  for  coke,  the  price  of  the  former  being  rather  less  than  one-half  the 
latter,  and  since  at  the  present  date  coal  has  found  its  way  into  almost  ex- 
clusive use,  it  behoves  us  to  see  whether  with  this  change  of  fuel,  any  of 
the  primary  data  upon  which  these  formula)  are  based  have  also  altered,  to 
see  in  fact  whether  as  much  heat  can  be  developed  in  a  given  time  by  the 
combustion  of  coal  as  by  that  of  coke,  and  whether  the  unit  of  heating- 
surface  remains  as  effective  as  before.  With  this  object  in  view,  we  ought 
perhaps,  to  refer  to  the  chemical  composition  of  coke  and  coal,  but  without 
entering  into  minutiae  which  would  not  tend  to  the  furtherance  of  our  pre- 
sent object  it  will  be  sufficient  to  state  that  coke  which  is  composed  of  solid 
carbon  with  a  small  per  centage  of  ashes  can  develope  on  an  average  12-,500 
units  of  heat,  and  that  coal  which  is  composed  of  about  60  per  cent,  of 
solid  carbon  with  25  per  cent,  of  carburetted  hydrogen  can  develope  an  equal 
amount  of  heat,  and  according  to  some  French  authorities  may  even  de- 
velope more ;  theoretically,  therefore,  a  pound  of  coal  should  evaporate  as 
much  water  as  a  pound  of  coke,  and  this  very  nearly  does  take  place  in  well 
managed  stationary  and  marine  boilers.  Clark,  however,  states  that  in  the 
locomotive  boiler,  he  has  found  coal  to  be  capable  of  rendering  a  duty  of  two- 
thirds  that  of  coke  only;  and  the  result  of  actual  practice  on  the  London 
and  North  Western  Railway  as  reported  to  us  by  Mr.  Ramsbottom,  con- 


firms Mr.  Clark's  observations;  there  is,  therefore,  in  the  combustion  of 
coal  a  loss  of  one-third,  which  must  be  accounted  for,  first  by  the  imperfect 
combustion  of  portions  of  the  solid  coal  which  drop  through  the  fire  bars, 
and  by  the  imperfect  combustion  of  the  volatile  hydro-carbons  which  escape 
through  the  chimney  in  the  shape  of  smoke ;  these  are  the  two  most  pal- 
pable causes,  but  in  our  opinion,  as  already  mentioned,  the  deposit  of  soot 
in  the  tubes,  rendering  them  less  capable  of  conveying  the  heat  to  the 
water,  is  a  no  less  active  cause  of  the  loss  stated ;  this  latter  view  of  the 
subject,  so  far  as  we  are  aware,  has  not  before  been  propounded,  and  though 
practically  it  may  be  of  little  importance  to  know  where  the  greatest 
amount  of  the  loss  is  sustained,  yet  as  an  abstract  question  it  is  of  sufficient 
interest  to  deserve  special  investigation. 

The  adoption  of  coal  as  the  staple  fuel  for  locomotive  purposes  is,  how- 
ever, of  such  recent  date  that  engineers  have  not  reached  the  point,  and 
probably  will  not  soon  reach  it,  when  they  may  turn  their  attention  to  the 
question  of  loss  of  heat  and  loss  of  evaporating  power,  their  only  endeavours 
having  been,  until  now,  to  devise  means  for  the  prevention  of  smoke,  in 
order  to  meet  the  requirements  of  the  Act  of  Parliament,  which  forbids, 
not  the  coal,  but  the  chimney  to  emit  smoke;  and  were  we  to  detail  before 
our  readers  the  many  schemes  that  have  been  patented  and  tried  with  a 
view  to  the  solution  of  this  important  problem,  their  number  truly  would 
be  found  to  be  legion ;  although,  theoretically,  the  question  is  as  simple 
as  possible,  since  the  only  thing  required  is  to  supply  those  volatile  hydro- 
carbons with  a  sufficient  quantity  of  atmospheric  air  at  a  point  just  above 
the  first  source  of  heat,  where  the  temperature  is  sufficiently  elevated  to 
enable  carbon  and  hydrogen  to  disunite  and  to  combine  with  the  oxyo-en 
of  the  fresh  air.  Practically,  however,  the  problem  is  fraught  with  several 
great  difficulties  not  easily  to  be  overcome;  it  is  difficult,  in  the  first 
place,  to  supply  the  air  just  at  that  point  over  the  surface  of  the  fire  where 
the  temperature  will  allow  those  chemical  changes  to  take  place ;  it  is  still 
more  difficult  to  supply  the  air  in  such  a  manner  as  to  mix  it  so  perfectly 
with  the  gases  of  combustion  that  each  particle  will  have  a  chance  of 
meeting  with  the  necessary  equivalent  of  oxygen ;  and  although  the 
various  schemes  that  have  been  tried  have  not  all  aimed  at  these  two 
objects  directly,  yet  has  their  number  been  proportionate  only,  we  think, 
to  the  difficulty  of  the  problem.  We  shall  lay  before  our  readers  a  few 
only  of  them,  with  a  view  especially  to  illustrate  the  fact  that  truth  is 
often  looked  for  in  far-fetched,  difficult,  and  expensive  schemes,  while 
afterwards  it  is  more  closely  approached  by  contrivances  of  the  greatest 
possible  simplicity. 

As  early  as  1837  we  find  that  attempts  at  constructing  coal-burnino- 
locomotive  boilers  were  made  by  Messrs.  Gray  and  Chanter,  of  the  Liver- 
pool and  Manchester  Railway ;  but,  confining  ourselves  to  more  recent 
practice,  we  meet  first  with  Mr.  M'ConnelPs  boiler  (fig.  5),  patented  in 
1852,  in  which  the  prevention  of  smoke  was  aimed  at  first  by  providing  a 
large  grate  area,  in  order  to  obtain  a  liberal  supply  of  air  from  underneath; 
secondly,  by  prolonging  the  fire-box  a  considerable  distance  into  the 
boiler  barrel,  in  order  to  give  the  gases  of  combustion  as  long  a  run  as 
possible  previous  to  entering  the  tubes,  while  it  was  sought  also  to  facilitate 
their  oxidation  by  means  of  a  limited  supply  of  air  admitted  through 
apertures  in  the  fire-bole  door ;  and,  thirdly,  by  dividing  the  fire-box  loniri- 
tudinally  into  two  chambers,  and  thus  providing  for  alternate  firing  upon 
two  distinct  grates.  It  will  be  perceived  that  the  theoretical  requirements 
of  the  problem  are  far  from  being  attained  in  this  scheme,  for  the  free 
access  of  air  through  the  grate  would  but  stimulate  the  rapid  distillation 
of  the  coal,  while  the  small  supply  of  fresh  air  from  above,  admitted  at  a 
point  so  far  distant  from  the  surface  of  the  fire  where  the  temperature  is 
too  low  already  to  permit  of  its  chemical  combination  with  the  volatile 
portion  of  the  coal ;  and  practice  has  confirmed  its  inefficiency,  for  the 
experiments  made  by  Messrs.  Woods  and  Marshall,  as  recorded'by  Clark, 
show  that  when  fired  with  coal,  this  boiler  only  evaporates  two-thirds  the 
amount  of  water  evaporated  with  coke.  It  is  true  that  Clark  says,  "with 
good  management  it  is  effectual  in  preventing  smoke,"  but  here  we  must 
remind  our  readers  that  any  fire,  when  it  is  well  managed,  burns  coal 
with  little  smoke. 

The  next  scheme  (Fig  6),  originated  by  Mr.  i'orston,  was  patented  bv 
that  gentleman  and  Messrs.  Sharp,  Stewart,  and  Co.,  in  1855.  Here  the 
intention  was  to  burn  coke  and  coal  simultaneously,  the  coke  lying  to  the 
front,  and  the  coal  to  the  back  of  the  fire  box,  and  each  portion  of  the 
grate  was  fed  through  a  separate  door ;  the  fire  box  was  literally  divided 
into  two  compartments  crossways  by  a  curved  midfeatber  connected  with 
the  back  of  the  box  and  with  the  sides,  but  stopped  short  at  a  distance  from 
the  bottom  sufficient  to  allow  of  a  single  system  of  fire  bars  being  used 
for  both  fires;  the  mid  feather  was  perforated  with  a  series  of  hollow  stavs 
to  allow  the  gases  of  combustion  from  the  coal  fire  to  escape,  and  a  stream 
of  fresh  air  was  supplied  from  below  close  against  the  back  of  the  fire  box. 
With  this  scheme  it  was  evidently  expected  that  the  combustion  of  the  vo- 
latile portions  of  the  coal  would  be  completed  after  their  passage  into  the 
front  compartment  of  the  box  where  it  was  supposed,  no  doubt,  a  sufficient 
amount  of  oxygen  would  be  found  for  the  purpose,  and  the  separate  current 
of  air  from  underneath,  apparently  was  expected  to  glide  up,  unchanged 
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at  the  back  where  its  temperature  would  be  raised  considerably,  to  assist 
afterwards  in  the  combustion  of  those  gases  in  the  upper  region  of  the  fire 
box ;  we  are,  however,  unable  to  supply  our  readers  with  the  practical 
results  obtained  by  this  experiment. 

Almost  simultaneously  with  the  plan  just  described,  Mr.  Beattie  of  the 
South  Western  Railway,  brought  out  his  design,  illustrated  by  fig.  7,  which 
was  intended  to  burn  coal  only.  In  this,  as  in  the  previous  case,  there 
are  two  distinct  furnaces,  and  the  fire  box  is  divided  into  two  compartments 
partly  by  an  inclined  midfeather,  and  towards  the  crown  by  an  arch  made 
of  perforated  five  bricks ;  the  furnace  to  the  back  is  the  one  most  actively 
worked,  and  the  one  to  the  front  is  intended  chiefly  to  carry  incandescent 
fuel,  so  that  the  gases  of  combustion,  issuing  from  the  back  furnace,  and 
deflected  by  a  hanging  diaphragm  may  meet  with  gases  at  a  higher  tem- 
perature in  the  front  compartment ;  the  fire  tiles  also  are  intended  to  act 
as  a  reservoir  of  heat,  raising  the  temperature  both  of  the  air  let  in  through 
the  upper  firing  door,  and  of  the  gases  emerging  from  the  back  compart- 
ment. As  in  Mr.  M'Connell's  design,  the  fire  box  projects  some  dis- 
tance into  the  boiler  barrel,  and  in  this  front  combustion  chamber,  there  is 
again  a  diaphragm  of  perforated  fire  bricks  to  act  as  a  reservoir  of  heat, 
and  to  promote  a  more  perfect  mixing  of  the  gases  in  order  to  facilitate 
their  entire  combustion  previous  to  entering  the  tubes. 

Tins  design,  therefore,  may  be  said  to  be  a  compound  of  M'Connell's  and 
of  Yorston's,  with  the  only  novel  feature  of  the  interposition  of  perforated 
firebricks,  which  we  certainly  are  inclined  to  consider  as  an  improvement ; 
and  if  we  are  to  put  faith  in  the  results  of  experiments  made  to  test  its 
efficiency  as  recorded  by  Clark,  we  cannot  but  conclude  that  it  has  given 
the  most  satisfactory  results;  for  in  this  record  we  find  that  on  one  occa- 
sion it  actually  evaporated  10  lbs.  of  water  per  pound  of  coal,  and  that  the 
average  performance  of  12  experiments  was  8'(ilbs.  water  per  pound  of 
coal,  against  7'71bs.  per  pound  of  coke.  Time,  however,  has  not  verified 
those  extraordinary  performances,  and  at  this  date  Beattie's  coal  burner 
belongs  to  the  things  of  the  past.  The  various  schemes  brought  out 
since  1S57  have  all  been  much  less  pretentious  than  the  previous  ones, 
and  proportionately  also  have  they  been  more  practical;  indeed,  with  a 
few  exceptions,  they  seem  to  have  all  had  a  tendency  to  realise  the  plan 
now  adopted  by  Mr.  Ramsbottom  (illustrated  by  fig.  8)  on  the  extensive 
net  work  of  the  London  and  North  Western  Railway,  and  consisting  of  a 
couple  of  air  holes  in  the  front  of  the  fire-box,  through  which  the  admission 
of  air  is  regulated  by  means  of  small  dampers,  a  brick  arch  leaning  from 
lightly  downwards  to  throw  the  fresh  air  upon  the  surface 
16  fuel,  and  also  to  increase  the  length  of  travel  of  the  gases  of  com- 
bustion, and  iif  a  deflector  leaning  downwards  from  the  firing  door  to 
throw  the  fresh  air  admitted  through  the  latter  upon  the  surface  of  the 
fuel  :i  Mr.  farrow,  of  the  Aberdeen   Railway,  and  Mr.  Jenkins, 

of  the  Lancashire  and  Yorkshire  Railway,  simultaneously  introduced  the 
admission  of  air  throngh  the  front  along  with  the  brick  arch,  while  Mr. 
Feet,  of  the  Carlisle  Railway,  and  Mr.  Ramsbottom  adopted  the  deflector 
from  the  firing  door,  the  whole  combined  forming  a  more  effective  smoke 
burning  scheme  than  any  other  yet  tried,  and  being  extremely  simple  and 
lensive  in  its  const!  ucl  i  in. 

Mr.  Sinclair,  of  the  Greaf  Eastern  Railway,  adopts  the  deflector  over  the 
firing  door  (see  tig.  'J) ;  but  instead  of  having  a  brick-  arch  in  front  of  the 
fire-box,  lie  introduces  two  thin  jets  of  steam  on  each  side  of  the  bo\,  the 
object  of  which  evidently  is  to  mix  the  gases  as  much  as  possible  before 
they  enter  tin' till,.-.  We  do  not  think,  however,  that  this  scheme  is  as 
complete  ns  the  one  previously   described,  because  ii  afford  the 

j   of  travel  obtained  by  the  introduction   of  the 
brick  arch. 

To  complete  our  review  of  the  -moke  burning  schemes  to  which  we  have 

referred,  we  should  add  that  each  of  them  includes  a  blow-pipe,  by  means 

hichajet  of  steam   may!/'  introduced   into  the  chimney  when  the 

ips.     This  contrivance  has  the  double  effect  of  creating  a  slight 

draught,  and   of  discolouring  the  smoke,  which   becomes   more  plentiful 

during  these  periods  of  slow  combustion. 

Before  concluding  our  enquiry  into  the  results  produced  by  the  combus- 
tion of  coal,  and  in  order  to  trison  between  the,. 
tive  duties  yielded  by  coal  and  i  onld  remark  th.it  the  evaporating 
r  of  t lie  former  In  ing  only  two. thirds  thai  of  the  latter,  unless  a  pro- 
portionately greater  amount  of  coal  can  be  consumed  in  n  .  upon 
the  -..               i  area,  nil  theengines  originally  designed  to   burn 

I  l<  r  duly  ;   and  hep,.,  ii, 
another  point  which  demands  investigation. 

We  have  thus   become    icquainted  with   the  gradual   growth    of  the 

knowledge  on  the  capabilities  of  the  bouer  a*  an  accumulator 

power,  for  it  is  now  a  well  established  fact  that,  in  mechanics,  these  tiro 

<  are  synonymous  j  and  we  have  learned,  so  far  -  this 

knowledge  at   presenl   permits,  how  to  proportion  that  mosl   important 

pari   of  the  [locomotive  enj  lable  it   at   an]  time  tomeef  a  given 

Ii  remains  now  for  ns  to  glance  over  those  questions  which  relal 

ability,  for  it  should  •;,   an 

•ccumnlator  of  power,  and  i  ■  of  highly  compn  hich  seeks 


to  make  a  way  for  itself  wherever  it  can  find  a  point  too  weak  to  resist  its 
expansive  force,  when  if  it  succeeds  in  so  doing,  from  being  a  source  of 
comfort  and  of  wealth,  it  becomes  a  source  of  destruction  and  of  sorrow. 

It  is  a  well-known  fact  that  of  all  the  structures  which  have  to  resist 
extraneous  pressures,  the  arch  is  the  lightest  and  the  most  effectual,  and 
it  is  demonstrated  (see  Sankine's  Mechanics)  that  an  arch  which  is  sub- 
ject to  an  uniform  normal  pressure  should  he  a  circle;  that  boiler,  there- 
fore, is  built  correctly  which  is  made  circular,  and  to  realise  this  condition 
should  be  the  invariable  care  of  the  practical  Engineer  boiler  maker.  The 
peculiar  circumstances,  however,  under  which  the  locomotive  boiler  has 
to  perform  its  work  preclude  the  entire  realisation  of  this  condition  of 
stability,  and  the  universal  practice  now  is  to  make  the  fire-box  a  square 
compartment  walled  round  by  an  inner  box  made  of  copper  plates  on 
account  of  their  greater  conductibility  of  heat,  and  of  their  less  liability 
to  corrosion  or  oxidation,  and  of  an  outer  box  made  of  iron  plates;  a 
water-space  of  2\  to  3i-  inches  is  left  between  the  two  boxes,  which  are 
stayed  together  by  means  of  screwed  copper  bolts  rivetted  down  at  the 
ends;  at  the  bottom,  the  box  is  made  tight  by  means  of  a  ring,  sometimes 
made  of  solid  iron  and  sometimes  of  flanged  iron ;  the  crown  of  the  inner 
box  is  generally  flat,  and  stayed  by  a  series  of  longitudinal  bars  known  as 
the  roof  stay-bars,  bedded  accurately  at  each  end  upon  the  vertical  walls 
of  the  box  and  rivetted,  screwed,  or  bolted  to  the  crown  at  suitable  inter- 
vals in  the  whole  of  their  length ;  finally,  the  crown  of  the  outer  box  is 
made  to  follow  the  curve  of  the  barrel,  and  generally  projects  some  5 
inches  or  more  beyond  it ;  in  recent  practice,  however,  we  find  it  to  be 
more  generally  flush  with  the  barrel,  which  is  decidedly  an  improvement. 

Having  thus  described  the  general  design  of  the  boiler,  for  the  benefit 
of  the  uninitiated,  the  points  which  we  shall  have  to  inquire  into  are  the 
following,  viz. : — 

1.  What  quality  of  iron  should  it  be  made  of  ? 

2.  How  should  the  plates  be  jointed  ? 

3.  How  should  the  fire-box  stays  be  distributed  ? 

4.  How  should  we  proportion  the  strength  of  the  roof-stay  bars  ? 

For  the  knowledge  which  we  possess  of  these  several  points  we  are 
chiefly  indebted  to  the  researches  of  Mr.  Fairbairn,  a  more  untiring  worker 
than  whom  we  have  not  had  in  this  important  branch  of  physical  science. 
On  the  subject  of  the  quality  of  the  material,  of  course,  there  cannot 
be,  and  we  believe  there  are  not,  two  different  opinions  ;  it  should  ba  the 
best  both  in  regard  to  its  strength  or  toughness  of  fibre,  and  in  regard  to 
its  ductility,  for,  owing  to  the  peculiar  construction  of  the  locomotive 
boiler,  the  plates  have  to  be  flanged  and  worked  into  various  shapes, 
especially  in  those  portions  attaching  to  the  lire-box  where  iron  of  brittle 
grain,  if  it  do  not  crack  while  it  is  being  worked,  will  show  its  unfitness 
for  the  duty  it  has  to  perform  after  a  very  short  time  of  service ;  the  iron 
to  be  used,  therefore,  and,  we  believe,  that  generally  used,  is  the  beal 
quality  of  Yorkshire  iron,  since  the  experiments  made  by  Mi'.  Fair  bairn, 
as  early  as  1838,  show  the  ultimate  strength  of  Yorkshire  plate  to  be,  on 
an  average,  25  tons,  and  that  of  plates  from  other  districts  21  tons  only. 
Some  experiments  made  by  him  also  at  the  Bame  period  make  the  relative 
strength  of  plate  joints  to  be  as  follows : — 

Solid  plate    I  0 

Double  rivetted  joint 70 

Single  rivetted  joint   56 

And  these  figures  have  been  confirmed  by  experiments  since  made  at 
Woolwich  by  Air.    Bertram.      This    gentleman    has    patented   a    process  for 

welding  the  joints  of  plates,  and  from  his  experiments  it  would  appear 

thai   these  joints  are  actually  stronger  than  the  plate  itself  when   the  weld 

is  perfect;  his  process,  however,  has  nol  yel  found  its  way  into  general 
us..,  luii  the  donble-rivetted  lap  joint  is  now  almost  invariably  adopted. 
Boiler  barrela  are  made  of  plates  varying  from  to  in.,  and  the  -train 
sustained  by  the  plates  for  a  given  pressure  iii  i lie  i.  lili  r  is 

l) 


i' 


E 


2240  x  2  x  t  x  U7 
in  which  formula   I'  ll  the  -train  upon  the  square    inch   of  plate  in  I 

the  pressure  of  the  steam  in  pounds  per  square  inch,  i»  the  diameter  ol  the 
barrel,  and  i  the  thickness  of  the  plate-,  both  in  inches;  from  this  we 
easily  obtain  also  the  pressure  of  the  steam  i"  r  square  inch  which  would 
burst  the  boiler  j  assuming  the  ultimate  strength  of  plate  to  be  25  tens, 

it  stands  thus 


/'i 


25   ■ 

I' 


*    I 


which,  calculated  for  a  boiler   n't.  diameter,  with  p laics  j  ti, 

p\  «  Tlilb-.,  an, I.  .,-  i be  maximum  pressure  of  iteara  seldom  e> 

LSOlbs.,  or  ebon!  '.  the  banting  pn  ran  of  •>  barrel  of  large  ita 

no  tear  of  accident,  in  if  ore*  | ure.     Before  dismissing  this 

j  abject,  we  would  call  the  attention  ol  our  readers  '"  Mr.  Fernle'i  thick- 
.  i  ed  boiler  (a  longitudinal  section  and  plan  of  which  is  shown  '.and 

a  lull  size  section  of  o  plan 

of  the  hoiler)f  which  supplies  mosl  effectually  'be  ,;.  rengtfa 

in  the  joint-,  and  the  peculiar  feature  of  whieli  consists  in  making  RM 
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plate  thicker  at  tlie  edges,  and  double  rivetting  the  boiler  at  the  same 
time.  The  full-sized  sketch  on  our  plate  is  intended  to  show  the  edge 
of  the  plate  thickened  to  the  amount  of  T4u,  so  as  to  bring  the  strength 
in  the  seams  up  to  that  in  the  body  of  the  plate. 

On  the  resistance  of  fire-box  plates  and  stays,  Mr.  Fairbairn  has  made  a 
series  of  direct  experiments,  from  which  we  learn  that  with  stays  placed 
5  inches  apart  the  plates  which  were  f  thick,  began  to  bulge  out  under 
a  pressure  of  4551bs.  to  the  inch,  that  is  ^  the  maximum  in  the  boiler ; 
and  with  stays  placed  4  inches  apart  they  began  to  bulge  out  under  a 
pressure  of  5151bs.  to  the  inch,  or  s.  the  maximum  pressure,  the  copper 
plates,  it  should  be  stated,  were  iin.  thick.  Both  experiments  were 
pushed  to  the  point  of  rupture,  but,  in  a  case  like  this,  we  have  un- 
doubtedly to  deal  with  the  question  of  tightness,  since  it  is  evident  that 
the  boiler  is  practically  ruptured  when  it  ceases  to  be  tight,  and  which 
must  take  place  whenever  the  plates  begin  to  bulge  out ;  4in.,  therefore, 
should  be  the  maximum  distance  of  these  stays,  but  it  would  be  advisable 
to  reduce  it  to  3fvn.,  since  structures  of  much  less  importance  are  made 
to  carry  loads  of  i  or  J  only  their  ultimate  strength. 

On  the  same  ground  should  the  roof  stay  bars  and  the  bolts,  or  screws, 
which  bind  them  and  the  crown  of  the  copper  box  together  be  only  4in. 
apart ;  in  practice,  however,  it  is  seldom  possible  to  place  the  bars 
at  closer  distance  than  4:i-  or  4Jin.,  to  counterbalance  which,  in  some 
measure,  the  distance  of  the  bolts  may  be  reduced  a  little.  In  propor- 
tioning the  strength  of  a  roof  stay  bar  we  should  look  upon  it  as  being 
a  beam  resting  freely  on  the  two  vertical  walls  of  the  box,  and  subject  to 
a  load  uniformly  distributed  over  its  length  being  that  due  to  the  steam 
pressure  upon  the  narrow  strip  of  4jim.  the  distance  between  two  con- 
secutive bars  ;  a  beam  like  this  must  satisfy  to  the  general  condition  of  the 
formula  : 

W!  R5  d- 


where  W  is  the  total  load  in  tons,  I  the  length  in  inches,  R  the  proof 
load  of  iron  per  square  inch  in  tons,  h  and  d  respectively  the  breadth  and 
the  depth  of  the  bar  in  inches.  This  formula  applied  to  the  present  case 
with  a  maximum  pressure  of  1501bs.  in  the  boiler,  a  proof  load  of  6  tons 
to  the  square  inch  and  with  the  condition  that  the  breadth  of  the  bar  shall 
be   'i  its  depth,  reads  thus  : 


150  x  4-25  x  P 

6  x  # 

<?•> 

2240  x  8 

4x6 

4 

whence  we  obtain, 


-    V" 
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in  the  application  of  which  formula  it  must  be  remembered  that  the  bar 
must  have  a  thickness  equal  to  \  its  depth,  deduction  being  made  for  the 
bolt  hole. 

To  give  the  steam  the  means  of  exit  when  it  has  reached  its  maximum 
pressure,  or  to  give  the  engine  driver  the  means  of  releasing  it  whenever 
that  may  be  required,  the  boiler  should  be  provided  with  a  suitable  safety 
valve,  and  of  these  we  would  say  that  that  one  is  the  best  which  is  sim- 
plest in  construction,  and  which  affords  either  ignorance  or  malevolence  the 
least  possible  chance  of  tampering  with  it.  Among  the  many  schemes 
which  have  at  various  times  been  advocated,  two  only  deserve  of  our 
special  notice,  because  they  are  the  only  ones  which  have  come  into 
general  use.  The  first  is  the  old  valve  with  narrow  conical  seat,  loaded  by 
means  of  Salter's  spring  balance  acting  upon  the  end  of  a  lever,  which  is 
so  proportioned  that  the  balance  shall  indicate  the  pressure  of  steam  per 
square  inch  when  it  blows  off;  this  is  the  scheme  which  has  been  mostly 
patronized  until  now,  partly  as  a  means  of  ascertaining  the  pressure  in 
the  boiler,  although  its  indications  may  scarcely  ever  be  relied  upon  to 
within  5  or  6  pounds. 

The  next  scheme  which 
the  annexed  woodcut 
illustrates,  is  the  one 
patented  by  Mr.  Rams- 
bottom,  in  which  the  old 
valve  is  preserved,  but ' 
is  held  in  its  place  by  the 
direct  pressure  of  a  strong 
spiral  spring  adjusted  to 
release  the  steam  at  the 
desired  maximum  pres- 
sure in  the  boiler.  The 
cross  bar  which  commu- 
nicates the  pressure  of  the 
spring  to  the  valves  is 
lengthened  out  in  order 
to  be  used  as  a  hand  lever, 
and   the  arrangement  is 


such,  that  any  adequate  pressure  applied  either  upwards  or  downwards 
at  the  end  of  this  lever  will  release  the  steam.  This,  indeed,  is  the  peculiar 
advantage  claimed  for  and  possessed  by  this  safety  apparatus,  inasmuch  as 
the  prevalent  practice  of  overloading  the  safety  valve  is  here  an  impossi- 
bility. This  scheme  is  worthy  of  special  notice,  we  think,  independently 
of  its  practical  advantages,  ou  account  of  what  we  may  be  allowed  to  term 
its  elegant  ingenuity. 

{To  be  continued) 


SCOTTISH  SHIP-BUILDERS'  ASSOCIATION 
ON   ARMOUR-PLATING,  &c. 

BY  Me.  LAUEEifCE  Hill. 

The  protecting  of  war-ships  has  engaged  the  attention  of  naval  men 
from  a  comparatively  remote  period ;  even  the  war  galleys  of  our 
ancestors  seem  to  have  been  protected  against  missiles,  and  to  have  been 
furnished  with  strong  sharp  bows  for  running  down  or  injuring  opposing 
vessels. 

It  is  a  curious  fact,  that  while  war  missiles  were  comparatively  feeble 
in  effect,  protection  against  them  was  deemed  as  necessary  as  it  is  now  ; 
whilst  during  a  middle  period,  when  the  power  of  missiles  had  been 
greatly  increased,  it  was  thought  hopeless  to  attempt  any  such  defence. 

The  placing  of  plates  at  an  inclination,  though  considered  a  new  inven- 
tion, is  an  old  idea.  In  Jamieson's  Mechanical  Dictionary ,  published  in 
1827,  there  is  a  description  of  an  invention  by  Louis  Gompertz  for  protect- 
ing wooden  ships  with  inclined  plates,  so  as  to  deflect  the  shot,  and  of 
other  plans,  more  ingenious  than  useful,  for  returning  the  enemy's  shot 
against  himself.     His  plan  is  shown  at  Fig.  1. 


Fig.  1. 


Fig.  2. 


In  1836  Gompretz's  invention  was  again  brought  before  the  public  in 
Herbert's  Encyclopedia.  But  the  first  time  that  I  was  aware  of  the 
principle  of  protection  being  brought  before  the  Admiralty  was  in  1810, 
when  Mr.  M'Nair  of  Auchineen  submitted  his  plans.  In  course  of  his 
correspondence  with  the  Admiralty,  Mr.  M'Nair  also  showed  the  advan- 
tage of  reducing  the  size  of  gun-ports — a  matter  now  considered  of  much 
consequence. 

In  1859  I  submitted  to  the  Admiralty  plans  for  a  gun-boat  to  be  pro- 
tected by  plates  placed  at  angles,  both  above  and  below  the  gunwale.  This 
boat  was  armed  with  breech-loading  guns,  loaded  from  below,  so  as  to 
keep  the  men  under  cover. 

In  1861,  Mr.  Jones  patented  an  invention  for  modelling  war-ships, 
with  an  elliptical  cross  section.*     Fig.  2. 

Following  up  this  invention,  Captain  Coles  ,  has  gone  very  ably  into  the 
subject,  advocating  the  advantage  of  razeing  frigates,  and  protecting  them 
by  inclined  plates. 

The  importance  of  armour  plating  is  generally  admitted;  but  two 
modes  of  applying  it  are  advocated  by  different  parties,  viz.,  thick  plates 

*  Mr.  Jones  does  not  patent  the  fixing  plates  at  an  angle,  as  is  generally  supposed. 
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placed  vertically,  and  thinner  plates  placed  at  an  angle  so  as  to  deflect  the 
shot.  Each  party  has  proved  by  experiments  that  their  plan  possesses 
advantages  peculiar  to  itself.  Both  are  in  some  measure  right.  For 
while  it  has  been  proved  by  experiment  that  plates  placed  at  a  certain 
angle  do  not  afford  much  more  resistance  than  vertical  ones,  it  has  also 
been  proved  that,  if  the  angle  is  sufficient,  much  thinner  plates  will 
suffice,  and  it  likewise  appears  to  be  ascertained  that  the  angle  must  be 
less  than  45°  to  be  of  much  advantage. 

When  the  carrying  capacity  is  limited,  or  the  cost  of  thick  plates  too 
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Fig.  4. 


Fig.  5. 


great,  the  thinner  inclined  plates  may  be  adopted ;  but  when  otherwise, 
the  thick  plates  are  preferable.  Both  may  be  profitably  combined  in  one 
ship.  The  thick  vertical  plates  have  this  decided  advantage,  that,  if 
strong  enough  to  resist  a  point  blank  shot,  should  the  heeling  over  of  the 
■hip  present  the  side  in  an  inclined  direction  to  it,  the  efficiency  of  the 
protection  would  thereby  be  increased ;  whereas  the  opposite  may  be  the 
with  the  angled  plates.  Thick  vertical  plates  have  the  further 
advantage  of  not  encroaching  on  the  vessel's  deck  space.  On  the  other 
hand,  the  inclined  plates  cover  a  considerable  portion  of  the  ship's  deck, 
and  thus  protect  it  from  shot  or  shell  dropping  from  an  elevation,  and 
also  form  a  better  protection  for  the  men,  who  in  small  vessels,  such  as 
gun-boat-,  would  require  to  remain  on  deck. 


Hg.  6. 
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(1  p  not  think  the  plan  of  arming  only  the  centre  of  the  ihi 

hip  may  be  s,>  built  and  protected  in  that  wiiy,  by  en 

ct  the  crew   and  not  end  mgei   I  lie   '    I .      ;    til  f  fin- 

are    shattered,    and  hang   loose,    the   vessel   U  rendei 
manrruvring,  or,  in  fact,  for  any  purpose  except  thai 
These    remarks  apply  to  vessels  intended    to   i 


with  an  enemy,  and  withstand  the  effect  of  broadside  guns.  But  I  appre- 
hend that  much  money  may  be  saved,  and  much  more  efficient  service 
obtained,  by  the  employment  of  very  fast  vessels,  each  carrying  one  or  two 
guns  capable  of  throwing  heavy  shot  to  great  distances,  but  unprotected, 
their  safety  consisting  in  their  ability  to  keep  out  of  danger  by  means  of 
superior  speed  and  light  draught;  while  the  same  means  would  enable 
them  to  harass  an  enemy.  Such  vessels  would  be  of  immense  service  in 
our  channels  and  estuaries,  either  against  an  enemy's  ship  of  the  Warrior 
class,  which  they  could  assail  from  places  where  it  could  not  venture ;  or 
could,  if  judiciously'  manoeuvred,  sink  any  ordinary  ship  of  war.  Besides, 
they  would  be  exceedingly  useful  as  sentinel  and  despatch  boats. 

Another  very  efficient  description  of  vessel  would  be  a  long  flat  boat, 
very  low  in  the  water,  say  of  the  form  patented  by  Mr.  Jones,  having  a 
deck  entirely  covered  with  moderately  thick  plates,  and  armed  with  a 
few  heavy  guns.  Such  a  vessel  might  steam  close  to  a  heavier  ship,  and 
do  considerable  damage  with  comparatively  little  risk,  as  shot  would 
either  pass  over  her,  or  would  strike  the  covered  deck  at  such  acute 
angles  as  to  be  easily  deflected. 

To  return  to  the  subject  of  armour-plates,  with  a  view  to  induce  such 
discussion  as  may  tend  to  elucidate  the  best  description  and  best  method 
of  application,  I  may  remark  that  when  sufficient  money  and  carrying 
capacity  are  available,  we  may  take  for  granted  that  thick  vertical  plates 
are  best  for  protecting  the  sides  of  ships,  and  may  also  take  for  granted 
that  when  plates  can  be  placed  at  sufficient  angles,  a  thickness  of  2  or  21- 
inches  would  be  enough  for  ordinary  protection.  In  that  case  their  cheap- 
ness would  permit  of  their  application  in  the  simple  form  of  common  flat 
plates,  laid  along  from  the  ship's  gunwale,  and  supported  at  the  proper 
inclination  by  short  stanchions  or  knee-plates. 

The  plan  which  is  recommended  by  Captain  Coles  for  the  conversion 
and  protection  of  wooden  ships  is  well  worth  consideration.  But  for  large 
ships  yet  to  be  built,  thick  plates  might  be  fixed  vertically  from  a  few  feet 
below  the  load  water-line  to  the  level  of  top  of  port-holes  on  gun-deck, 
and  above  that  light  plates,  laid  at  an  inclination,  might  be  fixed  to  the 
vessel's  frames  and  deck  beams,  these  being  properly  shaped  for  the  re~ 
ception  of  the  plates.  The  space  for  working  the  ship  would  be  narrowed ; 
but  as  masts  and  rigging  should  be  entirely  dispensed  with,  this  is  of 
little  consequence.  The  disadvantage  of  greater  difficulty  in  boarding  an 
enemy's  vessel  is  got  over  by  having  light  folding  gangways,  which  would 
also  serve  the  purpose  of  bulwarks,  as  shown  by  Mr.  Jones.  The  elliptical 
shape,  as  suggested  by  Mr.  Jones,  has,  for  vessels  of  shallow  draught,  the 
advantages  of  strength  and  lightness  of  frame.  Mr.  Grantham  proposes  to 
curve  the  ship's  side  from  water-line,  increasing  the  curve  at  the  bulwarks, 
fixing  the  armour  to  the  skin  without  wood  backing,  but  increasing  the 
rigidity  of  ship's  sides  by  deep  brackets,  as  shown  in  diagram  fig.  3. 

Several  plans  are  suggested  for  using  the  conical  or  corrugated  form  of 
plating. 

Mr.  C.  Richardson  proposes  fixing  a  row  of  conical  shields  all  along  the 
ship's  sides,  of  section  represented  by  diagram  fig.  I,  and  of  diameter  equal 
to  distance  from  water-line  to  gunwale. 

Mr.  Jevons  proposes  a  series  of  conical  plates  laid  on  wood  backing,  as 
represented  in  diagram  fig.  5;  but  thin  corrugated  plates,  unless  the  cor- 
rugations are  much  larger  than  the  ball,  are  all  a  source  of  weakness;  for 
if  the  ball  impinges  against  both  sides,  the  immediate  effect  would  be  to 
wedge  out  or  burst  the  plates  asunder;  and  in  fact  this  kind  of  collision  of 
the  ball  between  the  plates  tends  to  strengthen  the  ball,  by  keeping  its 
particles  from  falling  asunder;  whereas,  w  Inn  it  hits  on  the  point  the  ball 
has  a  tendency  to  be  rent.  (See  ii_r.  6.)  Whatever  the  form  or  section  of 
i  lie  vessel  may  lie,  it  is  self-evident  that  the  thicker  the  shield,  the  better 
i  he  protection.  A  thickness  of  2  or  3  inches  is  easily  attainable,  bul  plates 
of  i  or  \\  inches  thirl  ;it  least  are  required  for  vertical  positions;  and 
recent  experiments  indicate  that  6  inches  may  he  required  to  give  confi- 
dence,    riic  problem  of  how  to  cover  the  greatest   Dumber  of  superficial 

yards  at   the  least  expense,  IS    difficult   to  solve.       l'lates  gucll    BB    thoSfl  Used 

iii   the    Warrior  and    Black   Prince  (see  diagram    ltg.9)saj  L5  feet   •  :t 

feet/  r    inohetj  exclusive  of  the  wood  backing  and   fitting,  ha\ -t 

nearly  £60  per  ton,  or  about  £30  per  iquare  yard  covered,  for  the  mate- 
rial   alone.       If   li'.     inches    thick,    the    expense  u.nilil  pi'.liahly    he  doiil.|.-il  ; 

the  expense  of  Axing  would  also  be  increased,  though  not  in  the 
proportion. 

[f  i  vessel  similar  to  ihe  Warrior  is  to  he  protected  all  round,  there 

Hon  M  probably  he  _'.i»>h  \  u»ds  of  the  sides  and  ends  to  be  protected;  this, 

I  |.,r  yard,  h  no  less  a  sura  .than  £100,000,  and  as  the  most  of  this 

expense  is  caused  bj  (chargeable  a-  extra)  for  the  extra 

weight,  then        reii  need  of  fluding  some  mode  of  chi  be  armour, 

liiere  is  diffioult)  in  farnacing and  handling  ms f  red-hot  iron  weigh- 

■  '-li-  and  upwards,  and  gri  in  the  manufacture,  a-  well  as 

itj   i  .1   \.\\   powerful  machinery.     Bul  if  the  weights  can  be  kept 

under  80  owt.,  and  the  breadths  under  is,  inches,  it  would  make  a  material 

i  thick  ban  rather,  of  16  or  L6  inches  broad,  can  be 

rolled  foi    BIS  per  ton.     Tin-  weak   parts  in  common  armour-plates  ire 

undoubtedly  :it  the  edges  and  round  the  bolt-holes,     [fs  modeol  Axing  Is 
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attainable  whereby  bolt-holes  can  be  dispensed  with  and  the  edges  of 
plates  protected,  a  great  advantage  would  be  effected.  Mr.  Langley  pro- 
poses and  has  patented  a  section  of  plate,  as  represented  in  diagram  fig.  7, 
which  protects  the  bolts  and  rivet-holes,  and  permits  of  the  plates  being 
secured  to  the  ship's  side.  Mr.  Robinson,  of  the  Ebbw  Vale  Company, 
suggested  a  section  of  plate,  as  represented  in  diagram  fig.  8,  which  does 
not  require  any  bolts  in  the  principal  plates. 

To  combine  the  idea  of  getting  rid  of  the  bolt-holes  with  protecting  the 
edges,  and  at  the  same  time  facilitate  the  renewal  of  injured  plates,  I 
propose  a  section  of  armour-plate  or  bar,  and  a  fastening  bar,  as  repre- 
sented in  diagram  fig.  10,  which,  besides  requiring  no  holes  in  the  prin- 
cipal bars,  has  the  further  advantage  of  protecting  the  edges,  these  being 
guarded  by  the  curved  or  conical  form  of  the  fastening  bar.  It  also 
permits  of  an  injured  plate  being  taken  out  without  disturbing  any  of  the 
neighbouring  plates,  all  that  is  required  being  to  unscrew  the  fastening 
bar  immediately  below  it,  when  it  will  drop,  and  be  relieved  from  the 
fastening  above. 

It  may  be  said  that  though  there  are  no  holes  in  the  plates  there  are 
holes  in  the  fastening  bars.  This,  however,  is  remedied  by  the  extra  depth 
of  these  pieces,  and  their  inclined  and  conical  position. 

A  fastening,  such  as  I  have  described,  would  also  provide  for  the  easy 
removal  and  replacing  of  a  great  part  of  the  weight  at  the  bow  and  stern 
of  a  ship,  so  as  to  enable  it  to  be  put  in  better  sailing  trim  before  setting 
out  to  a  foreign  station,  and  that  the  vessel  might  be  more  lively  in  rough 
weather. 

Suppose  a  ship  plated,  as  already  described,  in  a  fore  and  aft  manner,  to 
a  foot  or  two  above  the  water-line  ;  but,  where  it  is  wished  to  have  the 
plates  moveable,  let  the  fastening  plates  above  the  water-line  be  fixed 
vertically,  then  the  heavier  plates  themselves  could  be  fitted  so  as  to  be 
easily  drawn  np  and  stowed  below.  With  suitable  tackle,  many  tons  of 
these  bars  could  be  drawn  and  lowered  into  the  hold  in  a  short  time,  and 
as  easily  re-shipped  when  required.  Another  advantage  of  these  long  bars, 
when  placed  fore  and  aft,  is  that  they  would  add  to  the  strength  of  the 
structure,  whereas  the  present  short  plates  tend  to  weaken  it. 

As  to  the  mode  of  backing,  I  am  of  opinion  that  heavy  teak  backing  is 
objectionable.  It  requires  long  bolts,  and  there  is  so  much  overhang  in 
in  the  weight  carried  as  will  soon  either  start  or  break  the  bolts.  The 
same  weight  of  iron  as  there  is  of  wood  would  be  very  much  more  effective  ; 
for  instance,  a  square  foot  of  teak  backing,  12  inches  thick,  will  weigh  as  much 
as  a  square  foot  of  plate  1  inch  thick,  and  a  4-inch  plate  laid  on  teak  is  not 
so  strong  as  a  5-inch  plate  without  it.  There  is  not  only  25  per  cent, 
more  inertia  of  plate  to  oppose  the  momentum  of  the  shot,  but  there  is 
also  25  per  cent,  greater  depth  of  beam,  so  to  speak,  to  resist  the  bending 
or  bulging  of  the  under  side,  as  it  is  evident  that  before  the  wood  backing 
can  be  of  any  support  to  the  plate,  the  plate  must  have  already  yielded  by 
bulging,  and  been  injured  to  a  corresponding  extent.  The  information 
derivable  from  experiments  made  by  the  Admiralty  tends  to  show  this;  but 
any  one  may  test  it  by  an  experiment  on  a  small  scale  scale,  as  follows : — 
Take  a  rod,  weighing  say  J  cwt.,  having  one  end  tapered  and  rounded  off 
to  f  inch  diameter,  and  drop  it  perpendicularly  down  from  a  height  on 
the  plates  to  be  tried.  This  has  been  tried  with  the  following  results  : — 
When  the  length  of  fall  was  33  feet,  and  a  f -inch  plate  lay  on  another 
plate  of  same  thickness,  the  blow  indented  the  upper  plate  only  about 
Jjth  part  of  an  inch,  but  did  not  bend  it.  When  a  4-inch  teak  plank  was 
between  the  two  plates  the  indentation  was  a  full  J^th  of  an  inch  and 
the  plate  was  bent  |ths  of  an  inch  in  a  length  of  9  inches.  When  resting 
on  pine,  the  indentation  was  about  the  same,  but  the  curvature  of  plate 
was  about  30  per  cent.  more.  A  square  foot  of  teak,  at  recent  prices, 
costs  10s.  A  square  foot  of  plate,  1  inch  thick,  costs  only  3s.  4d.,  or  £9 
per  ton,  leaving  a  good  margin  for  extra  weight. 

Regarding  bulwarks,  the  lighter  they  are  the  better,  for  the  men  should 
not  be  exposed  on  deck  during  action,  and  a  light  rail  and  netting  is 
sufficient  to  protect  them  in  working  the  ship,  of  which  little  should  be 
required,  as,  instead  of  spars  and  a  mass  of  rigging — all  liable  to  be  shot 
away,  and  liable  to  foul  the  screw  and  endanger  the  ship — the  whole 
manoeuvring  of  the  ship  when  in  action  should  be  effected  by  the  ma- 
chinery. 

I  am  not  aware  of  the  cost  to  the  country  for  spars,  sails,  and  rigging, 
nor  for  wages  and  maintaining  of  crews  to  work  such  vessels ;  but  I  am 
certain  that  the  interest  of  the  money  which  might  be  saved  would  go  a 
long  way  to  pay  for  extra  coal,  of  which  the  only  extra  quantity  required 
would  be  in  moving  from  place  to  place.  In  action  sails  would  not  be 
used,  and  in  a  voyage,  if  time  was  of  no  moment,  a  reduction  in  speed 
would  greatly  reduce  the  cost  of  fuel.  At  all  events,  low  jury  masts,  built 
telescope  fashion,  and  capable  of  being  easily  lowered,  or  folded  level  with 
the  deck  previous  to  action,  are  what  I  would  recommend. 

To  conclude,  the  sum  of  matter  is,  if  vessels  are  to  be  protected  at 
all,  the  ends  require  it  as  much  as  the  centre.  As  to  backing,  there  should 
be  none,  or  only  as  little  as  is  requisite  to  bend  the  plates.  The  bulwarks 
should  be  light,  and  the  armour  thick. 
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ON     COAL. 
By  Waeington  W.  Smyth,  Esq.,  P.R.S. 

The  speaker  commenced  by  proposing  to  select  one  portion  only  of  a 
very  large  subject ;  and,  neglecting  chemical  and  statistical  and  mining 
particulars  with  reference  to  this  important  mineral,  to  confine  himself  to 
the  physical  conditions  under  which  it  is  found  to  occur.  The  enormous 
value  of  the  coal  of  this  country  might  be  understood  from  the  simple 
facts  that  nearly  300,000  of  our  fellow-subjects  find  their  employment  in 
the  coal-mines;  and  that  the  total  quantity  raised  in  1860  amounted  to 
no  less  than  eighty-four  millions  of  tons. 

Mr.  Smyth  then  proceeded  to  describe  the  nature  of  the  various  sub- 
stances with  which  the  coal  is  associated,  referring  to  specimens  on  the 
table  from  the  field  of  South  Yorkshire.  Comparison  was  made  between 
the  total  thickness  of  carboniferous  rocks  or  coal  measures  of  different 
districts,  as  well  as  between  the  total  thickness  of  coal  (in  the  aggregate 
of  the  seams)  ;  and  hence,  it  was  shown,  we  have  one  reason  for  not 
estimating  the  value  of  a  coal-field  merely  by  its  area,  as  we  find  it  laid 
down  in  a  geological  map.  Thus,  the  well-known  Durham \  field,  with  a 
thickness  of  measures  of  about  2000  feet,  has  a  total  thickness  of  coal  of 
50  feet.  The  Derbyshire,  2000,  and  almost  twice  the  thickness  of  coal  j 
the  North  Staffordshire,  6000  feet  of  measures,  and  130  of  coal ;  whilst 
the  South  Welsh  and  Saarbriicken  fields  exhibit  thicknesses  of  12  to 
15,000  feet,  with  a  proportionate  increase  (especially  in  the  latter)  of  coal. 

A  second  reason  for  mistrusting  area  as  a  criterion  of  the  importance  of 
a  coal-district,  is  the  various  forms  into  which  the  coal  measures  have 
been  thrown  or  moulded  by  agencies  operating  at  a  later  date  in  the 
earth's  crust,  whence  some  districts  may  exhibit  by  outcrops  an  indication 
of  the  full  amount  of  their  entire  contents,  whilst  in  others  the  beds  pass- 
with  a  gradual  inclination  beneath  newer  formations,  through  which  they 
may  nevertheless  be  accessible.  As  instances  of  this  were  quoted,  the 
vast  accession  of  mineral  wealth  added,  even  in  the  last  twelve  years,  to- 
the  Westphalian  coal-field,  by  the  explorations  carried  out  through  the 
covering  of  cretaceous  rocks  which  clothe  the  northern  side  of  the  coal- 
field, and  the  remarkable  pit  lately  completed  by  the  Duke  of  Newcastle, 
at  Shireoak,  which,  commenced  at  a  distance  of  several  miles  from  any 
visible  coal-measures,  pierced  the  new  red  sandstone  and  magnesian 
limestone,  and  reached  the  "  top-hard  "  coal  at  515  yards  in  depth. 

Mr.  Smyth  then  described  certain  physical  features  produced  in  the 
coal  seams  subsequently  to  their  consolidation,  such  as  the  cleat  and 
hades,  or  various  nearly  vertical  divisions,  often  more  or  less  filled  with 
carbonate  of  lime  or  iron  pyrites,  which  add  greatly  to  the  amount  of 
ash  and  clinker. 

In  referring  afterwards  to  the  principal  families  of  plants  which  are 
found  either  in,  or  associated  with,  the  coal,  he  wished  to  show  that 
their  occurrence  throws  a  light  on  the  origin  of  the  coal-seams,  which 
again  becomes  an  important  guide  in  enabling  us  to  judge  of  the  con- 
tinuity of  various  fields,  a  question  fraught  with  vital  importance,  itt 
consequence  of  the  rapid  rate  at  which  some  of  them  are  being  exhausted. 
Thus  the  position  of  the  stigmaria  in  the  under-clay  or  floor  of  the  seam, 
and  of  the  stems  of  sigillaria,  lepidodendron,  calamites,  &c,  in  the  roof 
strata,  point  to  the  probability  of  the  growth  of  the  vegetable  matter  in 
situ.  The  existence  of  numerous  upright  stems,  and  especially  those 
occurring  so  often  and  so  dangerously  to  the  miners  in  the  roof  of  certain 
coals,  is  a  strong  confirmation  of  the  gradual  depression  of  the  tract  in 
which  these  plants  grew  ;  and  Gdppert.has  shown  that  the  careful  exami- 
nation of  a  number  of  seams  proves  the  existence  in  the  coal  itself  of  every 
family  of  plant  which  has  been  met  with  in  the  coal  measures. 

Thus  much  had  referred  to  the  true  carboniferous  period,  in  which  it  is 
commonly  supposed  that  a  vigorous  vegetation  first  arose,  but  the  speaker 
described  his  finding,  a  few  months  since,  in  the  Laxey  lead  and  copper 
mine,  in  the  Isle  of  Man,  at  120  fathoms  deep,  a  seam  of  anthracite  coal, 
three  or  four  inches  thick,  in  the  midst  of  ancient  schists,  probably  Lower 
Silurian.  He  then  referred  to  coaly  and  lignitic  beds  in  newer  formations, 
and  more  particularly  to  the  tertiary  brown-coal,  which  in  continental,  and 
especially  in  Southern  Europe,  attains  to  great  importance.  The  excellent 
preservation  of  the  vegetable  remains  in  the  lignite,  has  enabled  Unger  and 
Heer  to  make  accurate  comparison  with  existing  floras,  and  to  show  that 
the  tertiary  flora  had  nothing  in  common  with  our  present  flora  in  Europe, 
but  an  extraordinary  resemblance  to  that  of  modern  North  America. 
This  was  especially  to  be  noticed  in  closely  similar  species  of  the  genera 
Liquid 'ambar,  IAriodendron,  Favia,  Nyssa,  Robinia,  Taxodium,  Sequoia* 
Juglans,  Gtycyrrhiza,  Cercis,  Laurus,  Rhododendron,  Cissus,  and  certain 
oaks  and  pines.  There  was  hence  no  retreating  from  the  conclusion,  that 
at  this  portion  of  the  tertiary  period  a.  land  communication  must  have 
existed  between  America   and    Europe.     Fragments  of  that   land,  with 
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Telics  of  the  same  tertiary  flora,  still  exist  in  Iceland  and  the  Azores, 
•with  their  surturlrand  and  lignites;  and  thus,  that  Atlantis,  which  is 
generally  set  down  as  a  dream  of  the  poets,  is  hrought  again  into  solid 
existence  by  the  studies  of  the  geologist.  A  relation  of  this  kind  at  a 
comparatively  recent  period,  throws  a  light  on  the  causes  of  phenomena 
belonging  to  an  earlier  epoch,  and  will  enable  us  to  form  conclusions,  if  not 
upon  the  absolute  contemporaneity  of  certain  beds  or  groups  of  coal 
measures,  at  all  events  upon  the  physical  connection  within  a  given 
period  of  the  agencies  which  were  forming  coal  not  only  in  the  various 
fields  of  Europe,  but  also  in  Xorth  America  :  and  the  speaker  concluded 
by  pointing  out  that  the  reasoning  on  the  continuity  among  one  another 
of  our  British  coal-fields,  or  of  them  with  those  of  Belgium  and  North 
France,  depends  on  somewhat  complex  data,  which  scientific  investigation 
can  alone  afford. 

Specimens  of  Coal  and  Shale  from  Steafeoed  Collieries. 


No. 


1 
2 

9 

4 

5 

6 

7 

8 

!i 

lo 
11 
IB 
12a 
13 

H 
16 

ie 

i- 

18 
1!) 
20 
21 
22 
23 
■j  i 
•J.". 
26 
37 
98 
28 
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Order  of  Minerals  from  Surface. 


Black  Shale  above  Joan  Coal  

Joan  Coal   

Bottom  of  Joan  Coal 

Spavin — Floor  of  Joan  Coal 

Black  Rust 

Shale— Roof  of  Flockton  Coal 

Shalt- — Top  of  Flockton  Coal 

Spavin — Floor  of  Flockton  Coal 

Roof  of  Channel — Bastard  Shale    

Top  of  Channel  Coal 

Coal  and  Spavin 

Black  Spavin  

Cank  Stone 

Shale  .'5  ft.  above  Fenton  Coal 

Shale  2  ft.  above  Fenton  Coal 

Lin.  above  Fcnton  Coal   

Spavin — Roof  of  Fenton  Coal 

Fenton  Coal  (top) 

Boof  of  Parkgate  Coal  

I 
Shale  at  top  of  Parkgate  Coal 

Top  part  of  ditto    

Bottom  part  of  Parkgate,  Top  Bed 

Spavin — Middle  of  ditto  

Pstrkgote  bottom  bed    

Blacli  Bind 

IsOIMtOBe— ■  Silk-tone  Black  Mine"... 

Coal — "  Black  Mine"    

Stone  Hind — top  of  Silkstone  

Bfau  Band  and  top  of  Silkstone  Coal.. 

Top  part  of  ditto    

Dirt  from  middle  of  ditto    

Bottom  ];••!  -siiUiom-    

Stone  Bind   -Flooi  of  ditto      


Thickness. 


Yds. 


1 

0 

1 

8 

1 

7 

■-. 

0 

4 

2 

til 

... 

I 

2 

-\ 

Depth  below  Sur- 
face at  Strafford 
Colliery. 


Yards. 
30i- 

53i 


86 

BByda  lft.  2in. 

103 


107 

131  \ 
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Nov.  H,  1862— -Inns    ft,    M «LbAS,  BJQ.,  VlOS-P    I  ,  in  tin-  chair. 

Before  conmeaemg  the  busmen  of  the  evening  on  this,  tbe  tir-t  • 
of  the  session,  and  in  the  absence  of  the  president,  the  chairman  said  il 
was  his  duty  to  notice  the  loss  the  mstitnsian  had  sastained  by  the  death, 
during  the  recess,  of  two  of  its  raosl  euilneul  mamhers,  Mr.  John  Edward 
Errington,  vice-president  ;  and  Mr.  James  Walker,  past  president. 


For  upwards  of  thirty  years,  and  indeed  ever  since  the  introduction  of 
the  railway  system,  Mr.  Errington  occupied  a  prominent  position  as  an 
engineer,  and,  in  conjunction  with  Mr.  Locke,  executed  some  of  the  prin- 
cipal railway  works  in  Great  Britain.  He  was,  like  his  partner,  Mr. 
Locke,  a  strong  advocate  for  economy  in  the  first  cost  of  construction.  By 
his  death  the  profession  had  lost  one  of  its  most  distinguished  members, 
the  institution  one  of  its  warmest  supporters,  and  many  of  us  a  sincere 
friend,  and  one  ever  ready  to  afford  advice,  especially  to  his  numerous 
pupils  and  assistants,  whose  interests  it  was  his  constant  endeavour  to 
advance.  As  many  of  his  pupils  were  actively  engaged  in  the  practice  of 
the  profession,  and  had,  through  his  influence,  been  enabled  already  to  take 
good  positions,  the  chairman  expressed  the  hope  that  they  would  feel  it  a 
duty,  no  less  than  a  pleasure,  incumbent  upon  them,  to  communicate  plans 
and  descriptions  of  the  works  of  their  eminent  masters,  and  so  keep  alive 
the  memory  of  "  Locke  and  Errington "  in  the  Institution  of  Civil  En- 
gineers. Mr.  Errington  had  proved  his  attachment  to  the  institution,  and 
his  desire  to  see  it  prosper,  by  bequeathing  to  it  the  sum  of  £1000,  free  of 
legacy  duty,  and  without  attaching  any  condition  whatever  to  the  gift. 

Mr.  Walker  was  one  of  the  oldest  members  of  the  profession,  having 
been  in  active  practice  as  an  engineer  for  upwards  of  sixty  years.  He  was 
also  one  of  the  earliest  members  of  the  institution,  having  joined  it  in  the 
year  1823,  and,  after  the  death  of  Mr.  Telford,  became  its  president.  For  a 
period  of  eleven  years,  during  which  he  so  ably  conducted  its  proceedings 
in  that  capacity,  he  was  most  devoted  to  its  interests,  and  to  his  zeal  and 
energy  must  be  greatly  attributed  the  eminent  position  it  held  on  his 
retiring  from  the  chair  in  1845.  Mr.  Walker's  name  was  associated  with 
many  of  the  greatest  hydraulic  works  in  England  and  Scotland,  including 
lighthouses,  harbours,  bridges,  embankments,  and  drainage.  His  opinion 
was  much  valued  by  the  elder  brethren  of  the  Trinity  House,  by  the  Lords 
of  the  Admiralty,  and  by  the  Corporation  of  the  City  of  London,  and  it 
must  not  be  forgotten,  especially  at  the  present  moment,  that  twenty 
years  ago  he  laid  down  lines  for  embanking  each  side  of  the  River  Thames, 
which  have  never  been  improved.  As  the  chairman  had  had  the  privilege 
of  being  in  Mr.  Walker's  employment  for  many  years  prior  to  1844,  lie 
had  an  opportunity  of  knowing  his  worth,  and  must  express  his  gratitude 
for  many  acts  of  kindness,  and  state  that  it  was  Mr.  Walker's  constant 
endeavour  to  promote  the  interests  of  himself  and  others.  Many  members 
of  the  profession  had  also  been  trained  in  the  same  school,  including 
Barges,  Bidder,  Hawkshaw,  Borthwick,  and  Hartley.  During  his  long 
and  useful  career  he  had  secured  the  admiration  and  respect  of  numerous 
influential  friends,  as  well  as  the  regard  of  his  professional  brethren. 

The  chairman  had  much  gratification  in  announcing,  that  Mr.  Walker 
having  left  at  Mr.  Burges'  disposal  the  twenty-live  remaining  copies  of 
"Telford's  Life  and  Works,"  as  well  as  the  copyright  and  the  copperplates, 
Mr.  Burges  had,  in  the  most  handsome  and  liberal  manner,  presented  them 
to  the  institution. 


ON  THE  RAILWAY  SYSTEM  OF  GERMANY. 

Bi  Mb.  Robebi  Cuwvroun,  Assoc.  Inst.  C.E. 

It  was  stated  that  in  Germany,  as  in  England,  tramways  had  formed  the 
germ  from  which  subsequent  enterprise  developed  the  vast  network} of 
railway-  now  extending  throughout  the  length  and  breadth  of  the  land. 
The  oldest  of  these  undertakings  originated  in  a  fifty  yean'  "privilege," 
granted  by  th.'  Austrian  Government  uptfu  tbe  7th  of  September,  1824, 
for  tbe  construction  of  a  tine  from  Budweiis,  in  Bohemia,  to  opposite  Linz, 
on  the  Danube  a  distance  of  upwards  ol  BO  English  miles.  Subsequently, 
a  concession  was  obtained  for  a  line  from  I, in/,  to  Gmttnden,  i-|.  miles. 
The  coal  of  tbeBadweiss,  Linz,  and  Gmtinden  line  was  about  84877  per 
mile.  The  gauge  was  :;  feel  7  inel  es,  and  it  was  worked  by  horses  until 
is.".1,  when  small  locomotive  engines  were  employed,  first  upon  a  portion 

of  the  line,  and  in  the  following  year  upon  the  entire  length. 

A  proposal    to   adopt    itt   I  n    ..-   a    motive  power,  instead  of  DOTS!    lilmiir, 

was  carried  into  effect  for  tbe  fffst  time  in  Germany  in  the  case  of  a -rail- 
way, 1  miles  in  length,  from  Suremh  Fflrth,  wbibh  was  opened  for 
public  traffic  on  the  71  mber,  1835.  Thus  Germany,  possessing  at 
the  close  of  the  v.-ar  I  s;;.-,  apwan  of  tramways,  had  op  to  tbe 
same  time  only  t  miles  of  railway  properly  so  called,     In  the  five  following 

■  ■  re  introduced  it  ts  ol  tbe  country,  so  that"  at  the 

olose  of  is  in  there  were  tv.  elve  t  i  her  wholly  or  in  part  finished, 

with  a  total  length  opened  In  the  next  ten  years  this  bad 

increased  to  1,487  of  1860  to  8,612 miles  j  and  at 

the  end  of  1861   i  -■  been  constructed,  at  an  average 

•  per  mile.  fourth  of  1  be  enl  in    li  rig!  b   wni 

provided  « ith  d  -  per  cent,  of  t  be  exi 

lines  '  the  property  oPcompanii  . 
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applied  after  the  engine  had  run  its  first  46,109  miles,  and  subsequently 
worked  by  Government  ;  and  511  per  cent,  the  property  of,  and 
worked  by  private  or  joint-stock  companies.  Further,  it  appeared  that 
39|  per  cent,  of  the  entire  length  was  constructed  by  the  different  States  ; 
24f  fry  companies  under  a  guarantee  of  interest,  or  a  Government  sub- 
vention; and  35f  per  cent,  by  companies  at  their  own  cost  and  risk ;  so 
that  Government  aid  had  been  granted,  directly  or  indirectly,  to  nearly 
two-thirds  of  the  entire  system.  These  8866  miles  of  railway  comprised 
62  different  undertakings,  as  at  present  constituted,  under  as  many  dif- 
ferent organisations,  and  were  managed  by  19  Government  departments 
and  43  boards  of  directors. 

At  the  close  of  the  year  1861  Germany  had,  in  addition  to  the  railways, 
about  143  miles  of  tramways,  constructed  at  an  average  cost  of  £3200  per 
mile. 

With  a  view  of  establishing  a  common  plan  of  action,  and  of  regulating 
to  a  certain  extent  the  relations  of  the  different  railway  companies  with 
each  other,  a  society  was  formed  in  the  year  184V  under  the  title  of  "  The 
Association  of  Government  Railway  Directions,"  which  now  embraced  the 
whole  of  the  lines  with  very  unimportant  exceptions.  Each  company  sub- 
scribed a  fixed  sum  towards  the  general  management  fund,  together  with  a 
variable  amount  depending  upon  its  length,  and  was  represented  at  the 
meetings  of  the  association  and  in  the  debates  in  proportion  to  its  import- 
ance. A  code  of  laws  had  been  drawn  up  and  agreed  to,  which  was 
revised  from  time  to  time,  the  rules  expressing  the  decided  opinion  of  the 
associated  body  upon  all  points  usually  involved  in  the  construction  and 
working  of  railways.  The  gauge  was  now  universally  throughout  the 
country  4  feet  81  inches.  With  regard  to  curves  and  gradients  the  rules 
laid  down  were — First,  the  radius  of  curvature  should,  if  possible,  not 
be  less  than  3600  feet  in  level  land,  nor  than  2000  feet  in  hilly 
districts,  except  in  particular  instances,  where  it  might  be  necessary 
to  reduce  it  to  1200  feet,  or  even  in  very  rare  cases  to  600  feet, 
but  never  less.  Second,  the  general  scale  of  maximum  gradients 
admissible  on  railways  was  1  in  200  in  level  districts,  1  in 
100  among  hills,  and  1  in  40  on  mountain  lines.  Several  examples  of 
sharp  curves  upon  works  already  executed  were  then  noticed.  The 
increased  power  of  locomotive  engines  had  led  to  a  severer  character  of 
ruling  gradients  being  introduced  than  was  formermy  contemplated,  and 
there  were  ample  proofs  in  every  part  of  the  country,  that  the  limits 
recognised  at  present  as  suitable  for  the  working  of  locomotives  had  been 
reached.  Many  instances  were  then  given  of  steep  gradients  and  sharp 
curves,  including  a  particular  account  of  the  Semmering  railway,  and  of 
the  mode  of  working  it.  As,  however,  a  description  of  this  railway  had 
been  brought  before  the  Institution  by  Mr.  C.  R.  Drysdale,  in  the  year 
1856  (Minutes  of  Proceedings  Inst.  C.E.,  Vol.  xv.,  p.  349),  it  would  suffice 
to  say,  that  the  experience  derived  from  the  working  of  the  line  went  to 
snow,  that  one  of  the  goods'  engines  was  capable  of  drawing  up  the 
inclines  of  1  in  40,  at  the  rate  of  91  miles  per  hour,  a  train  whose  gross 
weight  varied  from  100  to  165  tons,  according  to  the  state  of  the  rails  and 
of  the  weather  at  the  time.     The  ordinary  rate  of  speed  was  fixed  at— 


Ascending. 

Descending. 

Miles  per  hour. 

Miles  per  hour 

For  express  trains 

1U 

161 

„    ordinary  passenger 

111 

Ml 

„    goods,     including     military 

transport 

91 

91 

The  maximum  number  of  trains  which  had  passed  over  the  line  in  one 
day  was  72,  counting  both  ways.  This  was  during  the  Italian  war.  The 
ordinary  number  was  27,  with  from  seven  to  eight  carriages  each.  The 
line  was  about  271  miles  in  length,  was  laid  with  a  double  way  through- 
out, and  had  cost  £98,270  per  mile. 

It  appeared  to  be  a  general,  although  not  a  universal  plan,  in  the  case 
of  all  main  lines,  to  prepare  the  earthworks  and  masonry  for  a  double 
way  throughout,  but  not  to  lay  the  second  line  of  rails  until  the  success  of 
the  undertaking  and  the  requirements  of  the  traffic  demanded  it.  Some 
of  the  heaviest  earthworks  executed  up  to  the  present  day  were  then 
alluded  to,  including  one  on  the  Southern  State  Railway  of  Bavaria,  the 
greatest  height  of  which  was  172  feet,  and  which  contained  nearly 
3,000,300  cupic  yards  of  material.  A  list  of  the  largest  tunnels  on  the 
principal  lines  was  next  given. 

Viaducts  and  bridges  were  treated  under  two  headings  : — first,  bridges 
composed  altogether  of  masonry,  and  second,  iron  bridges.  The  views  of 
the  Associated  Railway  Directions  on  bridge  building  were, — 1st.  For 
bridges,  arches  of  stone  or  good  bricks  were  preferable  to  every  other 
description  of  structure,  except  in  cases  which  required  very  oblique 
bridges.  2nd,  Timber  bridges  were  inadmissible.  3rd,  When  iron 
bridges  were  made  use  of,  the  portion  of  the  structure  which  sustained 
the  roadway  should  consist  either  of  wrought  or  rolled  iron.  Thus  cast- 
iron  bridges  as  well  as  timber  ones  were  removed  from  the  field  of 
investigation,  the  former  by  negation,  and  the  latter  by  direct  con- 
demnation. 


Instances  were  then  adduced  and  details  given  of  several  examples  of 
stone  viaducts  and  bridges  of  imposing  dimensions  and  extent,  including 
those  over  the  Goeltzsch  and  the  Elser  Valleys,  on  the  railway  from 
Leipzig  to  Hof, — and  the  Neisse  Viaduct  on  the  railway  from  Kohlfurth. 
to  Goerlitz,  in  Prussia.  The  result  of  a  series  of  experiments,  for  the 
purpose  of  ascertaining  the  best  description  of  concrete  to  be  placed 
round  the  foundations  of  the  river  piers  in  the  latter  case,  give  the  propor- 
tions most  suitable  for  yielding  a  quick  setting,  hard  concrete  at  22  per 
cent,  of  cement,  22  of  sand,  and  56  of  small  broken  stones,  not  exceed- 
ing 2  inches  diameter.  In  regard  to  the  bridge  over  the  River  Neckar, 
on  the  railway  from  Frankfort-on-Maine  to  Heidelberg,  it  was  stated  that 
the  depth  of  the  keystone  was  somewhat  over  the  minimum  required  both 
by  Desjardin's  formula  and  by  that  of  Gauthey ;  but  on  the  other  hand  it 
was  so  out  of  proportion  with  the  huge  thickness  obtained  from  the- 
method  of  Perronet,  as  to  prove  the  total  unfitness  of  this  system  for 
calculating  cases  similar  to  the  one  in  question.     Thus  the 

Metres. 

Neckar  Bridge  as  actually  built  had  a  depth  of       l-20O 

„  according  to  Gauthey's  formula  it  required    .     .     P125 

„  ..,         Desjardin's  „  1-140 

„  „         Perronet  „  3-241 

In  the  case  of  wrought  iron  bridges  the  arrangement  most  usually- 
adopted,  when  the  spans  were  wide,  was  that  of  a  lattice  construction  in 
some  one  of  its  various  modifications.  One  of  the  earliest  examples  which, 
was  described  in  detail,  was  the  bridge  over  the  river  Kinzig,  at  Ofl'enburg, 
on  the  Baden  State  railway,  in  which  it  was  considered  that  the  arrange- 
ment of  the  material  was  not  judicious,  as, — 1st,  The  dimensions  of  the 
ironwork  were  uniform  throughout  the  length  of  the  span.  2nd,  Although 
a  stronger  lattice  construction  was  adopted  in  the  case  of  the  central 
girder,  still  the  top  and  bottom  sections  were  of  similar  dimensions  to  the 
outside  ones ;  and  3rd,  The  cross  sectional  area  of  the  iron  had  not  been 
properly  proportioned  to  its  different  powers  to  resist  compression  and 
extension,  where  those  forces  acted.  The  bridge  over  the  river  Vistula,, 
at  Dirschau,  on  the  Eastern  railway  of  Prussia  was  next  referred  to.  It 
consisted  of  six  spans,  each  397  feet  6  inches  in  the  clear,  the  depth  of  the 
girders  being  38  feet  9  inches,  and  the  whole  of  the  material  in  the  super- 
structure being  carefully  proportioned  to  the  nature  of  the  strains  to 
which  it  would  be  exposed.*  The  Marienberg  bridge  over  the  river  Nogat, 
on  the  same  railway,  was  likewise  minutely  described.  The  next  examples 
selected  were  those  over  the  Rhine,  at  Cologne  and  at  Kehl,  close  to  Stras- 
burg ;  in  the  latter  case  the  method  adopted  in  constructing  the  founda- 
tions progressed  at  the  rate  of  about  20  inches  per  day  of  twenty-four 
hours. 

In  addition  there  was  also  another  bridge  over  the  Rhine  at  Mayence... 
which  consisted  of  thirty-two  openings,  having  together  a  clear  waterway 
of  3,134  feet  6  inches  lineal  measure.  The  ironwork  in  the  superstructure 
was  somewhat  similarly  arranged  to  that  of  the  Saltash  bridge,  modified  in 
some  particulars  as  to  the  cross  sectton  and  the  form  in  which  the  material 
was  applied,  according  to  what  wras  known  in  Germany  as  the  system  of 
Professor  Pauli,  of  Munich,  which  gave  a  rectangular  top  to  the  beam 
instead  of  an  oval  one.f 

Attention  was  then  directed  to  the  Permanent  Way.  It  appeared  that 
about]seven-eighths  of  the  rails  in  use  were|of  the  broad  base,  or  contractor's 
pattern ;  the  remaining  one-eighth  being  composed  chiefly  of  chair  rails,, 
with  a  small  proportion  of  bridge-shaped  ones.  As  to  size,  the  rails  were 
not  less  than  41  inches  in  height  by  2%  inches  width  of  head,  and  the  sur- 
face was  curved  to  a  radius  of  from  5  to  7  inches.  They  weighed  generallv 
from  66  to  76  lbs.  per  yard.  Fish-plates  were  now  almost  universally- 
adopted  for  connecting  the  ends  of  the  rails,  and  the  joints  were  always 
supported  ty  a  sleeper ;  a  wrought-iron  chair  being  interposed  between  the 
rail  and  the  timber.  Recently,  a  trial  had  been  made  of  the  modern 
English  system  of  leaving  the  joint  free  without  any  sleeper  under  it.  The- 
almost  universal  system  of  supports  was  that  of  cross-sleepers.  They  were 
of  oak,  where  it  could  be  procured  at  a  reasonable  price;  but  different 
descriptions  of  larch  and  fir  were  often  used  after  being  prepared  by  some 
chemical  process  to  resist  the  tendency  to  decay. 

The  quantity  and  description  of  rolling  stock  in  use  on  different  railways- 
in  Northern  and  Southern  Germany  varied  greatly ;  but  as  nearly  as  could 
be  estimated  at  the  close  of  the  year  1861  there  were 

Locomotive  engines  .... 
Passenger  carriages,  average  41'8  seats  each  . 
Goods  trucks,  average  lead  6'9  tons      .  . 

Before  any  engine  was  permitted  to  be  used,  its  boiler  must  be  tested  with 
hydraulic  pressure  to  at  least  one-and-a-half  times  the  maximum  steam 
pressure  which  it  was   intended  to  sustain,    and  a  similar  test  must  be 

*  For  further  detailed  particulars  and  illustrations  of  this  bridge,  ride  Artizan  Ex. 
hibition  Supplement,  No.  2,  August,  1862. 

t  A  full  description  and  illustrations  of  this  bridge  will  be  found  in  No.  1,  Artizax 
Exhibition  Supplement,  July  15th,  1862. 


0-414  per  English  mile. 
0-807  „ 
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repeated  every  time  an  additional  36,887  miles  had  been  made.  The  rate 
of  speed  was  usually,  for  express  trains,  from  27  to  35  miles  an  hour,  for 
ordinary  passenger  trains  from  20  to  25  miles,  and  goods  trains  from  10 
to  15  miles  per  hour,  in  each  case  exclusive  of  stoppages. 


Nov.  18,  1862. 

In  the  discussion  upon  Mr.  Crawford's  paper  on  "  The  Railway  System 
of  Germany,"  it  was  observed  that  the  paper  contained  an  interesting 
description  of  various  railway  structures  rather  than  treated  of  the  German 
system  of  railways.  The  German  system  of  construction  was,  in  general, 
no  more  than  adopting,  in  a  greater  or  less  degree,  the  plans  which  had 
been  found  successful  in  this  country,  with  such  modifications  as  the  cir- 
cumstances required ;  but  their  works  would  not,  as  a  rule,  bear  comparison 
with  those  in  England.  For  instance,  the  viaducts  built  from  the  designs 
of  Mr.  J.  Miller,  M.  Inst.  C.E.,  upon  the  Glasgow  and  Dumfries  Railway, 
were  still  unequalled  in  Europe  for  boldness  of  conception  and  excellence 
of  workmanship,  and  in  Lancashire  there  were  viaducts  100  feet  in  height, 
and  in  other  places  150  feet  in  height ;  and  in  all  these  cases,  instead  of 
consisting  of  tier  upon  tier  of  arches,  as  was  the  practice  on  the  Continent, 
there  was  only  one  tier  of  arches.  With  regard  to  the  Dirschau  and  the 
Marienberg  bridges,  their  mathematical  construction  had  been  admitted  to 
be  faulty,  there  being  a  want  ot  due  proportion  between  the  several  parts, 
and  their  cost  had  certainly  not  been  less  than  £45  per  ton. 

One  of  the  most  remarkable  examples  of  engineering  on  the  Continent 
had  not  been  noticed.  This  was  the  line  from  Cologne  to  the  Prussian 
frontier,  between  Verviers  and  Liege.  It  was  constructed  at  an  early 
period  in  the  history  of  railways,  abounded  in  rapid  curves,  and  comprised 
an  extraordinary  series  of  tunnels  and  viaducts. 

When  Mr.  Vignoles,  thirty  years  ago,  laid  out  the  railway  from  Bruns- 
wick to  the  foot  of  the  Hartz  Mountains,  he  introduced  what  was  termed 
in  this  country  the  "  Contractor's  Rail,"  but  what  was  better  known  in 
America  and  all  over  the  Continent  as  the  "  Vignoles'  Rail."  At  the 
same  time,  he  strongly  advocated  the  plan  of  fishing  the  joints  first 
adopted  in  Germany. 

The  great  principles  which  characterised  the  German  system  of  railways 
were  the  simplification  of  the  permanent  way  and  the  perfection  of  their 
statistics.  All  the  companies  were  compelled,  as  in  France,  to  give  posi- 
tive returns,  under  specific  heads,  of  every  detail  of  expenditure,  and  as 
these  were  published  annually,  the  companies  were  brought  into  a  whole- 
some competition  for  the  reduction  of  the  working  expenses  to  a  minimum. 
A  recent  inquiry  showed  that  the  expenses  per  train  mile  on  two-thirds  of 
all  the  German  railways  were  within  a  fraction  of  each  other.  Although 
it  would  be  advantageous  to  follow  the  same  plan  in  this  country,  as  by 
tracing  every  item  of  expenditure  to  its  source  it  would  readily  be  seen 
where  economy  could  be  effected,  yet  it  was  believed  that  the  average 
expenses  per  train  mile  were  less  in  Great  Britain  than  in  Germany,  or 
indeed  on  the  Continent  generally.  Late  returns  showed  that  on  the 
Simmering  Railway  the  working  expenses  exceeded  the  receipts,  so  that 
however  advontageous  that  railway  was  to  the  Austrian  Government,  it 
was  unprofitable  as  a  speculation.  The  absence  of  preliminary  and  par- 
liamentary expenses,  and  the  possibility  of  obtaining  land  at  its  mere 
agricultural  or  town  value,  instead  of  paying  an  exorbitant  price  for  it,  led 
to  economy  in  first  cost.  But,  on  the  other  hand,  in  no  part  of  the  world 
could  work  be  done  so  cheaply  as  in  England,  whether  measurement  or 
weight  of  material  were  taken  as  the  standard  of  comparison. 

It  was  believed  that,  owing  to  the  small  cost,  comparatively,  per  mile, 
dm'  to  the  causes  which  had  been  mentioned,  and  to  the  absence  of  com- 
petition, arising  possibly  from  the  facl  that  Government  had  contributed 
aid,  either  directly  or  indirectly,  to  two-thirds  of  the  entire  system,  ( iennan 
railways  were  destined  to  pay  a  remuni  rative  interest  to  their  shareholders. 
Until  quite  lately,  Parliamentary  Committees  in  this  country  appeared  to 
consider  that  unlimited  competition  was  beneficial;  hut  experience  had 
now  proved  that  it  was  not  desirable  for  the  publie,  and  certainly  not  for 
the  shareholders.      It  was  admitted  that   Statistical  returns  were  invaluable  I 

to  Railway  Companies,  as  enabling  the  directors  and  officers  to  trace  the 

of  each  individual  part  of  their   system,  it    might    be  through  B  series 

of  years,  and  thus  at  once  detect  anj  excess  of  expenditure,  Bnt  the 
Utility  of  the  publication  of  such  returns  was  very  questionable,  as  it  was 
impossible  fairly  to  contrast  the  details  of  the  cost  of  one  system  with  those 
of  another,  without   being  lulls  acquainted   with  all   the  circumstances 

affecting  th -i    in  each   case.     For  instance,  on   some  portions  of  the 

North  Eastern  Railway,  the  expenditure  per  mile  amounted  to  Dearly  so 
per  cent,  of  the  receipts,  whereas  on  others  it  did  not  exceed  a  minimum  of 
in  per  cent.  Within  any  particular  system,  where  all  the  facts  were 
known,  such   comparisons  could   be  properly  made,  bnt   as  between   two 

different  companies,  where  th tuditions  were  dissimilar,  they  nould  be 

worse  than  useless,  ns  being  calculated  I  •  mislead  t bose  «  ho  placed  reliance 
on  them.  It  was  mentioned  that  comparative  statements,  prepared  with 
great  ability  from  exactly  the  same  data,  of  the  working  expenses  of  the 
two  companies  resulted  in  dedn  ig  drawn  i  reverse  of 


the  facts.  The  rules  of  "  The  Association  of  Government  Railway 
Directions,"  as  to  gradients  and  curves,  were  commented  upon,  as  practi- 
cally amounting  to  nothing;  and  the  condemnation  of  the  use  of  cast 
iron  for  bridges  seemed  to  be  without  sufficient  reason,  as  there  were 
many  admirable  examples  of  the  use  of  that  material  for  railway  bridges. 

It  was  remarked  that,  some  years  ago  a  curve  of  seven  chains  radius 
had  been  laid  down  on  a  line  in  this  country,  and  the  trains  were  cal- 
culated to,  and  did  run  round  it  at  the  rate  of  25  miles  an  hour ;  and  if 
circumstances  required  it,  there  was  no  reason  why  curves  of  300  feet 
radius  should  not  be  adopted.  With  regard  to  gradients,  particular 
districts  seemed  fitted  for  certain  inclinations  :  thus,  for  instance,  in  the 
West  of  England  1  in  70  or  1  in  80,  and  in  other  places  1  in  100,  only 
could  be  obtained,  except  at  a  greatly  increased  outlay.  The  speed  on 
German  railways  appeared  to  be  lower  than  was  necessary.  On  the 
Semmering  Railway  the  express  trains  were  limited  to  14  miles  an  hour 
both  in  ascending  and  descending  gradients  of  1  in  40.  It  was  asserted 
that  this  speed  might  be  doubled  with  safety,  and  that  the  cost  of 
working  up  the  Lickey  incline  at  28  miles  an  hour  was  not  greater  than 
at  15  miles  an  hour.  From  1840  to  1845,  the  speed  on  that  incline  was 
15  miles  an  hour  with  passenger  trains  of  seven  or  eight  carriages ; 
whilst  from  1845  to  1855,  owing  to  an  increase  of  traffic,  the  trains  were 
composed  of  from  ten  to  twelve  carriages,  and  they  were  conveyed  up  the 
incline,  at  from  28  to  30  miles  an  hour,  at  no  greater  practical  cost. 

It  was  observed  that,  so  far  back  as  the  year  1848,  the  German  govern- 
ments had  taken  to  the  belief,  that  a  special  education  for  engineers  of 
all  classes — mechanical  and  civil — was  one  of  the  first  duties  of  a  govern- 
ment- At  that  time  there  were  regular  colleges  for  the  training  of  skilled 
workmen,  and  for  the  education  of  civil  engineers,  in  most  of  the  great 
cities  of  Germany.  By  these  means  a  set  of  thoroughly  educated  young  men 
was  prepared,  ready  to  acquire  practical  knowledge  and  to  turn  it  to  account,, 
in  a  very  short  period  of  time.  One  result  of  this  system  had  been,  that 
whereas  English  locomotive  engines  were  at  first  copied  implicitly,  the- 
German  engineers  gradually  took  to  making  the  designs  for  themselves, 
and  to  depart  more  and  more  from  the  established  patterns,  so  that  now, 
on  most  of  the  principal  lines,  the  engines  were  made  exclusively  in  Ger- 
many, in  some  cases  at  a  less  cost  than  in  this  country,  and  it  was  said 
that  a  Berlin  firm  had  recently  tendered  successfully  for  locomotive  engines 
required  in  England. 

In  regard  to  management  and  economy  of  working,  it  was  maintained 
that  the  public  convenience  was  less  consulted  on  German  railways  than  on 
English  lines ;  there  were  fewer  trains,  the  speed  was  very  much  slower, 
and  the  stations  were  further  apart.  The  rate  of  fares  in  Germany  had 
not  been  stated,  but  it  was  believed  that  for  the  transport  of  goods  and 
minerals  the  charges  were  higher.  These  were  elements  why  larger  divi- 
dends were  realised  on  comparatively  smaller  capitals. 

To  this  it  was  replied  that  in  Westphalia,  the  centre  of  German  industry, 
as  many  trains  ran  as  on  some  English  lines,  and  the  speed  of  the  express 
trains  was  10  miles  an  hour. 

With  respect  to  the  construction  of  German  railways,  it  was  believed 
that  the  earliest  lines  in  Germany  were  offshoots  from  the  schools  of  mines 
in  that  country  ;  and  though  they  had  no  doubt  taken  the  first  ideas  of 
railways  from  their  great  projector,  George  Stephenson,  yet  they  had  been 
carried  out  by  themselves;  and  that  the  earliest  example  of  in  iron  lattice 
bridge  was  that  across  the  Elbe  at  Magdeburgh,  the  wooden  lattice  having 
been  previously  adopted  in  America. 

The  growing  prominence  of  Germany  in  the  industrial  arts  was  attri- 
buted mainly  to  the  system  of  technical  education,  particularly  of  engineers, 
which  prevailed  there;  and  it  was  argued  that  the  distance  between  the 
English  and  I  ■erman  engineers  was  an  increasing  one  in  favour  of  the  latter, 
as  was  deemed  to  be  evidenced  by  the  superior  character  of  the  continental 
machinery  in  the  International  Exhibition. 

One  of  the  reasons  why  German  railways  had  been  executed  so  cheaply 
was  attributed  to  the  population  supplying  an  excellent  industrious  class. 
and  to  the  works  not  being  pushed  forward  so  hurriedly,  by  which  tin 
price  of  labour  was  artificially  raised.  Throughout  Prussia  the  cost  of  the 
earthworks  did  not  exceed  from  8d.i  >9d.  per  cubic  yard,  the  German 

navvy  receiving  only   l.v.  ('»/.  per  day.      Wry  little  plant   was  employed,  the 

ban ow  runs  were  longer,  and  the  embankments  were  chiefly  executed  in 

that  way,  instead  of  bj  tipping  from  waggons  from  a  great  height,  which 
might  account   foi  their  assumed  superiority. 

In  conclusion  it  was  submitted,  that   with    il  venturing  to  depreclatt 

that   which  was  a  valuable  adjunct  tO  practical  men  of  all  classes,  yet  undue 

importai must   not   be  attached  to  mere  technical  education,  in  contra* 

distinction  to  that  practical  knowledge  which  it  was  essential  the  engineei 
should  bring  to  bear  in  the  exercise  of  bis  profession.  The  bistorj  of 
engineering  ihowed  thai  the  works  which  reflected  the  highest  honour  on 
this  country  had  been  carried  out  by  men  who  had  not   receiveda  special 

education,  out  who,  being  po  ■> 1  ot  great   natural  genius,  were  enabled 

to  iii  i  ,.'i .  i"i  ige  of  the  national  resources  and  peculiarities  in  such  a  way 
i    to  bring  the  profession  to  the  high  pitch  J,  an 

■     ■ 
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ON  THE  UTILIZATION  OF  PEAT,  WITH  REFERENCE  MORE  PAR- 
TICULARLY TO   THE  MANUFACTURE  OF  HYDRO-CARBON  OILS* 

By  B.  H.  Paul,  Ph.  D. 

The  application  of  peat  to  some  useful  purpose,  is  a  subject  which  has,  at  various 
times,  attracted  considerable  attention  ;  a  vast  amount  of  inventive  ingenuity 
has  been  bestowed  upon  it ;  it  has  given  rise  to  very  sanguine,  and  I  may  say, 
in  some  cases,  very  aggravated  expectations,  and  as  a  natural  consequence  it 
has  been  a  source  of  proportionate  disappointment.  Notwithstanding  the  num- 
erous attempts  and  proposals  that  have  been  made  for  utilizing  peat,  very  little 
has  been  done  as  to  inquiring  into  and  elucidating  what  are  really  its  capabili- 
ties and  disabilities  as  a  material  for  use  in  the  arts.  But  a  knowledge  of  these 
circumstances  is  an  essential  preliminary  to  any  successful  application  of  it,  and 
I  hope  to  be  able,  in  some  degree,  to  contribute  to  the  acquisition  of  such  a 
knowledge  by  bringing  before  this  Society  the  results  of  several  years'  practical 
experience  in  the  prosecution  of  this  subject. 

Taking  for  granted  that  the  existence  of  enormous  deposits  of  peat  in  various 
parts  of  the  kingdom  is  sufficient^'  well  known,  and  having  regard  more 
especially  to  its  technical  value,  it  will  be  unnecessary  for  me  to  enter  into  any 
consideration  of  the  origin  and  formation  ®f  peat,  or  of  the  different  views  en- 
tertained on  that  subject.  It  will  be  sufficient  for  lry  purpose  to  consider  peat 
as  it  exists  now  ;  and  with  regard  to  this  point  there  are  two  modes  in  which 
it  occurs,  which  I  believe  to  be  of  importance  as  regards  its  application  to  useful 
purposes.  In  one  case  we  find  peat  deposits  in  the  form  of  what  are  called 
peat-bogs,  masses  of  peat  of  considerable  superficial  extent,  and  generally  of 
great  depth,  20,  30,  and  sometimes  upwards  of  100  feet  deep,  where  the  upper- 
most layers  are  of  a  loose,  fibrous,  or  greasy  texture,  and  saturated  with  water 
to  such  an  extent,  in  some  instances,  as  to  be  incapable  of  affording  any  support 
to  the  foot.  When  the  water  is  drawn  oft'  from  these  bogs  by  drainage,  the 
peat  is  generally  found  to  vary  in  character  according  to  the  depth  at  which  it 
is  situated,  gradually  becoming  darker  in  colour,  more  compact,  and  having  less 
evident  indications  of  vegetable  structure.  At  the  bottom  of  such  bogs,  the  peat 
is  generally  a  black  mass,  of  a  cla3*ej'  consistency. 

In  the  other  case,  we  find,  situated  on  the  slopes  of  mountainous  country, 
peat  deposits,  which  are  never  of  very  great  depth,  generally  from  12  to  2  feet, 
and  where  the  peat  is  sufficiently  solid  to  be  walked  upon  with  ease.  In  these 
deposits  the  peat  is  of  a  more  uniform  texture  and  character  throughout,  than  in 
bogs,  although  there  is  alwaj's  a  greater  or  less  difference  between  the  peat  at 
the  surface  and  that  at  the  bottom.  These  deposits  of  mountain  peat  are  very 
common  in  the  Highlands  of  Scotland  and  in  some  parts  of  Ireland. 

Mountain  peat  offers  very  much  greater  facilities  for  cutting  than  bog  peat, 
and  it  is  generally  of  much  better  quality.  Bog  peat,  when  dried,  has  very  much 
the  appearance  of  pressed  haj' ;  it  rarely  has  a  density  of  more  than  300  or  400 
— water  being  1000, — and  the  cubic  foot  weighs  only  from  15  to  30  pounds  ;  it 
would  perhaps  be  useful  to  distinguish  it  by  the  term  turf,  from  the  true  moun- 
tain peat,  which  when  dried  is  dark  brown  or  quite  black,  with  little  or  no 
remains  of  plants  in  it  ;  capable  of  taking  a  high  polish  when  rubbed,  and  of  a 
density  greater  than  that  of  water,  the  cubic  foot  weighing  from  53  to  78 
pounds. 

The  method  of  cutting  peat  in  the  Highlands  of  Scotland  is  veiy  different 
from  that  adopted  for  cutting  peat  from  bogs.  In  the  first  place  trenches  are 
opened  at  distances  of  about  ten  yards  apart ;  and,  according  to  the  nature  of 
the  ground,  these  trenches  are  made  from  50  to  400  or  500  yards  long.  After 
removing  the  surface  sod  at  the  places  where  the  trenches  are  to  be  cut,  for  a 
width  of  three  feet,  along  the  whole  line  of  the  trench,  the  peat  cutter  digs  out 
the  peat  with  a  peculiar-shaped  tool,  in  slices  of  about  a  foot  square  and  three  or 
four  inches  thick.  As  fast  as  these  slices  are  cut,  another  man  takes  them  off 
the  peat  iron  and  throws'them  on  the  surface,  so  as  to  spread  them  out  as  much 
as  possible.  In  this  way  prisms  of  peat,  measuring  three  feet  in  width  and 
depth  are  cut  out  at  intervals  of  ten  yards,  and  the  number  of  slices  cut  in  each 
trench  are  just  as  many  as  a  man  can  throw  on  both  sides  of  the  trench  without 
shifting  his  position  except  from  one  end  of  the  trench  to  the  other  as  the  cutting 
advances. 

In  succeeding  years  the  peat  is  cut  from  the  two  banks  thus  formed  in  each 
trench,  to  a  width  of  only  18  inches  and  a  depth  of  three  feet.  The  advantage 
of  this  system  of  cutting  is  that  there  is  no  necessity  for  removing  the  peat  by 
barrows  to  the  spreading-ground,  a  proceeding  which  is  attended  with  consid- 
erable expense  for  labour.  When  the  peat  is  cut  in  this  way  from  a  bank  150 
yards  long,  it,  will  give  75  cubic  yards  of  wet  peat,  and  the  number  of  slices 
into  which  this  is  divided  will  be  about  8000.  Then  as  the  banks  are  ten  yards 
apart,  there  are  five  yards  width  of  drying  ground  to  each  bank,  or  a  superficial 
area  of  6750  square  feet  to  each  bank  of  150  yards  long.  Cutting  it  in  this 
way  every  year,  it  would  take  ten  years  to  remove  the  whole  of  the  peat  to  a 
depth  of  three  feet.  As  the  banks  are  cut  away  in  successive  years,  the  area  of 
spreading-ground  on  the  surface  is  reduced,  and  some  of  the  peat  has  to  be 
spread  at  the  bottom  of  the  trench,  the  area  of  which  increases  as  that  of  the 
banks'  surface  is  reduced  by  the  cutting. 

The  peat,  cut  to  a  widtli  of  18  inches  and  a  depth  of  three  feet,  from  a  bank 
of  150  yards  long,  is  what  is  called  an  iron's  work,  and  the  75  yards  of  peat  so 
cut  yields  about  ten  tons  of  dry  peat,  so  that  to  cut  seven  or  eight  thousand  tons 
of  dry  peat  would  require  750  irons'  work,  or  banks  about  64  miles  in  length, 
and  extending  over  an  area  of  about  one-fifth  of  a  square  mile.  This  ar-ea  of 
ground  would  supply  seven  or  eight  thousand  tons  every  year  for  ten  years. 

The  cutting  and  spreading  of  peat  in  this  way  forms  but  a  proportion  of  the 
cost  of  the  dry  peat.  A  far  more  considerable  portion  of  its  cost  results  from 
the  labour  of  collecting  the  dry  peat  and  bringing  it  to  the  place  where  it  is  to 
be  used.  Herein  lies  one  of  the  greatest  difficulties  of  employing  peat  on  any 
very  extensive  scale.     Whatever  mode  may  be  adopted  for  collecting  the  dried 
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peat  to  one  spot  for  use,  the  cost  of  can'iage  will  increase  in  proportion  to  the 
increase  in  the  quantity  of  peat  consumed  at  that  spot.  Thus,  for  instance,  in 
the  case  of  a  factory  consuming  7000  tons  annually,  it  would  be  requisite  to 
cany  the  peat,  on  the  average,  a  distance  of  one-tenth  of  a  mile  ;  if  the  quantity 
consumed  were  70,000  tons,  it  would  be  requite  to  cany  it  an  average  distance 
of  half  a  mile,  and  if  the  quantity  consumed  were  300,000  tons  a  year,  it  would 
have  to  be  carried  an  average  distance  of  two  miles,  or  a  mile  and  a  half,  in- 
asmuch as  the  cutting-ground  would  extend  over  an  area  of  eight  square  miles. 

The  extent  to  which  this  advantage  affects  an}'  particular  instance  of  the  use 
of  peat  will  depend  very  much  on  the  skill  exercised  in  laying  out  the  ground 
for  cutting  the  peat  and  disposing  the  banks  and  tram-roads,  or  other  means  for 
conveying  the  peat  to  the  place  where  it  is  to  be  used ;  but  it  is  a  disadvantage 
which  can  only  be  reduced  by  such  means  within  the  smallest  possible  limits, 
and  which  is  quite  inseparable  from  the  use  of  peat  on  a  large  scale. 

Another  prominent  difficulty  attending  the  use  of  peat  consists  in  obtaining  it 
in  a  dry  state,  fit  for  use  as  fuel  or  otherwise.  Mountain  peat,  as  it  occurs  nat- 
urally, contains  as  much  as  80  per  cent,  of  water,  even  when  it  has  been  well 
drained,  and  bog  peat  often  contains  very  much  more.  Consequently,  to  obtain 
one  ton  of  dry  peat,  five  tons  of  material  have  to  be  dug  and  ,'spread,  and  four 
tons  of  water  have  to  be  got  rid  of  by  evaporation.  When  mountain  peat  is  cut 
in  slices,  as  I  have  decribed,  and  spread  out  on  the  ground  during  dry  weather, 
the  drying  goes  on  rapidly,  the  surface  of  the  pieces  acquire  a  kind  of  skin,  which 
is  not  wetted  again  by  rain,  and  the  peat,  in  the  course  of  a  week,  is  sufficiently 
hardened  to  be  handled  ;  the  pieces  are  then  set  up  on  edge,  so  that  the  air  may 
play  on  both  sides,  and  in  the  course  of  six  weeks  or  two  months,  they  are  dry 
enough  to  be  stacked  or  heaped  up.  But,  unfortunately,  peat  districts  are  gene- 
rally remarkable  for  a  very  moist  atmosphere  and  for  a  great  frequency  of  rain. 
In  the  Highlands  of  Scotland  and  in  the  Hebrides  on  the  average  there  is  rain 
four  days  out  of  six,  and  it  is  only  during  the  months  of  May,  June,  and  July 
that  you  can  expect  to  have  an}'  continuance  of  weather  favourable  for  drying 
peat.  It  is  necessary,  therefore,  to  obtain  the  utmost  advantage  of  that  period 
for  the  drying  of  the  peat,  and  to  do  so,  the  peat  must  all  be  cut  before  the  end 
of  May  at  latest.  On  the  other  hand,  if  the  peat  is  cut  in  frosty  weather,  and 
becomes  frozen,  it  crumbles  to  powder  when  the  thaw  comes,  and  for  this  reason 
it  is  not  safe  to  commence  the  cutting  at  all  before  April  or  even  May.  As  a 
rule  it  might  be  said  that  the  month  of  May  is  the  only  time  available  for  cutting 
peat  in  the  Highlands  of  Scotland,  and  more  especially  in  the  Hebrides,  so  as,  on 
the  one  hand,  to  avoid  the  destruction  of  the  peat  by  frost,  and  on  the  other  hand 
to  ensure  the  best  possible  chance  of  getting  it  well  dried. 

Notwithstanding  the  general  moist  condition  of  the  air  in  those  places,  the 
boisterous  winds  which  prevail  are  very  efficacious  in  drying  the  peat;  and  if, 
during  the  month  of  May  and  early  part  of  June  the  peat  has  gota  certain 
amount  of  drying,  and  a  skin  has  formed  on  the  surface  of  the  pieces,  it  may  be 
considered  safe,  whatever  kind  of  weather  there  may  be  afterwards.  It  may  then 
remain  on  the  ground,  set  up  in  little  heaps,  till  the  autumn,  and  will  get  the 
advantage  of  whatever  dry  weather  there  may  be.  Of  course,  even  in  this  case, 
the  quality  of  the  peat  will  depend  on  the  weather ;  but  if  the  cutting  is  not 
finished  by  the  end  of  May,  there  is  always  less  probability  of  getting  the  peat  in 
good  condition. 

It  will  be  evident  from  these  circumstances  that  the  cutting  of  peat  to  supply 
a  factory  consuming  any  large  quantity,  must  be  an  affair  requiring  considerable 
management,  so  as  to  get  the  work  done  in  the  short  space  of  time  available  for 
it,  and  the  difficulty  of  effecting  this  increases  in  proportion  to  the  quantity  of 
peat  required  to  be  procured. 

Two  men  working  together,  one  cutting  and  the  other  casting  the  peat,  will,  in 
good  weather,  get  through  about  one  iron's  work  in  a  day,  equivalent  to  10  tons  of 
dry  peat,  so  that  if  they  were  able  to  work  every  day  during  May,  they  would  cut 
from  200  to  300  tons  of  peat ;  and  to  get  10,000  tons  cut  and  spread,  100  men 
would  be  required  for  the  whole  month ;  and  to  get  300,000  tons  cut  and  spread 
would  require  3000  men  to  be  employed  tor  the  whole  month.  It  is  unnecessary 
to  dilate  upon  the  difficulty  of  getting  such  a  large  number  of  men  together  for 
the  work,  and  of  organising  a  system  for  measuring  the  work  done,  and  carrying 
on  the  geneial  supervision  of  the  peat-cutting  on  such  a  large  scale  ;  but  I  may 
mention  that  there  are  circumstances  connected  with  the  habits  of  the  people  in 
these  districts,  which  are  in  some  degree  favourable  to  the  carrying  out  of  such 
an  operation.  The  people  are  almost  all  fishermen,  and  the  fishing  season  does 
not  commence  until  the  end  of  May  or  June,  so  that  it  would  be  possible  to 
obtain  many  of  these  men  before  they  go  to  the  fishing,  and  thus  the  inconve- 
nience of  employing  a  large  number  of  men  for  a  short  period  would  not  be  so 
great  there  as  it  would  in  most  other  instances.  Moreover,  these  people  are 
accustomed  to  hutting  themselves  with  no  small  degree  of  comfort,  in  huts  or 
bothies  built  of  the  surface  sods  of  the  peat,  and  the}-  live  in  these,  as  a  rule, 
throughout  the  Hebrides  ;  so  that  a  squad  of  200  or  300  men  find,  on  the  ground 
where  they  are  going  to  work,  the  materials  for  their  encampment,  and  it  is 
interesting  to  see  the  dexterity  and  quickness  with  which  they  construct  these 
bothies. 

Having  now  described  the  mode  of  obtaining  the  peat,  and  pointed  out  the  two 
great  difficulties  involved  in  the  supply  of  a  large  quantity  of  it  for  the  purpose 
of  fuel  orfor  any  other  application,  I  will  now  request  your  attention  to  the  nature 
of  this  material  when  it  has  been  dried,  and  in  the  first  instance  as  regards 
its  application  as  fuel.  .  , 

Even  in  the  most  favourable  seasons,  the  air-dried  peat  retains  a  considerable 
amount  of  water— from  20  to  30  per  cent.— as  will  be  seen  from  the  following 
results  or  analyses  of  different  kinds  taken  from  stacks  .a  year  old.     (Table  1 .) 

This  water  cannot  be  separated  from  the  peat  except  by  kiln  drying  ;  but  in 
order  to  illustrate  the  effect  of  this  moisture  on  the  value  of  peat  as  fuel,  I  will 
at  first,  suppose  that  it  has  been  so  dried  as  not  to  contain  any  water.  In  that 
state  the  composition  of  peat  may  be  taken  as  generally  represented  by  the  fol- 
lowing proportions  as  compared  with  coal.     (Table  2.) 

Combustion,  or  that  chemical  process  by  which  heat  is  generated  from  ordinary 
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fuel,  consists  in  the  combination  of  carbon  and  hydrogen   with   atmospheric 
oxygen. 

Table  1. 


Lews  Peat. 

Air-dried. 

Per  centage 
of  water 

Weight  of  a 
cubic  foot. 

1.  Light  brown  fibrous  turf 

40 

2671 

25-39 

31-60 

28-74 

2776 

lbs. 
25 
53 

54 
65 
71 
78 

2.  Blackish  brown  fibrous  peat  

3.  Black  peat  very  dense 

4.            „                „          

6.  Brown  peat   

6.  Browish  black  peat 

Table  2. 


Carbon  ... 
Hydrogen 
Oxygen ... 
Ash    


60 
6 

32 
2 


100 


Coal. 


Welsh.    '  Newcastle.  Lancashire.     Scotch.     Derbyshire. 


83-78 
479 
415 
4-91 


82-12] 
5-31 
5-67 
3-77 


77-90 
5-32 
9-53 
4-88 


78-53 
5-61 
9-69 
4-03 


79-68 
4-94 

10-12 
2-65 


The  amount  of  heat  produced  by  the  combustion  of  any  kind  of  fuel  depends. 
therefore,  on  the  amount  of  carbon  and  hydrogen  it  contains.  The  amount  of 
heat  prodnced  by  any  particular  fuel,  or  its  calorific  power,  is  expressed  by  com- 
parison with  the  amount  of  heat  produced  by  the  combustion  of  carbon,  which 
is  taken  as  unity.  Hydrogen  gas,  when  burnt,  produces  an  amount  of  heat  three 
times  as  great  as  that  produced  by  the  combustion  of  an  equal  weight  of  carbon 
to  carbonic  acid.  The  calorific  power  of  hydrogen  is  therefore  three  times  as 
great  as  that  of  carbon.    The  per  centage  aompositrion  of  a  fuel  being" known,  it 

relative  calorific   power,  thai    of  carbon    I    irjg  =  1000. 

When  on  of  the  fuel  con  carbon  only,  as  in  coke  or 
charcoal,  the  per  centage  of  carbon  i  the  calorific  power  or  relative  fuel 
value  i  hecombu  Kble  portion  of  the  fuel 
consists  of  carbon  and  hydrogen,  the  per  centage  amount  of  hydrogen  multiplied 
by  three  and  added  to  the  nut  ing  the  par  centage  of  carbon,  gives  the 
calorific  power  of  that  fuel  as  compared  with  carbon  ;  but  when  the  fuel  contains 
oxygen  besides  carbon  and  hydrogen,  a  portion  of  either  or  both  of  these  oonsti- 
ts  equivalent  to  the  amount  of  oxygen  contained  in  the  fuel,  most  be  regarded 
as  already  in  combustion  with  oxygen,  and  therefore  ineffective  for  the  produc- 
tion of  heat.     In       hi         it  is  only  the  surplus  carbon  and  hydrogen,  over I 

above  what  are  equivalent  to  the  oxygen  of  the  fuel,  which  can  produce  heal  bj 
r  the  amount  of  oxygen  in  any  fuel,  the  smaller 
will  be  the  calorific  power.     In  this  respecf  there  is  a  great  difference  between 
coal  and  peat.    The  presence  of  a  large  amount  en  in  fuel  affects  the  calo- 

rific power  in  two  ways,  viz.,  by  reducing  the  per  Ci  mnf   'if  carbon  and 

hydrogen,  and  by  rendering  a  portion  of  those  constituents  ineffective  for  the 
production  of  heat.     Foi  ;  on  the  calorific  power  of  absolutely  dry  peat  i 

only  660,  while  that  of  coal  is  from  996  to  903.  Hence  if  will  be  evident  that 
the  maximum  capability  of  peal  as  fuel  is  necessarily  far  below  that  of  coal,  even 
when  the  i  '  lutely  dry.    But,  as  I  have  aire  ad    pointed  out,  that  degree 

of  dryness  cannot  be  attained  except  by  kiln-drying;  and,  the  ordinary  air-dried 
neat  of  good  quality  contains  one-fourth  its  weight  of  water.  Here  then  is  a 
further  reduction  of  the  calorific  power  of  this  substance,  by  one-fourth,  or  to 

US  :  about  one-half  that  of  coal. 

In  here  pi  at  i-  needed  for  fuel  it  is  essentia]  to  have  it  ipiite  <lr\ . 

and  then  it  is  worth  while  to  kiln-dry  it  ;  but  there  i-  no  saving  effected  by  so 
doing.  The  25  per  cent,  of  water  separated  by  kiln  drying  requires  for  its  sepa- 
ration a  determinate  quantity  of  heat  and  a  proportionate  consumption  of  fuel. 
which  is  equally  consumed  without  useful  effect,  whether  the  peat  be  a  ed  ai  fuel 
ht  the  air  drii  whether  it  be  kiln  dried  before  it  is  used. 

These  i  iderations  will  be  sufficient  to  show  what  a  palpable  delusion 

it  would  I)  that    peat   could  possibly   be   in  any  way  equal  to  coal  in 

fuel  value. 

reater bulkin  impared with  coal  is  another  circomstance 

which  tion  as  fuel.    The  average  of  coal  bas  a  di 

corresponding  to  801bs.  to  the cnbic foot,  whili  peat   hasadei 

responding  to  only  (Ulbs.to  the  cubic  foot.    A  cubic  fool   of  coal,  in  tni 
in  which  it  is  used,  contains  about  COlh  peat  in  the  same  waj  ■■■■ 

only  .'lull.-,  to  the  cubii  th  only  half  the  calorific  power  if 

twice  the  space,  and  to  produce  a  riven  effect  with  air-dried  peat,  it   v.., oil  M 
twice    the   weight   and    lour    times    the    hull  |    ;,,   produce  thai  effect. 

Hence  has  arisen  the  idea  of  compressing  peat.     It   is  notorious  the 

ittemled  anj  of  the  attempts  to  cany  this  idea  into  practice,  and  thai  this 
I  In  the  case  is  very  easily  intelligible.     Absolute!; 


best  quality  has  a  fuel  value  of  660  as  compared  with  coal  at  960 :  in  order, 
therefore,  that  equal  bulks  of  coal  and  peat  should  have  the  same  fuel  value,  a 
cubic  foot  of  peat  must  contain  nearly  one  and  a  half  times  as  much  in  weight 
as  a  cubic  foot  of  coal,  or  nearly  1161bs.  to  the  cubic  foot,  corresponding  to  a 
density  of  1800.  Whether  such  a  compression  of  peat  is  or  is  not  possible  in 
practice  I  will  not  pretend  to  say,  though  I  consider  it  very  improbable ;  and  even 
if  it  were  effected  so  as  to  be  of  practical  utility,  there  would  still  be  the  dis- 
ad\  antage  attending  the  use  of  peat  as  fuel,  that  its  calorific  power  would  be  only 
two-thirds  that  of  coal,  and  that  one  and  a  half  times  as  much  must  be  used  to 
produce  the  same  effect. 

As  regards  the  use  of  peat  for  fuel,  it  now  remains  only  to  consider  what  are 
the  circumstances  under  which  it  can  he  used  for  this  purpose,  and  under  which 
there  is  an  advantage  in  using  it  rather  than  coal.  I  can  best  illustrate  this  by 
a  case  within  my  own  experience.  During  the  last  four  years  I  have  had  occa- 
sion to  manufacture  a  large  quantity  of  bricks  in  one  of  the  Western  Islands  of 
Scotland,  and  for  that  purpose  required  fuel  for  raising  steam  to  drive  the  brick 
machinery,  and  for  burning  the  bricks.  Coal  could  be  delivered  at  the  port  of 
Stornoway  at  about  18s.  per  ton,  and  as  the  works  were  at  some  distance  inland, 
there  was  a  cartage  amounting  to  4s.  per  ton,  making  the  cost  of  the  coal  22s. 
per  ton.  But  I  found  that  the  peat,  of  which  there  was  abundance  close  to  the 
works,  was  capable  of  raising  steam  well,  and  of  being  used  for  burning  the 
bricks,  and  that,  taking  it  to  have  only  half  the  fuel  value  of  coal,  and  even  with 
very  imperfect  arrangements  for  bringing  it  in  from,  the  moor,  I  could  for  8s.  put 
down  at  the  boiler  or  at  the  kiln  a  quantitj*  of  peat  equivalent  to  one  ton  of  coal, 
thus  making  a  difference  of  lis.  between  the  use  of  a  ton  of  coal  and  the  use  of 
peat  equivalent  to  it.  As  the  burning  of  the  bricks  required  about  half  a  ton  of 
coals  per  thousand,  this  was  equivalent  to  a  saving  of  7s.  per  thousand  in  the  cost 
of  the  bricks.  In  this  case,  therefore,  there  was  an  unmistakeahle  advantage  in 
using  peat  as  fuel,  and  the  advantage  would  have  been  still  greater  if  there  had 
been  a  more  efficient  means  of  bringing  in  the  peat  from  the  moor.  In  the  case 
to  which  I  now  refer,  this  cost  as  much  as  the  peat  itself  cost  on  the  moor,  or 
about  2s.  per  ton. 

In  the  town  of  Stornoway,  however,  it  is  found  to  be  more  advantageous  to 
:  use  coal  at  the  gas  works,  and  as  fuel  for  the  steam  boiler  at  the  slip,  and  for 
general  purposes,  since  there  is  no  organised  system  for  supplying  the  peat  from 
the  moors,  which  are  three  or  four  miles  distant  from  the  town,  the  consequence 
being  that  the  gathering  and  cartage  of  the  peat  costs  as  much  as  4s.  or  5s.  per 
ton  over  and  above  the  cost  of  cutting  and  drying,  or  in  all  6s.  or  7s.  per  ton.  At 
that  cost  it  is  evidently  better  to  use  coal,  which  is  much  more  easily  obtained, 
and  which,  being  double  the  value  of  peat,  is  not  much  dearer. 

From  my  own  experience  of  the  use  of  peat  as  fuel,  I  consider  that  wherever 
it  can  be  had  on  the  spot,  and  with  a  fuel  value  one-half  that  of  coal  can  be  put 
down  at  a  cost  of  Is.  per  ton  at  the  place  where  it  is  to  be  used,  it  may  be  advan- 
tageously substituted,  when  coal,  under  the  same  circumstances,  costs  more  than 
los.  per  ton:  but  if  coal  can  he  had  for  10s.  per  ton,  or  less  than  that,  there 
would  be  a  disadvantage  in  using  peat. 

When  the  place  when-  peat  is  to  be  used  is  far  distant  from  the  moor  where  it 
is  cut,  the  cost  of  carriage,  under  the  most  favourable  circumstances,  amounts  to 
twice  as  much  as  the  Carriage  of  coal,  because  the  fuel  value  being  only  half  that 
of  coal,  two  tons  of  peat  are  required  for  one  ton  of  coal.  This  necessarily  limits 
the  use  of  peat  as  fuel  to  places  near  the  moors  where  it  is  cut. 

Besides  the  compression  of  peat,  various  other  modes  of  improving  it  for  use 

as  fuel  have  been  tried  ;  the  general  principle  of  all  these  modes  of  treatment  is 
I  lo   kneading  or  pugging  of  the  peat,  so  as  to  give  it  a  more  uniform  an  1  compact 

texture  and  greater  density.  Peat  wnioli  has  been  prepared  in  this  way  will  have, 

when  dried,  a  density  equal  to  thai  of  coal  ;  but  I  have  never  been  able  to  per- 
Oeive  bow   I  he-e  operaf  ions  can  be  advantageously  applied  to  peat,  for  the  follow  - 

ing  reasons:     In  the  first  place  if  must   be  remembered  that  to  obtain  a  ton  of 

drj  peal  'i  i    i essary  in  Hie  kneading  or  pugging  which  is  intended  to  improve 

it-  texture  to  operate  upon  five  tons  of  material.  Supposing  thai  to  be  rendered 
practicable  by  suitable  mechanical  contrivances,  so  as  uol  to  cost  more  than  it  is 
worth  or  more  than  is  proportionate  to  the  consequent  improvement  of  the  peat, 
it.  must  be  remembered  thai  this  Kneading  or  pugging  of  the  peat  docs  not  sepa- 
rate  the  water  it  doe  not  dry  the  peat.  This  which  is  the  greatest  difficulty 
of  all  in  te  i  ni  to  the  use  of  peal — i  ill  remains  to  be  done,  ana  even  admit  tin"; 
thai  some  oi  the  water  maj  be  separated  by  the  pugging,  there  will  be  at  least 
i  love  tons  of  water  to  evaporate  in  order  to  obtain  one  ton  of  drj  peat. 

The  idea  of  emplo  to  evaporate  that  water,  oi  drying  thepeal  arti- 

ficially,   is    quite  out   of  the  question,   since   the   consumption    of  I'ucl    for   thai 

purpose  would  be  quite  disproportionate  to  the  value  of  the  peat  obtained.  The 
only  plan  of  drying  that  is  practicable  is  air-drying,  and  to  dry  peat  by  expo- 
sure to  the  air  it  must  b  ml  over  a  large  surface,  Every  ton  of  dry  peal 
will  require  75  Bquare  yards  of  drj  ing  ground  :  and  if  the  quantity  of  peat  re- 
quired  ever      jri   M    i      10,000   tons,   the  area  of  the  cutting  ground   will    be  one 

square  mill  at  least.  Nov.-  if  the  peat  is  to  be  submitted  tothi  operation  of 
kneading  or  pugging,  ami  has  then  to  be  dried  by  exposure  to  the  air,  it  must, 
if  the  nacninery  i-  fixed,  be  carried  to  the  machine,  and  then  carried 

hack  to  the  spreading  -round.  This  carriage  to  and  fro  will  amount  to  ten 
as  much  as  the  carriage  of  the  peal  itself,  and  must  add  considerably  to  the 
cost,  [f,  on  the  other  hand,  the  pugging  machine  be  locomol  ive, another obstaoh 
to  the  adoption  of  this  plan  ol  treatment  arises  from  tin  necessity  of  earn  ing  out 
the  catting  and  spreading  of  the  peal  within  a  very  limited  time,  as  i  have 
already  pointed  out, 

Now,    when    we   consider  all    these  circumstances,  and   comp  it    "t 

applying  this  treatment  to  peal  with  the  results  effected  by  its  application)  I 

think  it  mo  as  to  any  ■  acquainted  with  the  peat  districts,  with  the 

u  eof  machinery,  and  with  the  value  of  fuel,  that  the  attempt  to  apply  such 
treatment  !•■  peat  is  like  breaking  n  flj  upon  a  wheel,  thai  the  means  are  totally 
late  to  the  end,  and  thai  the  use  of  pi  I  is  altogether  de- 

pendent on  local  principal  of  those  circumstances  Being  the 
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want  of  coal  or  the  high  price  of  it,  and  the  presence  of  an  abundance  of  peat  of 
good  quality.  These  are  the  circumstances  which  would  determine  the  con- 
sumer of  fuel  in  choosing  peat  or  coal.  It  is  entirely  a  question  of  cost.  To  the 
landowner  there  may  be  in  some  cases  other  inducements  to  promote  the  use  of 
peat  in  place  of  coal,  such,  for  instance,  as  the  employment  of  a  population 
which  would  otherwise  he  in  idleness ;  the  desire  to  clear  away  the  peat  and 
make  land  available  for  agricultural  purposes ;  hut  these  circumstances  are  all 
incidental,  and  of  a  nature  foreign  to  the  true  merits  of  the  question  as  to  the 
value  of  peat  as  fuel. 

i  I  am  quite  convinced,  however,  that  there  are  many  places  in  the  Highlands 
of  Scotland,  and  perhaps  also  in  Ireland,  where  the  concurrent  influence  of  a 
variety  of  circumstances  favourable  to  the  application  of  peat  as  fuel,  is  suffi- 
ciently great  to  admit  of  a  vast  amount  of  good  being  effected  by  carrying  out 
the  cutting  of  it  on  a  large  scale.  Thus,  for  instance,  steam  communication 
between  Glasgow  and  the  various  ports  of  the  Western  Islands  of  Scotland  is 
still  very  expensive  on  account  of  the  necessity  of  sending  out  the  coal  for  the 
return  passage  of  the  steamers.  The  cost  of  the  coal  consumed  in  the  steamers 
running  between  Glasgow  and  Stornoway  is  about  £80  each  passage,  and  there 
is  much  more  than  a  mere  probability  that  a  judicious  and  liberal  minded  ap- 
plication of  capital  would  be  successful  in  establishing  the  use  of  peat  as  fuel  in 
those  steamers  on  their  return  passage  to  Glasgow.  The  applicability  of  the 
peat  for  this  purpose  is  undubitable.  I  have  employed  peat  as  the  only  fuel  for 
steam  boilers  during  the  last  four  years,  and  have  found  it  to  answer  admirably. 
It  has  also  been  tried  by  Mr.  James  Napier,  of  Glasgow,  on  board  his  steamer 
the  Laitcefield,  and  he  is  of  opinion  that  it  might  be  used  in  the  place  of  coal. 
The  fact  of  its  being  only  half  the  fuel  value  of  coal  would  in  this  instance  be 
counterbalanced  bj'  the  advantage  of  its  cost  being  less  than  that  of  coal.  Be- 
sides this,  the  steamers  running  between  Glasgow  and  the  Western  Islands  are 
chiefly  supported  by  the  freights  fpom  Glasgow ;  their  return  cargoes  are 
sufficiently  small  to  admit  of  their  using  peat  as  fuel,  although  a  greater  weight 
and  bulk  would  be  needed  of  it  than  of  coal.  Moreover,  the  peat  being  a  natural 
production  and  incumbrance  of  those  islands,  its  use  for  this  purpose  would  at 
once  be  a  means  of  establishing  a  productive  industry  and  also  of  affording  what 
is  so  much  needed  there, — a  great  opportunity  for  employment — while  at  the 
same  time  the  condition  of  the  people  would  be  bettered  ;  and,  by  the  removal 
of  the  peat,  land  would  be  cleared  for  cultivation,  and  the  climate  improved  and 


rendered  less  unfavourable  to  vegetation.  At  present,  however,  the  peat 
deposits  of  these  islands  and  of  the  Highlands  genei-ally,  though  containing  the 
elements  of  social  amelioration,  of  industry,  and  of  wealth,  lie  like  a  huge  in- 
animate chaos,  burying  the  land  which  might  yield  abundant  harvests,  prevent- 
ing the  labour  of  the  inhabitants,  and  hindering  the  development  and  maturing 
of  the  crops  on  those  few  patches  of  ground  which  are  yet  cultivated. 

The  next  application  of  peat,  and  that  to  which  I  purpose  to  refer  more 
especially  in  this  paper,  is  the  manufacture  of  oils  and  paraffin  from  it  by 
distillation. 

It  will  doubtless  be  remembered  that,  in  the  year  1849,  great  interest  was 
excited  in  Parliament  and  throughout  the  country  by  the  announcement  that  a 
method  of  obtaining  valuable  produrts  from  the  peat  of  the  Irish  bogs  had  been 
discovered,  and  that  a  company  had  been  formed  for  the  purpose  of  carrying  out, 
on  a  large  scale,  the  manufacture  of  those  products  from  peat  in  Ireland. 

The  proposed  undertaking  was  very  warmly  supported  by  the  press,  and  was 
described  in  a  popular  journal  as  constituting  an  Irish  El  Dorado. 

This  mode  of  working  peat  was  devised  by  Mr.  Rees  Reece.  It  consisted  in 
distilling  the  peat  in  a  kiln,  much  in  the  same  way  as  Lord  Dundonald,  in  1781, 
distilled  coal  for  tar,  oil,  &c.,with  this  difference,  that  Mr.  Reece  employed  a 
kiln  constructed  more  in  the  form  of  an  iron  smelting  furnace  at  the  bottom, 
and  that  he  employed,  as  in  such  iron  furnaces,  a  blast  of  air  for  the  purpose  of 
maintaining  the  combustion  of  the  peat  at  the  lower  end  of  the  kiln,  by  which 
means  heat  was  produced  for  distilling  the  peat  at  the  upper  part  of  the  kiln. 
By  thus  distilling  peat,  a  tar  was  obtained  which,  on  subsequent  distillation  and 
treatment,  yielded  oil  and  paraffin. 

In  consequence  of  the  very  great  public  attention  directed  to  this  project,  an 
investigation  of  the  subject  was  instituted,  at  the  suggestion  of  Lord  Clarendon 
and  the  Chief  Commissioner  of  Woods,  by  the  chemical  officers  of  the  Museum 
of  Irish  Industry,  under  the  direction  of  Sir  R.  Kaue.  The  results  of  that 
inquiry  were  published  in  a  Blue-book  in  the  year  1851. 

Among  the  products  which  were  shown  to  be  obtainable  from  peat,  were 
paraffin  and  certain  hydro-carbon  oils,  which  it  was  proposed  by  Mr.  Reece  to 
use  as  solvents  of  india  rubber  and  for  lubricating  machinery. 

These  oils  and  paraffin  were  obtained,  in  the  first  instance,  as  tar,  by  dis- 
tillation of  the  peat,  and  the  results  given  in  Sir  R.  Kane's  report  go  to  show 
that  there  is  no  serious  difference  in  the  nature  and  amount  of  the  produce, 
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KIND  OF  PEAT. 


1.  Mixed  light  and  dense  turf  (Phillipstown) 

2.  Light  surface  turf  (Allen)    

3.  Dense  peat  (Allen) 

4.  Light  fibrous  turf  (Ticknevin) , 

5.  Light  fibrous  turf  

6.  Light  fibrous  tm-f  (Shannon)  
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Dr.  Hodges. 


whether  the  distillation  of  the  peat  be  conducted  in  close  retorts,  or  in  kilns, 
as  proposed  by  Mr.  Reece. 

The  experiments  that  were  made  with  different  kinds  of  peat  gave  the 
quantitive  results  shown  in  Table  3. 

There  is  some  degree  of  discordance  in  these  results,  but,  taking  the  average, 
it  will  be  seen  that  the  peat  distilled  in  close  retorts  yielded  nearly  3  per  cent,  of 
tar,  and  when  distilled  in  kilns  it  gave  nearly  2J-  per  cent.  In  the  former  case 
the  tar  gave,  on  the  average,  rather  more  than  half  its  weight ;  and,  in  the 
latter  case,  rather  less  than  half  its  weight  of  refined  oils  and  paraffin. 

It  must  be  borne  in  mind  that  all  the  varieties  of  peat  referred  to  in  Sir  R. 
Kane's  report  are  true  "  bog  peat,"  the  only  result  quoted  b}'  Sir  R.  Kane  for 
mountain  peat  being  that  obtained  b}r  Dr.  Hodges,  of  Belfast,  in  1850,  from  an 
experiment  conducted  by  him  with  about  50  tons  of  peat  at  Newtown  Com- 
melin,  in  Antrim. 

Taking  the  average  of  these  results,  the  100  tons  of  Irish  bog  peat  would  yield 
by  distillation  in  close  retorts  2  tons  15  cwt.  of  tar,  which  gave  hy  subsequent 
treatment  409  gallons  of  refind  oils  and  paraffin,  aud  by  kiln  distillation  the 
100  tons  weuld  yield  2  tons  8  cwt.  of  tar,  or  304  gallons  of  refined  oils  and 
paraffin. 

If  this  tar,  or  the  oils  and  paraffin  it  yields,  be  taken  as  the  sole  commercially 


valuable  products  from  the  distillation  of  the  peat,  and  if  the  cost  of  the  peat  is 
taken  as  2s.  per  ton,  as  set  down  by  Mr.  Reece,  and  quoted  in  Sir  R.  Kane's  report, 
the  tar  would  cost,  for  raw  material  alone,  about  £4  per  ton,  and  the  cost  of  raw 
material  equivalent  to  one  gallon  of  refined  oils  and  paraffin  would  be  7d. 

Adding  to  this  cost  of  raw  material  the  cost  of  making  the  tar  and  refining 
the  oil  and  paraffin  as  amounting  jointly  to  Is.  per  gallon,  the  total  cost  of  the 
refined  product  would  be  Is.  Id.  per  gallon. 

It  is  not  very  probable  that  at  this  rate  of  cost  the  manufacture  of  these 
products  from  peat  would  be  very  remunerative,  especially  at  the  present  market 
price  of  these  oils  and  paraffin;  but  in  Sir  R.  Kane's  report,  which  has  especial 
reference  to  Mr.  Reece's  project  for  working  peat,  other  products  besides  the  oil 
and  paraffin  are  taken  into  account  as  adding  to  the  profits  that  might  be  ex- 
pected from  this  undertaking. 

These  products  are  sulphate  of  ammonia,  acetate  of  lime,  and  wood  naphtha; 
and  so  much  were  they  regarded  as  a  source  of  profit  to  be  anticipated  from  the 
working  of  peat,  that  in  the  prospectus  of  the  Irish  Peat  Company  they  were  set 
down  as  furnishing  more  than  one-half  of  the  expected  profits  of  the  works. 

The  values  assigned  to  these  products  in  Sir  R.  Kane's  report  are  not  indeed 
quite  so  great,  as  regards  the  amount,  as  those  stated  by  Mr.  Reece,  but  they  are, 
nevertheless,  considerable,  being  for  the  100  tons  of  peat  as  follows : — 
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Mr.  Reece. 

Sulphate  of  ammonia,  20  cwt.  at  12s £12     0 

Acetate  of  lime,  4  cwt.  at  14s 9  16 

Wood  naphtha,  52  gals,  at  5s 13    0 

£34  16 
Sir  R.  Kane  and  Mr.  Sullivan. 

Sulphate  of  ammonia,  20  cwt.  at  12s £12    0 

Acetate  of  lime,  4  cwt.  at  14s 2  16 

Wood  naphtha,  52  gals,  at  5s 13    0 

£27  16 

These  results  have  a  very  attractive  appearance,  even  in  both  cases ;  but  a 
closer  examination  of  the  subject  of  peat  working  from  a  commercial  point  of 
view,  led  me  to  the  conclusion  that  it  is  a  fallacy  to  regard  these  products  as  con- 
stituting a  source  of  profit  to  be  obtained  in  working  peat.  On  the  contrary,  I 
consider  that  no  reliance  should  be  placed  on  the  value  of  these  products  as  con- 
tributing in  any  way  towards  the  possibility  of  peat  being  worked  advan- 
tageously. They  should  be  regarded  strictly  as  waste  or  bye  products,  and  the 
question  whether  peat  can  be  worked  remuneratively  must  be  determined  by 
regarding  the  oils  and  paraffin  alone  as  the  staple  products.  If  these  can  be 
obtained  in  such  proportion,  and  at  such  a  cost  as  to  afford  a  profit  on  the 
manufacture,  it  may  then  become  a  question  to  consider  whether  the  bye  pro- 
ducts obtained  in  that  manufacture  are  not  worth  working  up  for  the  sake  of 
the  ammoniacal  salts  and  other  materials  they  would  yield.  This  question  would 
be  determined  one  way  or  another  by  a  variety  of  circumstances  of  more  or  less 
special  nature.  Among  others,  the  possibility  of  making  some  portion  of  the 
waste  of  the  chemicals  employed  in  the  purification  of  the  oils  and  paraffin, 
available  for  working  up  these  bye  products,  would  be  of  prominent  importance, 
inasmuch  as  that  would,  to  some  extent,  reduce  the  cost  of  purifying  the  oils,  &c. 

I  shall  have  occasion  afterwards  to  point  out  results  corroborative  of  this  view- 
as  to  the  really  valuable  products  of  peat. 

Keeping  this  principle  in  view,  meanwhile,'!  will  now  request  your  attention  to 
the  production  of  paraffin  and  oil  from  peat.  In  the  early  part  of  1858,  I  wras 
consulted  as  to  the  possibility  of  working  the  tar  obtained  from  the  peat  of  the 
Island  of  Lews,  one  of  the  Hebrides.  The  peat  occurring  in  this  island  is,  as  I 
have  before  mentioned,  a  true  mountain  peat,  and,  like  most  of  the  peat  in  the 
Highlands  of  Scotland  and  north  of  Ireland,  is  a  remarkably  rich  bituminous 
variety.  It  in  of  a  dark  brown  or  black  colour,  and  heavier  than  water,  weighing 
sometimes  as  much  as  78  lbs.  the  cubic  foot.  It  burns  with  a  brilliant  white 
flame,  of  great  length,  and  considerable  heating  power,  indicating  the  presence 
of  a  large  amount  of  bituminous  substance. 

The  tar  obtained  from  this  peat  by  distillation  was  quite  solid  at  the  ordinary 
temperature ;  it  was  of  a  dark  brown  colour,  with  a  penetrating  odour  of 
creosote,  and  melted  on  the  fingers  like  butter,  in  consequence  ot  the  paraffin  it 
contained.     Its  density  was  0'960. 

The  analysis  of  this  tar  showed  that  it  yielded  hydro-carbon  oil  and  paraffin 
of  good  quality.  Two  samples,  one  made  in  a  close  retort,  the  other  in  a  kiln, 
gave  the  following  results  by  weight  : — 

Retort.  Kiln. 

Refined  oil  and  paraffin   42-161  41-167 

Creosote 3C459  47-068 

Charcoal,  gas,  and  waste 27-380  H'765 

100-000  100-000 

These  quantities  correspond  respectively  with  112  and  107  gallons  of  refined 
%r.l  and  paraffin  from  the  ton  of  tar. 

About  a  ton  of  the  tar  was  then  operated  upon  for  the  purpose  of  getting  the 
products  in  such  quantity  as  would  admit  of  their  being  tested  as  to  their 
applicability  for  various  purposes. 

The  oil  obtained  from  the  tar  was  purified  by  the  ordinary  methods  of  treat- 
ment applicable  to  such  materials,  and  was  then  separated  by  distillation  into 
two  portions;  one  portion  of  the  oil,  amounting  to  about  one-half  of  the  gross 
refined  product,  was  quite  liquid  even  at  low  temperatures  ;  it  was  of  a  pale 
yellow  colour,  with  a  slight  and  not  unpleasant  smell.  It  burnt  well  in  the 
lamps  commonly  used  for  hyro-carbon  oils,  with  a  brilliant  white  flame.  It  did 
not  carbonize  the  wick,  while  burning,  or  resinify  by  exposure  to  the  air.  Its 
boiling  point  being  above  890°  V.,  there  was  no  danger  ot  its  giving  oil' explosive 
vapour  at  any  temperature  it  would  be  likely  to  be  heated  to  when  used  in  a 
liiiii]i,  and,  as  compared  with  some  other  oils  of  good  quality,  it  gave,  measure 
for  measure,  a  greater  quantity  of  light. 

The  other  bait'  of  tin-  oil  was  partly  solid  at  the  ordinary  temperature;  it 
Consisted  of  an  oil  of  greater  density  than  the  0Hfl  I  have  pi-t  mentioned,  anil  of 
higher  boiling  point,  mixed  with  a  great  quantity  of  paraffin  partly  in  solution 
ami  portly   crystallised.     This  [paraffin    was    ca-ily    remove'!    by    a    filtering'   bag 

and  the  dissolved  portion  was  separated,  by  cooling  the  oil  ami  tln-n  filtering  it 

again.    The  paraffin  tbm  obtained  amounted  to  about  -tenth  part  ot  the 

gross  refined  product.    The  oil  from  which  the  paraffin  bad  been  tenanted  was, 

like  the  other  oil,  of  a  pale  yellow  colour,  and  bad  scarcely  am   smell.      It    burnt 

with  an  intense  white  luminous  flame,  and  when  mixed  with  fat    oils   formed  an 

lent  lubricator. 

The  proportion  of  refined  oil  ami  paraffin  which   I  obtained  from  the  ton  of 

tar  wu  about  112  gallons  in  all ;  in  round  number*  il  might  be  -aid  that  on  a 

Working  scale  the  tar  on  which  I  operated  would  give  l'l"  gallons  retined  oils  and 
paraffin  per  ton.  This  was  very  much  less  than  the  average  amount  of  the 
products  obtained  by  Mr.  Sullivan  from  the  Irisb  peat,  as  stated  in  Sir  Robert 
Kane's  report  ;  but,  on  the  other  hand,  the  amount  of  tar  obtained  from  tin- 
Irish  peat  was  very  small,  and  I  expected,  ftom  tin-  difference  between  the  peat 
operated  upon  by  Mr.  Sullivan  and  that  of  Lews,  that  this  latter,  being  of  a 
much  more  bituminous  character,  would  yield  by  distil  hit  ion  a  larger  amount  of  tar. 


With  regard  to  the  possibility  of  carrying  on  the  manufacture  of  these  products 
on  a  large  scale,  everything  depended  upon  the  cost  at  which  the  tar  could  be 
produced.  Juding  from  the  results  that  bad  already  been  obtained,  it  appeared 
to  me  that  £5  per  ton  was  the  maximum  price  that  could  be  allowed  for  the 
tar,  supposing  it  to  yield  100  gallons  of  refined  oils  and  paraffin,  and  that  with 
this  cost  for  the  tar,  it  would  be  possible  to  work  it  profitably  if  the  purification 
of  the  oils  did  not  cost  more  than  six-pence  per  gallon. 

These  limits  having  been  fixed  as  to  the  cost  of  tar  and  refining  the  oils,  it 
became  requisite  to  ascertain  the  cost  of  the  peat,  the  amount  of  tar  it  yielded, 
and  the  cost  of  production.  At  that  time  the  cost  of  the  peat  on  the  moor  was 
2s.  6<r.  per  ton  for  cutting,  drying,  and  stacking,  by  contract,  but  there  were 
satisfactory  reasons  for  expecting  that  it  could  be  obtained  at  a  less  expense. 
These  expectations  were  subsequently  realised,  peat  having  been  obtained  by 
contract  in  succeeding  years  at  2s.,  Is.  9d.,  and  Is.  6d.,  per  ton  ;  and  some  which 
I  had  cut  under  my  own  direction  did  not  cost  more  than  Is.  per  ton  stacked  on 
the  moor.  I  now  think  that  from  Is.  to  Is.  6d.  per  ton  might  be  fairly  taken  as 
the  prime  cost  of  air-dried  peat  containing  20  to  30  per  cent,  of  water. 
(To  be  continued). 


REVIEWS  AND  NOTICES  OF  NEW  BOOKS. 


The  Mineral  Resources  of  Central  Italy,  Including  a  Descripton  of  the  Mines 

and  Marble  Quarries.    By  W.  P.  Jervis,  P.G.S.,  Assistant-General  to  the 

Italian  Special  Commissioners  for  the  Exhibition.  London :  Stanford,  Charing- 

cross.    1862.    Price  3s.  6d. 

This  work  is  one  of  a  valuable  series  of  hooks  on  the  mineral  resources  of  the 

various  countries  represented  at  the  International  Exhibition,  1862,  in  course 

of  publication,  and  Mr.  Jervis  has  performed,  in  a  masterly  manner,  the  task 

he  undertook  of  bringing  before   the  English  public,  in  a  succinct  form  the 

highly  interesting  and  valuable  statistics  and  scientific  history  of  the  mineral 

resources  of  that  interesting  geological  country,  Central  Italy. 

As  the  great  source  of  supply  to  the  wcrld  of  marbles  for  statuary  and 
architectural  embellishment  are  the  quarries  of  Carrara  and  those  adjacent,  their 
productions  are  described  minutely,  but  Mr.  Jervis  has  not  confined  himself  to 
the  marbles,  for  although  that  subject  has  had  ample  justice  done  to  it,  in  one 
chapter  consisting  of  about  twenty-two  pages  of  letter  press  and  the  acompany- 
ing  wood-cut  illustrations,  there  are  fifteen  chapters  in  all,  the  remainder  being 
devoted  to  alabaster,  serpentine,  boracic  acid,  rock  salt,  tin,  copper,  lead,  silver, 
mercury,antimony,inanganese,  the  various  metalliferousminerals,the  etruscan  art 
metal-work,  and  the  mineral  fuel  and  ores  of  Italy.  Each  chapter  has  peculiar 
interest,  either  scientific  or  commercial,  and  many  both  in  an  eminent  degree. 
Mr.  Jervis's  hook  deserves  the  most  extensive  sale. 


The  Builders'  and  Contractors'  Price  Book  for  1863.     Revised  by   George 

R.  Burnell,  C.E.  and  Architect.  London  ;  Lockwood  and  Co.,  1863. 
We  have  in  past  years  noticed  this  annual,  and  called  attention  to  the  altera- 
tions and  improvements  introduced  from  time  to  time.  Mr.  Burnell  has,  in  the 
edition  for  this  year,  revised  the  prices  for  nearly  all  the  trades  included  in  the 
book,  and  has  made  various  improvements  which  will  be  appreciated  by  all 
those  for  whom  the  work  is  intended. 

This  Price  Hook  does  more  than  maintain  the  good  reputation  it  has  so  justly 
deserved,  by  keeping  pace  with  the  advances  and  changes  made  in  the  several 
trades,  and  thoroughly  meeting  the  requirements  of  those  to  whom  it  is 
dedicated. 


Solutions  of  Questions  in  Arithmetic  by  First  Principles.  By  Walter 
McLeod,  P.R.G.S.,  M.C.P.    London  :  Longmans.     1863. 

Mr.  McLeod  is  the  head  master,  &c,  at  the  Royal  Military  Asylum,  Chelsea, 
and  is  the  author  of  some  very  useful  and  cheap  arithmetical  works,  such  as 
The  Six  Standards  of  Arithmetic,  A  Manual  of  Arithmetic,  Mental  Arithmetic 
According  to  the  Method  of  Pcstitlozzi,  Ac.  The  present  work  is  dedicated 
very  appropriately  to  the  Rev.  Henry  Moseley,  M.A.,  F.R.S.,  the  well-known  and 
highly  esteemed  (.'anon  of  Bristol. 

We  extract  the  following  from  the  author's  "introduction  "  as  the  best  expla- 
nation of  the  author's  views,  and  of  the  nature  of  the  work  before  us: — 

"  The  present  work,  the  result  of  many  years'  experience,  contains  lull  solu- 
tion- ot  Questions  in  simple  ami  compound  proportion,  percentages,  oommission, 
interact,  discount,  stocks,  profit  and  loss,  ami  partnership,  by  Aral  principles,  m 

■  form  adapted  for  elementary  msl  met  ion. 

"  In  nearly  all  our  text  books  in  arithmetic,  example-,  luoh  as  those  solved  in 
this  manual,  are  worked  by  statement,  according  to  certain  rules,  which  the 
pupil  has  lir-t  to  learn  by  heart    I. dure    he   attempts    the    solution  of  a  question. 

Ami  when  a  pupil  thus  taughl  sits  down  in  solve  a  problem,  he  generall]  Bads 

himself  involved  in  an  impenetrable  maze.  He  asks  for  guidance  in  his  work, 
and  is  directed  to  the  rule.  lie  does  as  required  ;  and  by  puzzling  and  repeated 
trials,  he  at  length  obtains  the  answer  given  in  bis  book  ;  hut  so  far  as  tin-  reasons 

oi  the  process,  and  the  principles  of  the  rule  are  conoerned,  be  remains  in  total 
ignorance. 
"If  there  is  to  be  any  real,  thorough  teaching,  the  pupil  mu-t  lie  made  to 

under -land  the  reason  tor  CV(  n  Opera) he  perforins.      1 1 1    is  not  to  be    a    mere 

mechanical  cipherer,  but  an  intelligent  agent — one  who  understands  what  in-  i. 
doing,  ami  can  reason  ""t  every  -tip  in  the  solution  of  a  question. 

''The  method  adopted  in  tin-  volume  dispenses  with  rules  altogether  ;  anil 
the  mo»t  difficult  questions  in  arithmetic,  as  will  he  seen  on  examination,  arc 
soh-cd    without    statement,   and    by   mentis  of  multiplication  and  division   only. 

The  method,  moreover,  is  characterised  by  great  simplicity  ;  and  ever]   itep  in 

the  solution  of  a  problem  is  an  intellectual  exercise. 
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"  But  although,  the  method  has  been  so  strongly  recommended,  and  some 
authors  of  Arithmetical  School-Books  have  adopted  it  in  the  solutions  of  easy 
questions,  still  no  work  has  attempted  to  show  that  it  is  applicable  to  the  most 
difficult  problems  in  the  higher  branches  of  arithmetic.  To  bring  the  method, 
therefore,  into  more  general  use,  and  to  supply  teachers  with  a  carefully  selected 
series  of  questions,  all  solved  by  first  principles,  has  been  the  aim  of  the  author 
in  the  publication  of  his  book  of  selections." 

The  Engineer's,  Architects  and  Contractor's  Pocket  Book  for  1863.  London  : 
Lockwood.    1863. 

The  present  publishers,  Messrs.  Lockwood  and  Co.,  deserve  great  credit  for  the 
improvements  which  have  been  introduced  into  the  "Engineer's  Pocket  Book  since 
it  came  into  their  hands.  The  present  edition  contains  several  additions  and 
improvements,  and  a  few  well-selected,  scientific  and  practical  papers,  and  some 
brief  memoirs  of  the  scientific  and  other  men  of  note  recently  deceased. 

The  tables  for  the  reciprocal  conversion  of  British  measures  of  length,  super- 
ficies, capacity,  &c,  into  metric  measures,  and  similar  tables  for  the  translation  of 
measures  of  weight,  which  have  been  much  wanted,  will  be  found  a  valuable 
addition  amongst  many  others  introduced  in  the  Engineer's  Pocket  Book  for 
this  year. 

Electrical  Accumulation  and  Conduction.     Part  I.    By  F.  C.  Webb.   London : 

E.  and  F.  N.  Spon. 
The  author  has  collected  and  published,  in  a  small  volume  of  156  pages,  a 
series  of  highly  scientific  and  valuable  papers,  originally  printed  in  The 
Electrician,  a  journal  devoted  to  electric  science,  telegraphy,  &c.  It  will  also 
be  remembered  that  Mr.  Webb  recently  read  a  very  interesting  practical  paper 
upon  the  same  subject  before  the  Institution  of  Civil  Engineers,  which  was 
esteemed  as  one  of  the  best  papers  of  the  session.  He  is  so  thoroughly 
master  of  the  subject,  that  a  treatise  on  the  principles  of  electrical  accumulation 
and  conduction  could  not  have  been  written.by  any  one  more  capable ;  and  as  the  ex- 
tension of  the  submarine  or  oceanic  lines  of  electric  telegraph  mainly  depends  upon 
a  more  perfect  knowledge  of  those  laws  which  govern  the  economic  transmission 
of  currents  through  metallic  wires  (although  doubtless  these  are  questions  of 
improved  structural  combinations  and  arrangement  of  parts  of  cables  for 
deep  sea  lines),  the  present  work  serves  to  call  the  attention  of  those  who  are 
engaged  in  electric  telegraphy  to  most  grave  and  important  questions. 

An  Inquiry  into  the  Deposition  of  Lead  Ore  in  the  Mineral  Veins  of  Swale- 
dale,  Yorkshire.  By  Lonsdale  Bradley,  P.G-.S.  London :  Stanford, 
Chariug-cross. 
The  author  has  pursued  his  investigations  into  the  mineral  characteristics  of 
the  mountain  limestone  formation  of  Swaledale  in  a  most  careful,  elaborate,  and 
highly  scientific  manner,  and  in  the  volume  before  us  has  given  a  series  of 
ten  coloured  sections  of  the  various  veins  and  stratifications  comprised  within 
an  area  of  about  200  square  miles ;  the  number  of  distinct  metallic  veins  cut 
and  more  or  less  explored  being  192,  of  which  number  about  170  are  said  to  be 
fairly  productive. 

The  work  is  highly  deserving  of  the  attention  of  geologists  and  mineralogists, 
as  most  of  the  facts  that  result  from  Mr.  Bradley's  inquiry,  and  recorded  by  him, 
may  with  great  advantage  be  applied  elsewhere. 


©frttuarg. 


Mathematics  for  Practical  Men.  By  OLruTHUS  Gregory.  The  Fourth 
Edition,  revised  and  corrected  by  J.  K.  Young  (formerly  Professor  of  Mathe- 
matics at  Belfast  College).  London  :  Lockwood  and  Co.,  1862. 
Olinthtjs  Gregory's  Mathematics  for  Practical  Men  having  justly  earned 
almost  a  world-wide  reputation  in  years  gone  by,  it  is  unnecessary  to  do  more 
than  announce  the  publication  of  the  fourth  edition,  after  a  careful  mathem  a- 
tical  revision  by  Professor  J.  R.  Young. 

The  portion  devoted  to  Pure  Mathematies  may  be  said  to  be  uuexceptionabfy 
excellent ;  but  we  cannot  forbear  suggesting  that  there  is  to  be  found  in  Part  2, 
under  "  Mixed  Mathematics,"  much  that  is  obsolete,  and  should  be  omitted — 
as  being  useless  to  practical  men,  aud  likely  to  mislead  the  student.  The 
illustrations  of  quaint  kinds  of  steam  engines  and  machines — still  retained  at 
the  end  of  the  book — gives  it  an  air  of  antiquity  which  ought  not  to  attach,  for 
as  a  standard  work  on  mathematics  it  has  not  been  excelled. 


THE  EARL  OP  GIFFORD. 
We  have  to  announce  the  death  of  the  Earl  of  GifFord,  which  took  place 
at  Dufferin  Lodge,  Highgate,  on  the  morning  of  the  22nd  December,  1862, 
after  a  protracted  illness.  The  deceased  was  the  eldest  son  of  the  Marquis  of 
Tweeddale,  and  was  born  1822,  at  Yester  House,  Haddingtonshire.  He  was 
educated  at  Trinity  Hall,  Cambridge,  where  he  graduated  M.A.  in  1845.  The 
deceased  earl  was  well  known  for  his  scientific  attainments,  aud  was  one  of  the 
first  who  was  elected  on  the  Committee  on  Steam  Performance,  appointed  by  the 
British  Association  for  the  Advancement  of  Science,  of  which  he  remained 
a  very  zealous  member  up  to  the  time  of  his  decease. 


RECENT    LEGAL    DECISIONS 
AFFECTING  THE  ARTS,  MANUFACTURES,  INVENTIONS,  &c. 


NOTICES    TO    CORRESPONDENTS. 

R.  C. — Your  communication  is  to  hand.  We  shall  be  glad  to  receive  and  give 
due  consideration  to  the  observations  upon  the  subject  to  which  you  refer. 
We  will  write  you  in  reply  to  your  postscript. 

"  Aspel." — Yes.    We  will  insert  the  particulars,  if  possible,  in  our  next. 

Constant  Reader. — -The  date  of  Weston's  Patent  is  April  25th,  1859. 

W.  R. — Your  notes  are  to  hand.    We  have  used  them,  as  you  will  perceive. 

F 
J.  W. — We  should  take  thefollowing  formulae  : — F  =  R  x  P.     R  =  -,.,-  where 

R  =  the  co-efficient  of  friction.     P  the  pressure  and  F  the  friction.     The  co- 
efficient R  varies  from  •054  to  "15.     The  variation  depending  upon  the  lubri- 
cation of  the  metal.    The  formula;  of  Whitworth  are  well  adapted  for  your 
purpose. 
Errata. — Locomotive  Engineering. — In  the  Artizan  of  Dec,  p.  270,  second 

/  V2    \ 

column,  where  criticising  Mr.  D.  K.  Clark's  formula : —  IR(  =  6  +   24»    I 

line  eleven  of  the  paragraph  immediately  following  the  above  formula,  for  the 
words  to  the  square  of  that  speed,  read  to  the  cube  of  that  speed ;  and  after 
the  word  speed  in  the  same  line,  insert  the  following: — whereas  it  is  one  of 
the  fundamental  laws  of  mechanics  that  such  work  is  proportional  to  the 
square  of  the  speed.  


Under  this  heading  we  propose  giving  a  succinct  summary  of  such  decisions  and  other 
proceedings  of  the  Courts  of  Law,  during  the  preceding  month,  as  may  have  a  distinct 
and  practical  bearing  on  the  various  departments  treated  of  in  our  Journal :  selecting 
those  cases  only  which  offer  some  point  either  of  novelty,  or  of  useful  application  to  the 
manufacturer,  the  inventor,  or  the  usually — in  the  intelligence  of  law  matters,  at  least 
— less  experienced  artizan.  With  this  object  in  view,  we  shall  endeavour,  as  much  as- 
possible,  to  divest  our  remarks  of  all  legal  technicalities,  and  to  present  the  substance- 
of  those  decisions  to  our  readers  in  a  plain,  familiar,  and  intelligible  shape. 

Spencer  v.  Jack  and  Rollo. — This  was  an  action  tried  in  the  Court  of  Common  Pleas 
lasting  three  days,  and  concluded  on  the  17th  ult.,  brought  on  behalf  of  a  consulting* 
engineer,  of  Newcastle-upon-Tyne,  against  the  defendants,  engine  makers  of  Liverpool,, 
for  the  infringement  of  a  patent  taken  out  by  the  plaintiff  in  1860,  for  certain  improve- 
ments in  marine  steam  engines.  Mr.  Lush,  Q.C.,  Mr.  Streeton,  and  Mr.  T.  Webster 
appeared  for  the  Plaintiff;  Mr.  Bovill,  Q.C.,  Mr.  Hindmarch,  Q.C.,  and  Mr.  T.  Jones  for 
the  defendants.  The  claim  of  the  plaintiff  under  his  patent  was  twofold : — first,  in  the 
arrangement  of  inverted  direct  acting  screw  engines,  a  disposition  of  surface  condensers,  by 
which  the  external  casing  thereof  forms  part  of  the  main  framing,  and  is  placed  between 
and  under  the  cylinders  of  such  engines,  and  the  tubes  whereof,  being  horizontal  and 
inclined,  are  placed  across  the  line  of  the  keel  or  propeller  shaft;  secondly,  in  the 
arrangement  of  paddle  wheel  engines,  a  disposition  of  surface  condensers,  by  which  the 
external  casing  thereof  is  placed  between  the  cylinders,  and  may  or  may  not  form  part  of 
the  main  framing  of  such  engine.  The  tubes  whereof  of  such  condensers,  being  horiz- 
ontal or  slightly  inclined,  are  placed  across  the  line  of  paddle  shaft  and  in  line  with  the 
keel.  The  defendants  denied  the  novelty  of  the  invention,  but,  after  a  short  deliberation, 
the  jury  found  for  the  plaintiff  as  regarded  both  cases. 

Kottula  v.  Palmer  and  Others. — This  was  an  action  tried  in  the  Court  of  Queen's 
Bench,  on  the  12th  ult.,  by  the  assigness  of  Messrs.  Blake  and  Maxwell's  patents  for  im  - 
provement  in  the  manufacture  of  soap,  dated  August  30th,  1856,  against  Messrs.  Palmer 
and  Co.,  the  well-known  patent  candle  and  lamp  makers.  After  the  time  of  the  Court 
had  been  occupied  some  two  days,  some  witnesses  for  the  defendant  proved  that  soap, 
precisely  the  same  as  that  the  making  of  which  was  alleged  to  be  an  infringement  of  the 
plaintiff's  patent  rights  had  been  made  from  a  recipe  in  Kurten's  book  upon  the  subject 
before  1856,  and  soon  after  the  work  was  known  in  England  in  1853.  The  plaintiff  elected 
to  be  nonsuited.  The  Lord  Chief  Justice  said  the  case  furnished  another  proof  of  the 
unsatisfactory  state  of  the  law  as  regard  patents. 

Clark  v.  Metropolitan  Railway  Company. — This  action  was  brought  to  recover 
damages  for  injury  done  to  two  houses  at  Cow-cross  by  the  works  of  the  underground 
railway.  It  appeared  that  it  was  necessary  to  divert  a  certain  sewer  in  order  to  construct 
the  railway  at  Cow-cross,  and  in  consequence  of  the  excavation  for  that  purpose  the 
houses  of  the  plaintiff  were  so  damaged  as  to  require  rebuilding.  The  alleged  negligence 
on  the  part  of  the  defendants  was  that  they  had  brought  the  new  sewer  too  near  the 
houses  when  they  could  have  taken  it  in  another  direction  where  it  would  not  have 
affected  the  safety  of  the  buildings,  and  that  the  houses  were  not  completely  and  effec- 
tively shored  up  before  the  excavation.  The  works  were  executed  for  the  Company  by 
Mr.  Jay,  the  contractor;  and  it  appeared  with  the  sanction  and  under  the  supervision  of 
the  Board  of  Works.  The  expense  of  rebuilding  the  houses  was  estimated  at  £1200, 
and  the  defendendant  claimed  £700  as  compensation  from  the  company,  the  difference 
being  the  increased  value  of  the  property  after  the  rebuilding.  On  the  part  of  the  defen- 
dants it  was  submitted  that  the  contractor  who  did  the  work  was  liable  for  any  injury 
done  to  the  property,  and  not  the  company.  Mr.  Baron  Martin  held  that  if  the  company 
employed  a  contractor  to  do  certain  works,  that  did  not  relieve  them  from  responsibility 
for  the  general  mode  in  which  they  had  been  carried  on.  A  verdict  was  ultimately  re- 
turned for  the  plaintiff— Damages,  £700. 

Mare  v.  Churchward  and  Another. — In  this  case  the  plaintiff  (the  well-known 
ship-builder)  sought  to  establish  his  right  to  a  moiety  of  the  net  profits  arising  from  the 
government  contract  for  the  conveyance  of  the  mails  between  Dover  and  Calais,  and  Dover 
and  Ostend,  and  also  to  a  moiety  of  the  profits  arising  from  a  contract  with  the  French 
government  for  the  conveyance  of  the  French  mails  between  Calais  and  Dover. 
The  bankruptcy  of  the  plaintiff  was,  as  our  readers  are  aware,  superseded,  upon  his 
paying  his  creditors  4s.  in  the  pound  upon  their  debts.  This  he  did  with  the  assistance 
of  his  father-in-law,  Mr.  Peter  Rolt,  who  had  proved  a  debt  against  the  plaintiff's  estate 
to  the  amount  of  £133,000.  Instead,  however,  of  taking  the  composition  upon  his  debt, 
it  was  arranged  that  he  should,  under  a  deed  executed  under  the  sanction  of  the  com- 
missioner in  bankruptcy,  have  an  assignment  of  the  surplus  assets  of  the  estate  after 
payment  of  the  composition,  including  the  benefit  of  the  contract  for  the  Dover  mail 
service.  According  to  the  case  made  by  the  bill,  a  sub-arrangement  was  made  between 
Mr.  Rolt  and  the  plaintiff  that  the  former  would  re-assign  to  the  plaintiff  the  interests 
in  these  contracts  upon  thejpayment  of  the  sum  of  £5000.  On  the  other  hand  it  was 
contended,  on  the  part  of  Mr.  Rolt,  that  another  sum  of  £7031  was  to  be  paid  to  him, 
in  addition  to  the  before  mentioned  sum  of  £5000,  before  the  re-assignment  could  be 
asked  for ;  and  that  the  plaintiff,  not  having  tendered  both  the  sums  referred  to,  Mr. 
Rolt,  in  1858,  assigned  the  interest  in  the  Dover  mail  service,  vested  in  him  under  the 
deed  of  arrangement,  to  Mr.  Churchward,  for  a  valuable  consideration;  and  the  present 
suit  was  instituted  for  the  purpose  of  impeaching  the  latter  assignment.  His  Honour, 
without  calling  upon  the  defendant's  counsel,  said  that  if  Mr.  Rolt  had  even  entered  into 
the  contract  to  re-assign  to  the  plaintiff  the  benefits  of  the  mail  service  contracts  for 
the  sum  of  £5000  only,  the  plaintiff  had  been  guilty  of  great  laches  in  not  sooner  seek- 
ing the  assistance  of  the  Court ;  and,  upon  that  ground  alone,  the  bill  must  stand  dis- 
missed with  costs. 


The  Abtizan,! 

Jan.  1,  1663.     J 
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NOTES  AXD  NOVELTIES. 


OUE  "XOTES  AXD  NOVELTIES"  DEPARTMENT.— A  SUGGESTION  TO  OUR 
READERS. 

We  have  received  many  letters  from  correspondents,  both  at  home  and  abroad,  thanking 
us  for  that  portiou  of  this  Journal  in  which,  under  the  title  of  "Notes  and  Novelties," 
we  present  onr  readers  with  an  epitome  of  such  of  the  "events  of  the  month  preceding" 
as  may  in  some  way  affect  their  interests,  so  far  as  their  interests  are  connected  with 
-any  of  the  subjects  upon  which  this  Journal  treats.  This  epitome,  in  its  preparation, 
necessitates  the  expenditure  of  much  time  and  labour ;  and  as  we  desire  to  make  it  as 
perfect  as  possible,  more  especially  with  a  view  of  benefiting  those  of  our  engineering 
"brethren  who  reside  abroad,  we  venture  to  make  a  suggestion  to  our  subscribers,  from 
■which,  if  acted  upon,  we  shall  derive  considerable  assistance.  It  is  to  the  effect  that  we 
shall  be  happy  to  receive  local  news  of  interest  from  all  who  have  the  leisure  to  collect 
and  forward  it  to  us.  Those  who  cannot  afford  the  time  to  do  this  would  greatly  assist 
our  efforts  by  sending  us  local  newspapers  containing  articles  on,  or  notices  of,  any  facts 
connected  with  Railways,  Telegraphs,  Harbours,  Docks,  Canals,  Bridges,  Military 
Engineering,  Marine  Engineering,  Shipbuilding,  Boilers,  Furnaces,  Smoke  Prevention, 
Chemistry  as  applied  to  the  Industrial  Arts  (for  which  we  are  chiefiy  indebted  to  the 
Cheiitici!  Neat),  Gas  and  Water  Works,  Mining,  Metallurgy,  Ac.  To  saveltime,  all  com- 
munications for  this  department  should  be  addressed  "  19,  Salisbury-street,  Adelphi 
London,  W.C."  and  be  forwarded,  as  early  in  the  month  as  possible,  to  the  Editor. 


MISCELLANEOUS. 

Large  Casting. — Byhope,  one  of  the  largest  collieries  in  the  North  is  at  present 
"worked  by  one  shaft.  The  owners,  however,  have  determined  to  proceed  at  once  with  the 
formation  of  a  second  one,  and  for  this  purpose  they  have  ordered  Messrs.  Murray,  of 
Ncwcastle-on-Tyne,  to  erect  an  engine  of  200-horse  power,  to  assist  in  the  sinking  of  the 
shaft,  and  to  draw  up  the  coals  when  it  is  completed.  Recently  the  single  cylinder  of 
this  engine  was  cast  in  Chester-le-Street  Foundry.  The  cylinder,  which  is  68  inches  in 
diameter,  8ft.  6in.  in  length,  and  8  tons  in  weight,  was  cast  with  complete  success,  and 
the  sight  was  a'.very  interesting  one.  Some  idea  of  the  extent  of  the  casting  may  be 
formed  when  it  called  into  requisition  two  large  smelting  furnaces,  ten  tons  of  molten 
metal,  and  upwards  of  fifty  men,  besides  three  large  cranes.  When  this  engine  is  com- 
pleted Ryhope  Colliery  will  be  worked  by  three  200-horse  power  engines,  capable  of 
drawing  the  enormous  quantity  of  3000  tons  of  coal  per  diem.  Messrs.  Murray  are  also 
engaged  in  building,  for  the  -ame  mine,  two  double-cylinder  horizontal  engines,  of  200- 
horse  power  each,  tor  the  underground  workings. 

A  Merchant  Steel  Ship. — Messrs.  Jones,  yuiggen,  and  Co.,  of  Liverpool  have  lately 
contracted  to  build  of  steel,  for  a  merchant  house,  a  vessel  of  1200  tons.  This  will  be  the 
first  merchant  vessel  built  of  that  material.  The  plates  will  be  manufactured  at  the 
Mersey  Steel  and  Iron  Works. 

Cejttbifvgal  Pumps. — The  successive  improvements  which  may  be  traced  through  the 
class  of  water  wheels  as  chief  motors  in  transmitting  power.in  which  the  modern  turbines 
are  conspicuous,  have  also  suggested  a  reverse  action,  by  which  the  wheels  and  turbines 
are  changed  into  pomps,  of  which  many  different  patterns  are  now,  and  have  long  been, 
in  use,  operating  as  suction  and  force  lift  pumps.  The  laws  of  maximum  useful  effect, 
which  have  been  very  fully  and  clearly  demonstrated  for  water  wheels,  as  types,  apply  to 
their  reversed  patterns,  as  to  the  form  and  arrangement  of  the  blades,  experiment  having 
demonstrated  a  large  increase  of  the  discharge  With  a  change  from  ordinary  radial  to 
properly  curved  arms,  without  increase  of  power.  The  following  abstract  of  an  experi- 
ment by  Colonel  Morin,  made  at  the  Exhibition,  illustrates  this  point;— 

y0Tm  Revs,  per      Gallons  raised         Height  Useful 

minute.  per  minute.  raised.  effects. 

Carved  vanes  fAppold's) 792  1161  li  ft.  sin.  619 

7*8  1236  19  ft.  lin.  '680 

Inclined  vanes  (-15  deg.) 691  560  li  ft.  -391 

„         698  736  Is  It.  -.131 

Radial  vanes 624  369  Is  ft.  -232 

, 720  171  18  ft.  -243 

With  the  best  form  of  pomp  which  can  he  devised,  useful  effect  is  controlled  by  velocity 
and  lift,  and  the  value  of  this  motor  is  confined  to  low  lifts  under  excessive  speeds.     Ex- 

Seriments  made-  on  Appold's  centrifugal  pomp  show  a  progressive  per  ccntage  of  work 
one  under  a  lift  of  6'5ft.f  with  a  12in.  pomp,  of  212  per  cent,  for  375  revolutions;  59-1 
for  400;  7  I'll  for  105;  an  increase  to  607  revolutions  giving  68"2  per  cent.  To  ratie  water 
«7'6«ft.  required  a  speed  of  1*322  revolutions  ;  and  within  their  special  range  of  applica- 
tion, 70  per  cenf  useful  effect  is  all  that  can  be  claimed  for  the  best  motors  of  this  class. 
Tht>  laws  of  form,  however,  have  been  much  overlooked  In  those  in  ordinary  use,  radial 
blades  being  common  in  practice.  For  baling  large  quantities  of  water  from  foundations 
in  excavation,  and  for  other  uses  where  the  supply  carries  much  sand  and  gravel,  and 
the  facility  with  which  dirt,  gravel,  grain.  4c„  are  passed  through  these  pumps 
is  a  strong  point  in  their  favour,  while  they  have  no  claim  to  merit  on  the  ground  of 
economy  In  power. 

Kxit.osivk  Cowot  WBBs-  M.  Keuv, <,r  Vienna,  has  patented  the  manufacture  of  an  ex- 
plosive  compound  by  treating  cotton  or  other  llgnlrj  lubstance,  irhoae  ohemiaal  formula 
H|n*)|(i,  with  nitric  add  in  a  peculiar  manner,  whereby  lie  obtains  an  explosive 
compound  C-«  H;  \;:  Ojj,  which  may  olao  be  expressed  C|l  +  H78NO4  +  0|0.  The 
Iv  twisted:  washed  In  pure  running  water,  or  under,  a  fall  Par  H  hours 
and  squeezed  ;  dried  in  chambers  al  122  Pain  for  6  to  12  noun;  the  perfectly  dried  yam 
Is  treated  wr  rated  nitric  acid  of  1JS2  -p.  grav.,  und  monohydrated  mlphnric 

acid  of  1.14  sp.  grav.    The  acids  sre  rabed  and  allowed  to  rest  for  24  boars;  the  ram  Is 
immersed  in  this  mixed  add  for  is  noun  In  pots  under  covers, and  frequently  itlrred  :  tie- 
in  the  yarn  1    then  thrown  off  by  submitting  the  yarn  to  the  action  ol  ■  centrifugal 
machine;  the  yarn  1  fresh  running  water  for  is  boon  or  upwards,  and 

again  dried  .  soaked  In  itosb  and  -qui  1  bed  lor  six  d 

running  wati  the  result    The  cotton  is  most 

explosive,  but  entire!    free  from  self  in  is  not  attended  with 

owercan  be  ■  for  weight,  it  has  a  force  equal  I" 

six  times  that  of  ti  irder. 

KrrrcT   ok   Uum>-;i     Action   on    Inn*   Sims.— It  appears  that   it   hot  DOS 

E  roved  beyond  question  that  the  coatingof  Iron  ships  wil  results 
I  a  galvanic  action  which  entirely  destroys  the  iron  plates,  by  converting  thorn 
substance  much  resemblihg  pint                                of  this  action  has  be< 10  verj   mani- 
fest in  the  ra I  /  1  G                                                          1  will  bave  to  !»■  removed 

below  the  water  lino,  and  in  one  of  our  oh  1  ,  irkablc 

Fortunately,  however,  the  Admiralty   have   now  adopts  lute,  which   entlrel- 


obviates  the  difficulty.  The  Triton  has  been  thoroughly  repaired  at  Devonport 
Dockyard,  and  is  now  coated  with  Messrs.  Peacock  and  Buchan's preparation.  It  will  be 
recollected  that  some  years  since  Capt.  Peacock  issued  a  pamphlet  on  the  subject,  and 
that  more  than  two  years  have  elapsed  since  he  pointed  out  to  the  Ministers  of  the  Marine 
in  Paris  and  Madrid  the  danger  of  using  copper. 

Tenders  fob  British  Ibo>-  for  Government.— The  tenders  for  the  supply  of  British 
iron  to  Her  Majesty's  dockyards  were  recently  opened,  in  the  presence  of  the  Lords  of 
the  Admiralty.  There  was  considerable  competition  in  the  iron  trade  for  this  extensive 
contract,  judging  from  the  large  attendance  of  representatives  of  the  leading  firms  and 
manufacturers  of  Staffordshire  and  London.  The  successful  competitors  were  the  old 
established  firms  of  Moser  and  Sons,  of  Southwark  and  Upper  Thames-street,  who  have 
held  the  contract  for  six  years. 

Manufacture  of  Iron  and  Steel. — An  improved  apparatus  for  manufacturing 
malleable  iron  and  steel  has  been  patented  by  Mr.  E.  B.  Wilson,  of  Parliament-street. 
The  apparatus  is  a  new  form  of  Bessemer's  converting  vessel,  in  which  the  air  is  con- 
veyed through  a  throat  from  the  bottom  instead  of  through  tuyeres  in  the  usual  manner. 
The  throat  is  turned  up  60  as  to  form  an  inverted  syphon,  and  when  the  iron  is  suffi- 
cient aerated,  the  vessel  may  be  turned  on  the  trunnions  upon  which  it  is  hung,  and  the 
refined  iron  or  steel  poured  into  the  ingoi  moulds,  or  otherwise. 

Safety  Valves  of  Steam  Botlers.— At  a  meeting  of  the  Academy  of  Sciences  of 
Vienna,  M.  de  Burg  gave  an  account  of  his  experiments  on  the  mode  of  action  of  the 
safety  valves  of  steam  boilers.  These  results  are  in  contradiction  with  the  theoretical 
propositions  upon  which  the  regulations  for  the  dimensions  of  these  boilers  have  been 
based,  inasmuch  as  in  reality  these  valves  do  not  rise  to  a  height  equal  to  one-fourth  of 
their  diameter,  that  is,  one  or  more  inches,  but  only  so  as  to  leave  a  passage  for  the 
steam  whose  diameter  does  not  exceed  the  fraction  of  a  line.  These  apparatus,  there- 
fore, cannot  fulfil  their  object,  which  is  to  give  simultaneous  issue  to  all  the  steam  which 
a  boiler  can  produce  when  it  has  reached  a  determinate  degree  of  tension,  and  thus  to 
prevent  all  danger  of  explosion.  To  fulfil  this  purpose  they  ought  to  be  at  least  six 
times,  and  in  some  cases  twenty  times  larger  than  the  rules  prescribe. 

Manufacture  of  Steel. — An  important  discovery  has  been  made  by  Mr.  Anderson, 
the  Assistant-Superintendent  of  Woolwich  Arsenal,  of  a  simple  process,  by  which  steel  is 
rendered  as  tough  as  wrought  iron,  without  losing  its  hardness.  This  change  is  effected 
in  a  few  minutes,  by  heating  the  metal,  and  plunging  it  into  oil,  after  which  the  steel  can 
be  bent,  but  not  easily  broken. 

The  Electric  Lamp  for  Lighthouses.— In  one  of  his  reports  on  the  Dnngeness 
light,  written  during  the  present  year,  Professor  Faraday  mentions  an  interesting  experi- 
ment. Arrangements  were  made  on  shore  (Mr.  Holmes  being  in  charge  of  the  light),  by 
whieh  observations  could  be  taken  at  sea  about  five  miles  off,  on  the  relative  light  of  the 
electric  lamp  and  the  metallic  reflectors  with  their  Argand  oil  lamps.  At  the  given  dis- 
tance the  eye  could  not  separate  the  two  lights,  but  by  the  telescope  they  were  distin- 
guishable. The  combined  effect  was  a  glorious  light  up  to  the  five  miles.  Then,  if  the 
electric  light  was  extinguished,  there  was  a  great  falling  of  in  the  effect ;  though  after  a 
few  moments'  rest  to  the  eye  it  was  seen  that  the  oil  lamps  and  reflectors  were  in  their 
proper  state.  On  the  other  hand,  when  the  electric  light  was  restored,  the  illumination 
became  again  perfect.  Then,  while  both  were  in  action,  the  reflectors  were  shaded,  and 
the  electric  light  left  alone ;  but  the  naked  eye  could  see  no  sensible  diminution ;  nor 
when  the  reflectors  were  returned  into  effectual  use  could  it  see  any  sensible  addition  to 
the  whole  light  power;  though  the  telescope  showed  that  the  alteration  in  the  lantern 
had  taken  place  at  the  right  time.  Such  was  the  power  of  the  electric  light  that  the 
addition  or  subtraction  of  the  light  of  a  fully  effective  set  of  reflectors,  with  their  lamps, 
would  not  have  been  sensible  to  a  mariner,  however  observant  he  might  have  been. 
Professor  Faraday  enumerates  some  points  which  arc  against,  and  others  in  favour  of  the 
light.  In  the  first  place,  the  simplicity  of  the  present  system  is  very  great  compared 
with  that  of  the  electric  light;  only  two  keepers  are  required  to  a  lighthouse;  they  need 
possess  no  special  knowledge;  ordinary  attention  is  all  that  is  necessary  ;  and  thus  failures 
of  the  light  are  almost  impossible.  In  the  new  system  a  second  set  of  men  will  be  re- 
quired to  attend  the  engines,  and  there  must  be  amongst  them  one  or  more  who  under- 
stand the  principle  and  construction  of  the  lamp  in  the  lantern,  of  the  magneto-electric 
machines,  the  steam  engines  and  the  condensers,  and  be  able  to  make  effectively  the  re- 
pairs necessary  to  the  apparatus.  In  the  next  place,  the  expense  of  the  new  system  must 
be  large  compared  with  that  of  the  present  system.  Other  objections  have  been  made, 
of  which  Professor  Faraday  cannot  see  the  force,  namely,  that  the  light  is  too  bright — 
that  it  gives  a  false  impression  of  the  distance  of  the  lighthouse — and  that  it  blinds  the 
eyes  of  the  mariners  to  the  perception  of  the  lights  on  board  vessels  between  it  and  them. 
These  objections,  he  says,  if  they  have  any  force,  must  be  judged  by  mariners  themselves. 
The  points  in  favour  of  the  magneto-electric  light  are  strong  and  clear  in  relation  to  the 
increase  of  light.  In  cases  where  the  light  is  from  lamp-flames  fed  by  oil,  no  increase  of 
light  at  or  near  the  focus  or  foci  of  the  apparatus  is  possible  beyond  a  certain  degree, 
because  of  the  size  of  the  flames ;  but  in  the  electric  lamp  any  amount  of  light  may  be 
accumulated  at  the  focus  and  sent  abroad,  at,  of  course,  an  increased  expense.  In  con- 
sequence of  the  evolution  of  the  light  in  so  limited  a  focal  space,  it  may  he  directed  sea- 
ward, diverging  either  more  or  less,  or  in  a  vertical  or  horizontal  direction,  at  pleasure, 
with  the  utmost  facility.  The  enormous  shadow  under  the  light  produced  by  the  < . i I — 
flame  burner,  which  absorbs  and  renders  nielesi  the  descending  rays  to  a  very  large 
extent,  docs  not  occur  in  the  magneto-electric  lamp;  ail  the  light  proceeding  in  that 
direction  is  turned  to  account;  and  the  optical  part  of  the  arrangement,  whether 
dioptric  or  reflecting,  might  be  very  small  in   comparison  with  those  in  ordiutiri  use. 

With  reference  to  the  final  experiment  now  taking  p  0  agensss,  though  Pronator 

Faraday  thinks  that  mam  changes  might  he  made  In  tie   lize,  arrangement,  and  adjust* 

men!  of  the  optic  apparatus,  be  reservi  1  ti points  tor  ranges  and  future  consideration, 

aided  by  the  instruction  that  will  arise  from  the  results  of  experience. 

IsON-M.tklNli      "   Ill.oiiMIM.."       file  patent    blooming,  r lit  1>    elected    at  the  Howlais 

[ronworks,  Booth  Wales  was  itartedon  the  nth  ult.,  and  came  off  verj  luaeossful,    it 

el  borisontol  Nils,   Which  are  placed  ill   such   I  manner 
that  the  hloom  >m   being  entered  in  the  lir-t  pair,  posses  through  the  entire  train  without 

the  assistance  of  roughen,  bookers,  &o>,sl  the  n  is  per  hour,    It  is  the 

invention  of  Mr.  Charles  Whits,  ol  the  Toff  Voli  Iron  wo  ..  ,  Treforestv  and  Is  sold  tabs 
one  "i  the  irnatesf  Improvements  known  In  the  Ironworks  tor  many  years. 
PnuifA.ni    Dmmioh,    <m  the  Mih  ult.  the  tube  for  the   eouvi  tetton, 

f           newspapers,  and  packages,  on  tl                                   principle,  Bndwhlohhaj 
one. 1  underground  between  the  rallwaj  Ing-houst  ol   tie- 1 Ion  end  North- 

Western  rth-Westcm  1 H 

lube  ■  in  tSvenholt-street,  1 1  1  rlne-l 1  m  al 

brick  building  on  the  London  rhe 

it  to  the  .hi.  ■  t  •;  •  I  lint  the  tabs  Will  be  ready  for  public  tralllc  tori]  in  the 

1  it  1  hi  s  in- 11  .  i  .  oraplote  wrack  of 

Mr.  I'age'a  dam  al  11 ntrance  ol  th  th  and  Pen  drain     The 

•bun  bad   I '       '  '  '  had 

been  expended  t.  \*  a  moe                                                  rlci  al   Lynn  on  the 

folios  ing  day.  It  was  r,  ami 

m  and  banl  I                                                                                        rritfa 
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Notes  and  Novelties. 


"The  Abtizait 
L    Jan.  1,  1863. 


NAVAL  ENGINEERING. 

Our  Steam  Strength. — At  the  distribution  of  Queen's  Prizes  and  Society  of  Arts' 
Certificates,  held  at  the  Manchester  Mechanics' Institution,  Dr.  Fairbairn,  speaking  on 
our  steam  strength,  said : — The  extent  of  this  force  in  this  country  alone  in  1859  was 
as  nearly  as  follows  :— In  mining  and  metal  manufactures,  the  steam  engines  employed 
represented  the  nominal  power  of  -4.30,000  horses,  indicating  in  reality  1,350,000  horses' 
power.  In  manufactures  the  steam  engines  represented  a  nominal  power  of  1,350,000, 
or,  in  reality,  4,050,000  horses'  power.  In  steam  navigation,  the  engines  employed  repres- 
ented a  nominal  power  of  850,000,  or,  in  reality,  2,550,000  horses'  power.  In  locomotion, 
the  engines  employed  represented  the  nominal  power  of  1,000,000,  or,  in  reality,  3,000,000, 
horses'  power,  the  total  nominal  power  being  3,650,000,  or,  in  reality,  10,950,000  horses 
or  about  11,000,000  horses'  power,  each  raising  thirty-three  thousand  pounds  one  foot 
high  in  one  minute,  or  equivalent  to  the  enormous  force  of  raising  162,053,575  tons  one 
foot  high  in  one  miuute,  or  1,620,535  tons  to  a  height  of  100  feet  in  the  same  time.  This 
was  estimated  as  the  work  done  per  minute  threa  years  ago,  now  it  had  increased  to  up- 
wards of  12,000,000  horses'  power,  which  might  be  taken  as  the  motive  power  in  the 
British  isles  alone.  It  would  be  interesting  to  know  the  quantity  of  coal  consumed  for 
the  purpose  of  generating  a  force  equivalent  to  raising  the  above  enormous  load  of 
9,723,214,500  tons  one  foot  high  in  an  hour.  This  would  require  the  strength  of  11,000,000 
horses  to  accomplish  in  one  hour,  and  this  multiplied  by  five,  the  average  consumption 
of  coal  per  hour  per  horse  power,  gives  24,533  tons,  or  about  25,000  tons,  as  the  rate  of 
consumption  per  hour  for  the  steam  power  of  Great  Britian  and  Ireland. 

The  "  Royal  Sovereign."— On  the  12th  ult.,  the  bending  to  the  required  shape  of 
the  first  of  the  armour  plates  for  this  frigate  took  place.  The  plate  was  brought  to  the 
necessary  form  in  two  heats.  The  bottom  of  each  furnace  which  has  been  built  for  heating 
the  plates,  is  moveable,  and  consists  of  a  strong  iron  frame,  mounted  on  four  wheels.  The 
top  of  the  framework,  which  is  covered  with  layers  of  firebrick,  thus  forming  the  bottom 
of  the  annealing  furnace.  On  these  layers  of  firebrick,  the  plate  for  heating  was  laid  by 
the  aid  of  ponderous  cliphooks,  from  a  beam  suspended  from  a  travelling  tubular  crane. 
The  plate  in  position,  the  carriage  or  bottom  of  the  furnace  was  drawn  into  the  necessary 
heating  position.  The  plate  having  been  brought  to  a  sufficient  heat  was  withdrawn  from 
the  furnace  on  its  carriage,  and  was  then  seized  by  the  clipbook,  and  conveyed  by  the 
travelling  crane  over  two  rows  of  massive  iron  bars,  each  row  being  4ft.  apart,  fixed  up- 
right on  an  iron  bed,  the  rows  of  bars  exceeding  in  length  the  length  of  the  plate.  The 
upper  ends  of  these  upright  bars  are  secured  by  two  transverse  bars  of  great  strength, 
and  are  fastened  by  nuts  and  bolts.  Between  these  upright  bars  are  thrust  other  massive 
bars,  which  have  been  forged  to  the  exact  curve  wanted  to  be  given  to  the  inner  surface 
of  the  armour  plate.  These  moulded  bars  rest  on  the  iron  below,  their  ends  being  held 
securely  by  the  lower  ends  of  the  upright  bars  on  each  side.  The  heated  armour  plate 
was  next  lowered  by  the  crane  and  cliphooks  upon  the  moulded  bars,  and  between  the 
rows  of  upright  bars.  Other  massive  bars,  moulded  to  the  same  form  as  those  under- 
neath, were  then  laid  on  the  top  of  the  plate,  with  their  ends  projecting  through  the  up- 
right bars.  Heavy  iron  wedges  were  driven  over  each  end  of  the  upper  moulded  bars  by 
slung  iron  bars  of  some  hundredweight  each,  and  the  armour  plate  gradually  yielded  to 
the  strain  thus  brought  to  bear  upon  it. 

The  "Royal  Oak." — The  contract  price  paid  by  the  Admiralty  for  the  plates  affixed 
to  this  frigate  is  £37  per  ton.  The  plates  have  an  uniform  weight  of  four  tons,  making 
each  cost  £148.  Taking  the  number  required  to  encase  the  Soyal  Oak  at  280,  the  total 
cost  of  the  armour  plates  alone  may  be  set  down  at  upwards  of  £40,000 ;  in  addition  to 
which,  the  most  powerful  machinery  is  required  to  bend,  shape,  polish,  and  otherwise 
prepare  the  slabs  of  iron  before  they  are  fit  to  be  bolted  to  the  vessel's  side,  thus  raising 
the  cost  of  each  to  nearly  double  its  original  price. 

The  "  Meabee,"  60  guns,  2591  tons,|400  horse  power,  finished  her  trials  at  the  measured 
mile,  off  Maplin  Sands,  on  the  13  ult.,  previous  to  her  departure  for  the  Mediterranean. 
The  following  are  the  results  of  the  trial : — the  ship's  speed  at  lull  boiler  power  9756 
knots;  number  of  revolutions,  60£;  vacuum,  25J;  pressure  of  steam,  20;  draught  of 
water  forward,  22ft.  lOin. ;  aft,  24ft.  Sin. ;  pitch  of  screw,  19ft. ;  diamater,  17ft.  At  half 
boiler  power  the  average  speed  was  6'957  knots  ;  vacuum,  26;  pressure  of  steam,  20; 
revolutions,  60.    The  trial  was  considered  to  be  very  satisfactory. 

The  "  Columbine,"  4,  screw  gun  vessel,  669  tons,  150-horse  power,  underwent  her 
trial  trip  on  the  16th  ult.,  at  the  measured  mile  off  Maplin  Sands.  The  Columbine  made 
six  runs  at  the  measured  mile,  giving  a  result  of  9'614  knots  per  hour,  with  102  revolutions 
per  minute  ;  vacuum,  23  ;  pressure  of  steam,  20.  During  the  trial  there  was  scarcely  any 
perceptible  vibration  from  the  working  of  the  machinery.  After  the  trial  of  speed,  the 
steering  qualities  of  the  vessel,  with  the  old  rudder,  was  tried,  and  the  results  noted  for 
comparison  with  a  similar  trial,  to  take  place  with  Lumley's  patent  steering  apparatus. 
The  first  trial  was  at  full  speed,  helm  starboard  at  an  angle  of  23  degrees,  when  the  circle 
was  made  in  4  min.,  20  sec,,  the  diameter  of  the  circle  being  536ft.  The  second  trial  was 
from  dead  stop,  helm  starboard,  at  an  angle  of  35  degrees ;  the  circle  was  made  in  4 
min.,  30  sec. :  diameter,  693ft.  In  the  third  trial  at  full  speed,  helm  port,  at  an  angle  of 
18  degres,  the  circle  was  made  in  5  min.,  5  sec. ;  diameter  1718ft.  Fourth,  from  dead 
stop,  helm  port,  at  an  angle  of  27  degress,  the  circle  was  made  in  4  min.,  28  sec.  ,| 
diameter,  693ft.  In  the  fifth  at  full  speed,  helm  starboard,  at  an  angle  of  11  degrees,  the 
circle  was  made  in  7  min.,  48  sec.  In  the  sixth  at  full  speed,  helm  port,  at  an  angle  of 
11  degrees,  the  circle  was  made  in  11  min.,  20  sec. 

The  "  Lily,"  200-horse  power,  commissioned  for  the  North  American  and  West  India 
Station  has  made  her  last  official  trial  trip.  The  Lily  attained  an  average  speed,  at  full 
boiler  power  of  10-087  knots  per  hour,  pressure  of  steam  being  19|  ;  vacuum,  25 ;  revolu- 
tions of  engines,  80;  at  half  boiler  power  the  average  speed  was  8'466  knots;  pressure  of 
steam,  16$ ;  vacuum,  25 ;  revolutions,  69.  The  circle  was  made  at  full  speed  in  five 
minutes,  being  equal  to  a  rate  of  10$  knots  per  hour.  The  machinery  and  vessel  worked 
in  an  excellent  manner,  and  the  result  of  the  trial  was  highly  satisfactory. 

Government  Steam  Troop  Ship  "  Orontes." — This  vessel  has  been  launched  from 
Messrs.  Laird's  yard,  at  Birkenhead.  She  is  the  first  government  troop  ship,  and  the 
largest  ever  built  on  the  Mersey — being  300ft.  long,  44ft.  7in.  broad,  32ft.  deep,  with  a 
register  measurement  of  2811  tons.  She  bears  a  great  resemblance  to  the  Himalaya,  the 
successful  working  of  which  vessel  has  convinced  the  'government  that  troop  ships 
specially  built  for  the  purpose  are  more  advantageous.  The  Orontes  will  accommodate 
1100  to  1200  soldiers,  in  addition  to  her  complement  of  officers  and  crew.  She  is  constructed 
of  iron,  is  of  immense  strength,  and  will  be  fitted  with  engines  of  500-horse  power.  The 
total  tonnage  of  vessels  now  building  iu  Messrs.  Laird's  yard  is  between  1700  and  1800 
(including  the  armour-plated  frigate  Agincourt),  giving  employment  to  nearly  3000  men 
in  the  various  departments.  It  is  worthy  of  remark  that  the  Agincourt  700  tons  larger 
than  the  Warrior,  is  being  built  in  a  dry  dock  to  avoid  the  risks'  of  ordinary  launching, 
and  will  be  ready  in  twelve  months. 

New  American  Screw  Ram. — A  New  York  paper  states  that  the  Dunderberg  is 
being  built  378ft.  long,  6S  broad,  32  deep,  with  engines  of  6000-horse  power.  The  hull  is 
built  of  wood,  placed  together  so  as  to  form  a  solid  mass.  The  decks,  sides,  and  floor 
are  also  solid,  and  of  a  great  thickness,  so  much  so  that  if  the  figures  were  given,  all 
would  be  greatly  surprised  at  the  amount  of  wood  used  in  the  construction.  This 
enormous  wooden  hull  is  heavily  plated  with  rolled  iron  plates,  which  cover  the  entire 
upper  portion  of  the  vessel,  and  extend  6ft.  below  the  water  line.  The  weight  of  this 
terrible  armour  is  not  far  from  1200  tons.  The  bow  of  the  vessel,  for  50ft.  abaft  the 
stem,  is  of  solid  wood,  with  no  space  between  the  sides  of  the  vessel,  this  being  covered 


with  iron,  forming  the  most  gigantic  ram  on  record,  having  powers  of  resistance  un- 
equalled in  every  respect.  The  sides  of  this  vessel,  above  the  water  line,  are  7ft.  thick 
and  of  solid  wood,  added  to  which  is  the  heavy  iron  plating.  This  vessel  has  two- 
rudders,  one  at  each  end,  so  protected  that  should  one  become  disabled  from  any  cause, 
the  other  can  be  easily  used.  The  engines  will  give  this  vessel  a  very  high  speed,  so  that 
it  is  presumed  when  she  strikes  a  vessel  she  would  crash  through  her  with  perfect  ease. 
Above  the  main  deck  the  build  is  very  peculiar,  but  at  present  cannot  be  described.  In 
addition  to  a  large  casemate,  containing  heavy  broadside  Jguns,  there  will  be  two  ov 
Ericsson's  revolving  turrets,  each  containing  two  15-inch  guns.  The  naval  register 
puts  her  armament  down  at  ten  guns,  but  it  will  be  much  larger.  The  accommodation 
for  the  officers  and  men  are,  it  is  stated,  to  be  of  a  superior  kind— large,  airy,  and  as 
well  ventilated  as  an  ordinary  ocean  steamer,  yet  giving  to  them  all  the  necessary 
security  in  time  of  action.  In  every  respect  she  will  be  one  of  the  wonders  of  the  age. 
She  is  intended  more  particularly  for  harbour  defences,  but  can  readily  go  to  sea,  as 
she  possesses  all  the  qualifications  for  buoyancy,  Ac.  She  is  intended  to  defy  anything 
else  in  the  shape  of  an  iron-clad. 

Federal  Naval  Experiments.— It  is  stated  that  Captain  Ericsson  has  devised  ma- 
chinery by  which  four  men  can  work  a  gun  weighing  twenty  tons,  in  a  turret.  Another 
invention  has  also  been  tried,  but  without  the  same  success— a  contrivance  for  firing  a 
15in.  gun  inside  a  turret.  To  fire  it  outside  the  turret  would  require  a  port  so  large  that 
a  good  marksman  with  a  rifled  gun  could  hit  it  nine  times  out  of  ten.  Hence  the  neces- 
sity for  some  invention  by  which  the  huge  gun  could  belch  its  thunders  upon  the  enemy 
from  the  inside  of  the  turret  without  filling  it  with  smoke  or  creating  a  concussion  so- 
great  as  to  endanger  the  lives  of  the  gunners.  To  this  end  Captain  Ericsson  invented  a 
peculiarly  shaped  box,  but  which  was  shattered  to  pieces  in  the  trial,  after  three  shots 
were  fired,  It  is  taken  for  granted,  however,  that  the  difficulty  will  be  overcome  m  time, 
and  that  the  Monitors  will  then  be  the  most  formidable  vessels  afloat,  though  it  remains 
to  be  seen  whether  they  may  not  be  run  down  by  a  ram. 

The  Sutlej.  —  The  trial  of  this  frigate  took  place  at  Portsmouth  on  the  5th. 
ult.,  and  was  attended  with  the  most  satisfactory  results  to  all  concerned.  The 
ship  first  steamed  as  far  as'  St.  Helen's  Roads,  when  her  course  was  steered  for  the  mea- 
sured mile  in  Stokes'  Bay,  on  reaching  which  the  required  runs  were  made  at  full  and 
half  boiler  power,  and  circles  made  in  the  ordinary  manner  under  full  steam,  as  follows,, 
the  screw  in  use  being  a  Griffiths,  with  a  diameter  of  17ft.  6in.,  and  a  pitch  of  20ft.,  at 
full  boiler  power:—  _      ,  ,.         „ 

Time  c      j    «.c.u-  Revolution  ot 

No.  of  run.  £lm£  Speed  of  Ship.  Engines. 

1 i    45'   


5  32 

4  32 

5  55 
4  26 

6  13 


12-631 
10-843 
13-235 
10-140 
13533 
9651 


69 
71 
70 
70 
70 


The  ship's  mean  speed  in  the  six  runs  was  11-806  knots.  Two  runs  followed  at  half- 
boiler  power,  the  first,  giving  the  ship  a  speed  of  10-876  knots  with  the  tide;  and  the 
second  against  the  tide,  and  in  the  face  of  nearly  half  a  gale,  slightly  on  the  starboard' 
bow,  of  6-101  T;nots;  the  mean  of  the  two  being  a  speed  of  8-498  knots.  Getting  the 
steam  up  again  to  its  full  pressure,  the  ship  was  next  tested  in  making  complete  circles  to 
port  and  starboard,  and  in  moving  the  engines  to  signal  from  the  deck  bridge.  The  helm 
was  first  put  to  starboad  with  2f  turns  of  the  wheel,  bringing  the  rudder  to  an  angle  of 
19  degs.,  when  the  half  circle  was  made  in  3  min,  50  sec,  and  the  full  circle  in  7  min.  42 
sec.  With  the  helm  to  starboard,  and  2J  turns  of  the  wheel,  bringing  the  rudder  to  an 
angle  of  22$  degs.,  the  half  circle  was  made  in  3min.  42  sec,  and  the  full  circle  111  7  min.. 
1  see.  Eleve  n  men  were  stationed  at  the  wheel.  At  the  conclusion  of  the  circle  trials 
the  machinerv  of  the  ship  was  tested  in  its  movements,  in  answer  to  the  signal  given 
from  the  ordinary  iron  rod  and  bevelled  wheel  telegraph  of  the  upper  deck  bridge.  From 
the  time  of  moving  the  telegraph  handle  on  the  bridge,  the  engines  were  brought  to  a 
state  of  rest  from  full  speed  in  19  seconds.  They  were  next  turned  astern  and 
full  speed  attained  in  9  seconds;  and  from  full  speed  astern  to  full  speed  ahead, 
only  24  seconds  elapsed.  The  working  of  the  engines  and  boilers  was  all  that  could  be 
desired  on  every  point.  The  weather  was  not  the  most  desirable  for  developing  the  best 
steaming  powers  of  the  ship,  as  the  wind,  which  was  at  a  force  of  from  3  to  4  from  south 
at  the  commencement  of  the  runs  at  the  mile,  gradually  increased  until,  as  the  tullpower 
trials  drew  to  a  close.it  blew  nearly  half  a  gale,  with  the  wind  slightly  backing  to  the- 
eastward.  This,  of  couse,  had  a  very  prejudicial  effect  upon  the  ships  speed,  and  especially 
in  the  two  runs  at  half  boiler  power. 

Naval  Appointments.— The  following  appointments  have  taken  place  since  our  last. 
R.  E.  Ramsey,  acting  Second-class  Assist.  Engineer  to  the  Indus,  as  supernumerary;  J. 
Redgrave,  acting  Second-class  Assist.  Engineer,  to  the  Dromedary;  S  Madden,  OhieL 
Engineer  to  the  Indus  for  the  Pelorus;  W.  H,  Houghton,  acting  Chief  Engineer  to  the 
Asia,  as  supernumerary;  C.  A.  Hobbs  and  R.  Sampson,  Chief  Engineers  to  the  Asia,  tor 
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Engineers,  to  the  Niagara  and  Pulades,  respectively;  W.  M.  Chambers,  Chief  Engineer,. 
R.  Winter,  and  A.  Purvis,  First-class  Assist.  Engineers,  and  J.  A.  Shawyer  and  J.  btout, 
Second-class  Assist.  Engineers, to  the  Pylades;Y.  Pursell,  acting  First  class  Assist  En- 
gineer, to  the  Cumberland,  for  the  Spanker;  J.  Runnalls,  acting  Second-class  Assist  hnp. 
leer,  to  the  Indus,  as  supernumerary;  J.  Lan  gland,  Engineer,  J.  B.  Lidded,  First-class 
Assist.  Engineer,  and  J.  Conolly,  Second-class  Assist.  Engineer  to  theS hem ^?*^y^~ 
Murray,  Acting  First-class  Assist.  Engineer,  to  the  Indus,  for  the  Clmker;  R.  V >  iddecombe 
in  the  Aboukir,Vt.  P.  Ward,  in  the  Liffey,  J.  R.  Hancock,  in  the  Fox,  H.  J.  Wilson,  and" 
T.  Cross,  in  the  Asia,  and  A.  Smart,  in  the  Pembroke,  to  be  First-cla^s  Assist  Engineers ; 
J.  Miller  (a),  in  the  Man,  J.  Manhinnick,  in  the  Ariel,  A.  J.Barton,  mthe  Wanderer  imi 
J.  Phillips,  in  the  Clio,  to  be  acting  First-class  Assist  Engineers ;  h  Swift  Chief. 
Engineer;  to  the  Asia,  for  the  Neptune;  J.  A,  Barton,  Chief  Engineer,  to  the  Cumberland,. 
for  the  Ampldon;  J.  Downe,  Engineer,  to  the  Indus,  for  the  Srjion;  J.  Jrome,  Acting 
Engineer,  to  the  Indus,  for  the  Partridge;  H.  G.  Burr  and  W.  Harvey,  Acting  feeeond- 
clals  Assist,  Engineers,  to  the  Cumberland  and  Indus  respectively,  as  supernumeraries  ; 
C  Jeelv  Chief  Engineer,  to  the  Cumberland,  for  the  Soylla;  W.  Bremner,  Second-class 
Assist.  Engineer,  to  the  Cumberland  as  supernumerary;  T.  Owen,  Acting  bacond-class- 
Assist.  Engineer,  to  the  Indus,  for  the  Prcspero. 

MILITARY  ENGINEERING 

Akmstrong  and  Whitworth  GuNs.-Sonie  additional  experiments  have  taken  place 
at  Shoeburvncss,  with  12-pounder  Armstrong  guns  fired  against  Mr.  Scott  Russell  s 
target.  A  new  form  of  round-fronted  shot,  recently  produced  by  Sir  W.  Armstrong; 
was  used,  and,  with  the  ordinary  charge,  penetrated  much  deeper  than  the  \\  hit  worth- 
shot  On  the  3rd  ult.  the  target  fired  against  by  the  Whitworth  shells,  and  the  timber 
backing  of  which  was  said  to  have  been  completely  shattered  by  the  explosion  under- 
went an  examination,  and  it  was  found  that  no  serious  injury  to  the  timbers  beyond 
what  usually  arises  from  the  shock  of  firing  had  taken  place.  A  fragment  of  one  of 
the  iron  plates  was  driven  into  the  backing,  but  the  injury  spread  no  tavthei;  and  it 
is  asserted  by  artillery  officers  present  that,  as  an  explosive  missile,  Hie  Whitwoith 
shell  lias  thus  far  done  no  material  injury  to  the  timber  backing  ot  the  target. 
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Loxg  xjtd  Short  Projectiles. — Since  the  ordnance  stores  have  been  rilled  with  long 
lead-coated  shot  sufficient  to  last  for  several  years — if  they  can  be  made  to  keep  without 
deterioration  from  galvanic  action—  it  is  said  to  have  been  discovered  that  short  shot  are 
the  proper  thing-.  Lately  projectiles  weighing  from  501b.  to  6Slb.,  instead  of  1101b.,  have 
been  fired  from  the  110-pounder  guns  at  Shoeburyness,  and  a  velocity  of  from  1550ft.  to 
1600  ft.  per  second  obtained  by  increasing  the  powder  charges.  This  is,  however,  still 
below  that  of  the  631b.  shell,  which  has  a  velocity  of  1810  ft.  per  second,  while  the  solid 
ball  from  the  same  gun  has  a  velocity  of  1580  ft.  per  second,  with  the  very  large  windage 
of  two-tenths  of  an  inch— but  will  the  fine  grooving  stand  the  strain  due  to  the  increased 
velocity  given  to  the  short  projectile  ? 

Solid  Drawn  Gu>'  Barbels. — On  the  2nd  ult.,  by  the  permission  of  the  court  of  the 
company,  some  very  interesting  experiments  were  made  at  the  proof-house  of  the  Gun- 
makers'  Company,  Wbiteehapel,  on  a  fowling  piece  and  rifle  barrel  made  by  the  new 
process  of  solid  cold-drawing,  of  which  Messrs.  Christoph,  Harding,  and  Hawksworth, 
are  the  patentees.  By  this  process  the  metal  is  drawn  cold  by  means  of  the  hydrostatic 
ram,  and  thus  a  saving  is  effected  to  the  extent  of  one-half  the  metal  now  consumed  by 
the  hot  process.  For  instance,  about  101b.  of  metal  is  now  used  in  making  an  Enfield 
rifle  barrel,  which  when  made  weighs  only  about  4jlb.,  the  remainder  of  the  metal  being 
consumed  in  the  manufacture.  By  the  present  process  two  rifle  barrels  can  be  drawn 
from  the  same  amount  of  metal,  equally  strong  in  every  respect  to  those  now  made.  The 
barrels  tried  were  drawn  from  a  new  kind  of  cast  steel  and  subjected  to  the  following 
proofs : — 

Rifle  Barrel. 

First  proof. 7i  drachms  of  powder 

2  wads 

1  ball  af  510  grains    Xo  effect 

Second  proof. Same  powder 

2  balls No  effect 

Third  proof. 10  drachms  of  powder 

3  balls Ditto. 

Fourth  proof. 15  drachms  of  powder 

5  balls Ditto. 

The  fowling  piece  was  put  to  the  following  proofs : — 

First   proof lOf  drachms  of  powder 

2  wads 

One  round  ball  of  14  to  the  pound Xo  effect 

Second  proof. Same  powder 

2  wads 

2  round  balls Xo  effect 

I;  was  then  determined  to  bnrst  this  barrel  by  putting  in  a  proof  charge  and  two  balls, 
then  cramming  the  muzzle  of  the  barrel  to  the  extent  of  two  inches  with  moist  clay. 
The  result  was  that  the  barrel  burst  at  the  bottom  of  the  clay,  only  tearing  oft'  about  two 
inches  of  its  length,  and  showing  no  other  signs  of  injury.  A  similar  barrel,  proved  at 
Birmingham,  only  slightly  bulged,  with  20-drachms  of  powder  and  three  balls.  Several 
specimens  were  also. exhibited,  showing  the  applicability  of  this  process  to  drawing  hollow 
tubes  in  iron  or  steel  of  any  shape,  and  almost  any  reasonable  length. 

New  Defences  at  Portsmouth. — Some  hundreds  of  men  are  employed  at  Portsdown- 
hi!l  in  the  construction  of  an  important  line  of  forts,  extending  from  Bedhampton  to 
Fiireham,  by  Partington,  Parbrook,  and  Crookhom,  three  forts  forming  a  triangle,  and 
connected  together  by  galleries,  parapets,  and  ditches,  excavations  only  being  as  yet  made 
under  the  lirs:  contract ;  and  by  Windmill  or  Widley  fort,  where  brickwork  as  well  as  ex- 
cavations are  in  progress;  by  Southwick  fort,  the  most  elevated  of  the  whole  series,  and 
tlie  one  must  immediately  opposite  the  dockyard,  and  which,  as  well  as  the  next  at  Widley 
i-  vast  developing  Its  extent  and  form  ;  by  Xelson  fort,  which  is  being  erected  attheObe- 
lisk;  and  next  by  Port  Wellington,  which  crosses  fire  with  Fort  Fareham  on  the  opposite 
side  of  the  creek.  Fort  Wellington  is  a  work  of  great  strength  and  extent.  Fort  Fare- 
ham  is  included  in  this  line  of  forts  as  a  deience  to  Portsdown  on  the  west.  Widley,  South- 
wick, and  Xelson  torts,  which  are  contracted  for  by  Messrs,  Treadwcll,  will  be  supplied 
with  water  from  one  reservoir  formed  at  Southwick.  The  six  first  mentioned  contracts  do 
not  include  barracks  and  other  works,  but  the  plans  are  complete.  The  revetments  of  all 
the  ditches  will  be  of  chalk  masonry  and  Hint. 

STEAM  SHIPPING. 
The  Steamship  "Grbat  K.ivtkkv." — Mr.  C.  H.  Haswell.  of  Xew  York,  has  addressed 
the  following  letter  to  Messrs.  Rowland  and  Aspinwall,  upon  the  subject  of  the  repairs  to 
,  <it  Eaftt  rh,  rendered  necessary  in  consequence  of  the  last  accident  to  this  vessel : 

— "New  York,  It mber  3rd,   i-;j     Gentlemen, — In  conformity  with  your  request,  I 

lay  visited  the  steamship  rn,  anchored  oft'  White  Stone,  for  the  purpose 

tunning  the  nature  and  extent  of  the  injuries  received  by  her  in   her  late  collision 

with  a  submerged  rock,  and  the  character  of  the  repairs  rendered  necessary  and  in  pro- 

iii  consequence  of  that  collision — and  having  discharged  this  duty,  I  submit  the 

Following  report  —I  pon  my  arrival   I  examined  the  hull  externally  above  water  and 

within  board,  to  ascertain  if  it  gave  t\  Idem f  any  unresisted  stress  since  my  survey  of 

her  upon  a  previous  voyage.  Having  satisfied  myself  upon  this  point,  I  descended  from 
without  tli,-  lmli  to  within  the  coffer  Inclosing  the  rapture  in  her  botton,  and  also  from 
within  the  hull  between  tin-  outer  and  inner  plating,  again  to  down  to  the  place  of  rup- 
ture, bring  b  iled  to  examine  tin-  full  extent  of  the  Injuries  to  tin- 
m  of  the  hull  covcre  ind  tin-  character  of  tin-  repairs  being  made 
i  full  consideration  of  the  element!  presented,!  am  of  tin-  opinion: 

h  hi  tricted  to  a  partial  crashing  of  tw \, 

her  bottom,  uiioii  tin-  porl  side,  and 
thai  ii.    bull  "t  of  rapture,  above  water  ami  within 

board       h  iredby  tne  collision.    2nd    That  the  repairt  to  her  bottom,     > 

made,  \\a\  ed  in  a  manner  to  restore  11  to  Us 

leaks  and  rei  ind  that  the  di  i  tin-  method  of  effecting 

repairs  ami  tin-  manner  of  ,  iccuting  them,  relied  high  credit  to  all  i  one*  rned.  in  con- 
Ion  with  this,  ii  to  tho  construction  of  the  bottom  of  the  vi 
order  that  II  may  appear  how  pe  ■  :■■■  like  that  which 
:curred  t"  ii  of  an  outer  and  Inner  plating  ofea.ua] 
thickness,  with  an  intervi  i  ■  ■■  thirty  live  inches,  the  connection  between  the 
plain.  -  of  thirty-two  webs  or  keelsons  running  for.-  ami  aft,  ami  thirteen 
athwart  ships,  whereby  th                     divided  into  a  series  oi  apartments  or  oe 

iiunical betw     n  tli    n  imand,  and  from   within  board  b 

man-hole  plates.     In  the  event,  therefore,  of  tl utcr  plating  alone  being  ruptured,  a- 

in  tli-  din  the  bull, 

ivoen  tin-  pli 

beyond  the  lit cells  inclosing  tin-  rapture.     I  iting  tin-  n 

my  survey  to  the  I  nderwrltcrs  here,  ■!'-.   London,    I     hall  report    I, 

worthiness  -provided  the  repairs  now  in  advanced  progi  mpleted    -to  be  of  the 

■  ioo  which  h  them." 

intended  for  tin-  No  di  ntschen-Lloj  . 
launched  from  tli.   yard  of  Messrs.  t  .or. I  nni  nock.     Sin-  i-  of  l'.Vni  ton 

fe  the  fourth  vessel  of  tin  -Hit  by  this  tirm  for  thai 


is  360ft.  in  length,  40ft.  breadth  of  beam,  and  34ft.  depth  of  hold.  She  is  to  be  fitted 
with  a  pair  of  inverted  cylinders,  direct  acting  engines  of  500-horse  power,  nominal, 
capable  of  being  hvorked  up  to  1800-horse  power.  Messrs.  Caird  have  besides  on  the 
stocks  another  steamer  of  the  same  dimensions  for  the  Hamburgh  and  American  Steam 
Packet  Company,  a  mail  steamer  for  the  London  Brighton  and  South  Coast  Railway 
Company,  and  five  paddles  for  the  home  trade. 

The  "Electric,"  screw  steamer,  intended  to  ply  between  Belfast  and  Liverpool,  was 
recently  launched  from  the  yard  of  Messrs.  Todd  and  M'Gregor,  of  Glasgow.  Her  dimen" 
sions  are— length  210ft.,  breadth  of  beam  27ft.  Another  steamer,  similar  to  the  Electric 
and  intended  for  the  same  trade,  will  soon  be  completed  by  Messrs.  Todd  and  M'Gregor 

The  "Palermo,"  screw  steamer,  of  409  tons  register,  the  property  of  Messrs.  Florio 
and  intended  for  the  Sicilian  and  Italian  trade,  has  been  launched  from  the  building  yard 
of  Messrs.  Scott  and  Co.,  Cartsdyke.  Her  engines,  which  will  be  of  110  horse-power,  will 
be  supplied  by  the  Greenock  Foundry  Company,  The  Palermo  is  nearly  similar  in  size 
to  the  Etna  and  Campidoglio,  recently  launched  by  the  same  firm  and  for  the  same  owners. 

The  "  Undine  Yacht.'' — This  handsomely  fitted-up  steamer,  belonging  to  the  Duke 
of  Sutherland,  recently  fitted  with  engines  by  Messrs.  Jas.  Watt  aad  Co.,  made  a  trial 
trip  down  the  river  on  the  1st  ult.,  for  the  purpose  of  testing  her  speed  by  the  measured 
mile.  The  following  is  the  result  as  registered  by  Troddam's  tables : — 1st  trip  in  5  min., 
35  sec. ;  2nd  in  5  min.,  38  see. ;  3rd  in  4  min.,  46  sec. ;  4th  in  4min.,  49  sec. ;  5th  in  6 
min„  36  sec;  7th  in  7  min.,  4  sec. 

TELEGRAPHIC  ENGINEERING. 

Telegraph  Feat. — The  wonderful  feat  of  writing  by  telegraph  direct  through  a  con- 
tinuous line  of  3500  miles,  has  beem  achieved  in  the  United  States.  Between  4  and  5 
p.m.,  a  news  message  was  soit  to  San  Francisco,  to  which,  a  few  minutes  afterwards,  a 
return  message  was  received,  dated  San  Francisco,  Xov.  6th,  2£  p.m.,  was  answered  at 
2  p.m.,  or  three  hours  before  it  was  sent,  in  the  usual  order  of  time.  The  difference  in 
time  between  the  two  cities  is  three  hours  and  fourteen  minutes. 

Telegraph  to  America. — Another  attempt  is  being  made  to  raise  the  necessary  capital 
for  testing  the  great  experiment  of  uniting  this  country  with  America  by  means  of  sub- 
marine telegraph.  It  appears,  also,  that  the  directors  have  received  a  tender  from  Messrs. 
Glass,  Elliott,  and  Co.,  who  agree  to  make  and  lay  a  cable  from  Ireland  to  Xewfoundland 
on  conditions  peculiarly  favourable  to  the  company. 

Submarine  Cables. — The  Gutta  Percha  Company  have  recently  published  a  list,  which 
shows  that  fifty-one  submarine  cables  have  been  undertaken  between  1851  and  1862, 
and  that  the  entire  number,  with  the  exception  of  seven,  are  at  present  in  good  working 
order. 

The  Telegraph  to  India  Company. — At  a  meeting  recently  held  of  this  company- 
tbe  report  was  unanimously  adopted.  The  Indian  Government  have  determined  to  con- 
struct a  line  from  Bagdad  to  Kurrachee.  The  Company's  line  between  Jubal  and  Alexan- 
dria continues  to  work  most  satisfactorily.  The  Indian  Government  refused  the  application 
for  a  guarantee  to  enable  the  Company  to  establish  a  new  Red  Sea  line.  The  directors, 
therefore,  recommend  the  Company  to  continue  to  work  the  land  line  in  Egypt,  and  the 
cable  between  Suez  and  Jubal,  retaining  the  firman's  instruments  and  other  property  in 
Egypt,  as  in  the  event  ot  the  Bagdad  line  proving  inadequate  to  the  requirements,  or  from 
any  other  cause  which  shall  indicate  the  need  of  an  alternate  means  of  communication, 
the  company  would  no  doubt  receive  the  cordial  support  of  Her  Majesty's  Government 
and  of  the  public  in  continuing  the  line.  The  200  miles  of  cable  which  was  expected 
shortly  to  arrive  will  be  disposed  of  at  once. 

RAILWAYS. 

Railwav  Chairs.— Mr.  Antonio  Gabrielli,  of  Turin,  proposes  an  improved  wrought- 
iron  chair  for  securing  rails.  The  chair  is  composed  of  two-wrought  iron  plates,  one 
overlying  the  other.  The  under  plate  is  made  rectangular,  and  forms  the  base  of  the 
chair]  and  the  upper  plate,  which  is  smaller,  lies  across  it  diagonally,  but  so  that  its  cx- 
tremeties  extend  to  the  ends  of  the  base  plate.  These  plates  "are  connected  together  by 
a  central  bolt,  which  forms  a  pivot  far  them  to  turn  on.  The  central  bolt  is  driven  into 
the  wooden  sleeper.  The  jaws  of  the  chair  are  formed  by  turning  up  portions  of  the 
sides  of  the  two  plates,     Iron  clamping  pieces  arc  used  between  the  rail  and  chair. 

Iron  Railway  Carriages. — The  Pennsylvania  Railroad  Company  are  having  iron  cars 
constructed  for  use  on  their  road.  It  is  supposed  that  they  will  be  much  lighter  and 
stronger  than  wooden  cars,  last  much  longer,  and  be  much  more  secure  from  accident. 

RAILWAY  ACCIDENTS. 

Accident  on  the  Great  Eastern  Railway. — A  serious  accident  on  the  morning 
of  the  7th  ult.,  took  place  on  the  Great  Eastern  Railway,  by  which  considerable 
damage  was  inflicted  on  the  permament  way  ami  rolling  stock.  The  train  which  leaves 
Hertford  at  1  a.m.,  and  is  due  at  Sboreditch  at  9.30  a.m.,  had  scarcely  got  upon  the  main 
line  when  the  engine  left  the  rails,  currying  with  it  the  tender  and  several  of  the  carriages. 
All  the  up-trallie  was  interrupted  for  a  long  time.  To  prevent  any  collision  between  the 
disabled  train  and  the  express  from  Norwich,  which  was  due  in  about  half-an-hour  or 
twenty  minutes,  men  were  sent  forward  with  danger  Signals,  at  the  sight  of  which  the 
driver  of  the  express  promptly  brought  his  train  to  a  stand-till. 

FliL  OI  a    Railway  Tinski,, — Twelve  or  fifteen    yards    of  the   end  of  a   tunnel  id 

Oakcnshaw,  on  tin-  Cleckbeaton  branch  of  the  Lancashire  and  Yorkshire  Railway,  fell 

on  the  morning  of  the  23rd  ult.,  completer!  blocking  up  the  passage,     A  mail  train  from 

Miiiield,  which  should  have  reached  Bradford  at  a  quarter  before  si\  in  the  morning, 
ran  into  the  midst  of  tin-  rubbish,    The  engine  wo    Brail]  embedded,  bnl  the  passenger 

carriages  were  s backed  out     There  was  no  lossof  life,  or  other  serious  persona] 

Injury,    a  common  mad  .-ros-ed  tin-  poritoii  of  the  tunnel  which  fell  in. 
i   ii  i.isidv  on  tiii;  Grbat  Nobthbrh  Hallway.     I  collision,  Involving  serious  Injury 
i  ii  po    angers,  ami  a  greal  loss  of  property,  happened  mi  tho  afternoon  of  the 
.Mil,  nit,,  at  tin-  Barnel  Station  of  tin-  Greal  Northern  Railway.    According  to  tin-  par- 

tienlars,  it  appears  that  abOUl  lour  O'clock  on  Ih.-  :  !  ■.  a  eoal  Irain  WO  I   I 

hunted  out  of  the  tiding  on  to  tin-  main  Une.bul  what  precautions  were  taken  to  pi 

tin-  road  while  this  work  was  being  performed  bj  putting  on  tin-  auxiliary   signal  ho 

transpired,    it  would  seem  that  tin-  shunting  wai   going  on  when  the  up-express  tram 

from  the  north,  doe  al  Klng's-cro  •  aboul  a  quarter-pa  :  four,  wai  heard  coming  up  il 

J  rate  of  speed,  not  having  to   topattl  [hi   obstruction  was  observed 

driver  of  the  engine,  bul  thi  -h  tenet  ■■■■  i   n  enable  him  to  bring  up 

dashing  Into  tho  coal  waggon      To  add  to  the  difficulties,  there  Is  a  descent  in 

ih.  1 1 1,  i  approaching  Bo  ncl  from  Potter1    Bar  of]  i-i  MO,  and  being  t  arlstmas  Eve  the 

n.iiii  was tallj  heavy,    'fin-  shock  of  the  collision  is  described  a-  having  been  verj 

I  i  i     win    thro*  tin-  line   in  great 

confusion,  bringing  down the  railway,  ami  ploughing  up  the 

permanent  wo       tin    i I  of  thopassengoi  tram  bad  been lowhat  roduced,  but  the 

Ion  ■■  with  which  it  - 1 ,  iscd  the  engine  and  tendi  i 

to  leave  tho  motal  an  alarming  crash  among  th  I    erious 

Injuiy  to  several  of  thi  po    engi         I     hi  thrown  over  in  such  a  way 

entirely  Wool    Dp  tho  line,  tho  moil  prompt  measures  were  taken  to  warn  the 
op  ami  dow  a  trains.    C  to  work  to  •  loar  the  road, 

but  it  was  some  hours  ere  the  traflli dd  be  resumed,  occasioning  ti  lncon> 

to  the  I    rollers  leavin)  -  I     don. 
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Accident  near  Hereford. — On  the  morning  of  the  25th  ult.,  an  accident  occurred  on 
the  Merthyr  and  Brecon  railway,  by  which  one  life  was  lost  and  several  persons  seriously 
injured,  some  of  whom  were  not  expected  to  recover.  It  appears  that  several  workmen 
hurriedly  got  into  some  empty  trucks  at  the  commencement  of  a  steep  incline,  without 
attending  to  the  break.  The  waggons  started  off  down  the  incline  at  great  speed  ;  the 
foremost  was  thrown  off  the  rails,  and  the  others  coming  along,  a  concussion  ensued, 
and  the  whole  were  shattered  to  pieces,  the  occupants  being  thrown  about  in  all 
directions. 

BOILER   EXPLOSIONS. 

Fatal  Boiler  Explosion  at  Oldham.— On  the  16th  ult.,  a  serious  boiler  explosion 
took  place  at  Messrs.  Evans,  Barker,  and  Co.'s  Hartford  Colliery,  Lyon  Dam,  Oldham. 
A  man,  who  was  employed  by  the  engineer  to  do  "little  jobs  "  for  him,  such  as  clearing 
away  the  ashes  from  about  the  boiler  furnace,  was  blown  down  by  the  force  of  the 
shock,  and  covered  by  the  debris  of  the  shed.  The  end  of  the  boiler  was  driven  com- 
pletely out,  and  the  furnace  door  torn  off,  as  well  as  the  brickwork  destroyed. 

Boiler  Explosion. — On  the  16th  ult.,  an  explosion  occurred  at  Cam  Brea  Mine,  by 
the  boiler  attached  to  the  stamps-engine  bursting  with  great  violence.  One  man,  car- 
penter of  the  nine  stamps,  was  killed,  and  several  others  were  severely  injured.  Cam 
Brea  Mine  is  the  property  of  a  company,  and  is  one  of  the  most  extensive,  as  well  as 
productive,  tin  and  copper  mines  in  the  county.  It  has  no  less  than  fourteen  large 
engines  connected  with  it,  rearing  their  immense  shafts  and  flywheels  over  an  extended 
district.  One  of  these  engines  is  known  as  the  stamps  engine ;  it  is  of  great  power, 
being  32  inches  in  the  cylinder.  It  is  worked  by  means  of  four  horizontal  boilers,  placed 
side  by  side.  It  was  the  most  easterly  of  these  which  exploded  about  half-past  eight 
o'clock,  in  the  morning,  with  a  noise  so  great  that  it  was  heard  all  over  the 
neighbourhood. 

Boiler  Explosion  near  Baxenden. — On  the  19th  ult.,  a  boiler  explosion  occurred 
about  half-past  three  in  the  afternoon,  at  the  small  factory  occupied  by  Hargreaves  and 
Bateson,  Bising  Bridge,  near  Baxenden,  by  which  three  boys  lost  their  lives.  The  boys 
were  playing  in  the  boiler-house  when  the  explosion  took  place,  and  by  all  appearances 
they  were  scalded  to  death.  The  cause  of  the  explosion  has  been  attributed  to  the  fact 
that  the  under  part  of  the  boiler  had  collapsed,  and  that  the  steam  had  forced  its  way 
out  by  the  flue. 

Boiler  Explosion  at  Masborough. — On  the  morning  of  the  3rd  ult.,  an  explosion 
of  a  boiler  took  place  at  Messrs.  Beatson  and  Co.'s  Midland  Ironworks,  Masborough,  near 
Sheffield,  by  which  seven  lives  were  lost  and  a  number  of  persons  seriously  injured,  and 
also  a  vast  amount  of  injury  done  to  property.  The  rolling  mill  occupied  a  large  space 
in  the  centre  of  the  works,  and  it  was  in  this  part  that  the  calamity  took  place.  Several 
boilers,  of  various  dimensions,  were  fixed  in  the  mill,  to  furnish  the  power  necessary  to 
work  the  large  number  of  rolls  that  are  in  use.  One  of  these  boilers,  nearly  the  largest 
in  the  place,  was  embedded  midway  between  two  smaller  ones,  at  about  80  yards  from 
the  entrance  gate.  Behind  theboiler,  looking  westward,  was  a  large  space  unroofed,  occupied 
by  vast  heaps  of  refuse.  Beyond  these  was  the  boundary  of  the  works  on  that  side — a 
large  green  field  leading  to  the  Fern,  the  residence  of  Mr.  Beatson.  Eastward,  the  space 
■was  occupied  by  a  large  number  of  puddling  furnaces,  rolls,  and  engines,  the  machinery 
attached  to  the  latter  being  of  the  most  ponderous  description.  The  roof  of  the  shed  was 
partly  sheet  iron  and  partly  slate,  and  the  supports  were  wooden  and  iron  beams,  crossed 
upon  very  large  iron  pillars.  Near  the  boiler  were  two  enormous  chimneys,  into  which  the 
flues  from  the  several  of  the  boilers  and  furnaces  were  conducted.  A  few  minutes  after 
seven  o'clock  in  the  morning,  there  were  about  150  men  and  boys  employed  in  the  shed, 
when  a  loud  report  was  heard,  the  large  boiler  was  launched  forward  into  the  mill,  and  in 
an  instant  the  whole  place  was  in  ruins.  The  two  huge  tubes  of  the  boiler  were  pro- 
jected with  immense  force  to  the  rear  of  the  premises,  on  to  the  open  space  mentioned 
above,  being  accompanied  in  their  flight  by  showers  of  red-hot  bricks  from  the  bed  of  the 
boiler,  slates  and  sheets  of  iron  from  the  roof  of  the  shed,  and  other  portions  of  the  debris 
which  covered  the  whole  space  around.  The  boiler  itself  was  launched  forward  with  in- 
conceivable force,  right  into  the  body  of  the  rolling  mill.  Before  this  missile  everything 
went  down  like  so  many  reeds.  The  supports  of  the  roof  were  broken — solidiron  columns 
of  12in.  or  14in.  thickness  snapping  short  off,  as  if  they  had  been  made  of  glass.  An 
immense  fly-wheel  of  solid  iron,  the  metal  being  the  thickness  of  a  man's  body,  was 
broken  in  two  places,  and  a  cog-wheel  of  even  larger  size  was  also  instantaneously  snapped 
asunder  by  the  force  of  the  blow.  The  exterior  of  the  mill  also  bore  numerous  and  seri- 
ous traces  of  the  force  of  the  explosion  and  the  extent  of  the  destruction.  One  of  the 
mill  chimneys,  a  solid  structure  of  130  feet  high,  was  "  scarred"  from  the  bottom  to  the 
summit  with  the  marks  of  the  blows  it  had  received  from  the  bricks  and  fragments  of 
iron  and  machinery,  which  were  shot  up  from  below.  The  damage  to  the  works  is  esti- 
mated at  £3,000,  but  a  much  greater  loss  will  be  occasioned  by  the  stoppage  during  the 
winter  months. 

Boilek  Explosion  near  Alnwick. — An  accident  recently  occurred  at  Eoek  Moor 
House,  a  farmstead  in  Northumberland,  and  situated  near  Alnwick,  by  the  explosion  of 
a  boiler  attached  to  a  thrashing  machine.  The  explosion  took  place  during  the  dinner- 
hour,  and  when  nearly  twenty  persons  were  warming  themselves  at  the  furnace.  Six  were 
killed  on  the  spot,  and  others  fatally  hurt. 

The  Manchester  Association  eor  the  Prevention  oe  Steam  Boiler  Explo- 
sions.— At  the  ordinary  monthly  meeting  of  the  Executive  Committee  of  this  Asso- 
ciation, held  on  November  25th,  1862,  the  Chief  Engineer  presented  his  monthly  report, 
of  which  the  following  is  an  abstract  — "  During  the  past  month  there  have  been 
examined  365  engines  and  547  boilers.  Of  the  latter,  8  have  been  examined  internally,  60 
thoroughly,  and  479  externally,  in  which  the  following  defects  have  been  found  : — Frac- 
ture, 5  (1  dangerous) ;  corrosion,  3S  (3  dangerous) ;  safety-valves  out  of  order,  13;  water 
gauges  ditto,  31;  pressure  guages  ditto,  9;  feed  apparatus  ditto,  6;  blow-off  cocks  ditto, 
47  (1  dangerous) ;  fusible  plugs  ditto,  3 ;  furnaces  out  of  shape,  6  (2  dangerous) ;  blistered 
plates,  3;  deficiency  of  water,  1.  Total,  162  (7  dangerous).  Boilers  without  glass  water 
gauges,  10;  without  pressure  gauges,  2;  without  blow-off  cocks,  38;  without  back  pres- 
sure valves,  78.  An  explosion  has  occurred  this  month  to  the  boiler  of  a  first-class  pas- 
senger locomotive  engine,  by  which  three  persons  were  killed  and  others  injured.  It  was 
considered  to  be  perfectly  safe,  had  been  on  duty  the  previous  day,  and  was  being  cleaned 
ready  for  work  at  the  momant  the  explosion'  occurred.  It  will  be  remembered  that 
reference  was  made  in  the  July,  1861,  report,  to  another  explosion  of  a  locomotive  boiler, 
which  took  place  while  the  train  was  running;  and  since  that  time  three  others  have 
occurred  in  additon  to  the  one  first  alluded  to,  thus  making  five  during  that  period  with 
this  class  of  boiler.  The  cause  of  explosion  in  four  of  these  cases  proved  to  be  thinning 
of  the  plates  from  internal  corrosion.  I  have  only  had  an  opportunity  of  examining  the 
plates  of  one  of  these  exploded  boilers,  but  from  official  reports,  it  appears  that  the 
corrosive  action  had  developed  itself  in  a  very  similar  manner  in  each  instance,  which  in 
the  one  personally  examined  was  as  follows  :— The  corrosion  had  eaten  grooves  or  furrows 
parallel  with  and  close  to  the  edge  of  the  overlaps  of  the  plates,  at  some  of  the  longi- 
tudinal seams  of  rivets;  the  furrows  being  on  the  outer  plates  of  the  overlap,  while  the 
deepest  one,  and  that  from  which  the  explosion  had  sprung,  was  situated  nearly  midway 
between  the  smoke  box  and  fire  box.  This  furrowing  action  will  be  at  once  recognised 
by  those  who  have  been  in  the  habit  of  observing  the  influence  of  wear  upon  the  ordinary 
internally  fired  double-flued  boiler,  in  general  usein  Lancashire.  In  this  description  of  boiler 
the  furrow  is  found  on  the  inner  surface,  both  of  the  front  and  back  end-plates,  but  more 


especially  at  the  front,  and  lies  close  to  the  edge  of  the  internal  flue  angle-iron,  which  it 
partially  encircles ;  the  furrow  being  deepest  at  the  crown,  and  gradually  dying  out  in 
about  six  or  nine  inches  on  each  side.  It  is  sometimes  found  in  the  root  of  the  angle- 
iron  itself;  the  choice  of  position  between  the  plate  and  angle-iron,  apparently  depending 
upon  their  comparative  power  of  resistance.  When  the  plate  of  the  furnace-tube  is 
flanged,  the  furrow  more  frequently  occurs  at  the  springing  of  the  flange  than  at  the  end- 
plate.  Furrowing  also  is  very  commonly  found  at  the  transverse  seams  of  rivets 
at  the  underside  of  boilers;  the  furrows  in  these  cases  being  immediately  at  the 
edges  of  the  overlaps,  and  most  frequently  on  the  external  surface  of  the 
plates,  but  sometimes  on  the  internal.  This  action  is  more  severe  in  long 
boilers  than  in  short  ones,  and  at  the  middle  of  their  length  rather  than  at 
their  ends.  It  is  seldom,  if  ever  developed  at  the  longitudinal  seams  of  these  boilers,  ex- 
cept where  leakage  takes  place,  and  is  then  found  to  be  most  severe  when  the  objection- 
able plan  of  construction  is  adopted,  of  placing  the  seams  of  rivets  in  one  continuous  line 
from  one  end  of  the  boiler  to  the  other.  Such  are  some  of  the  manifestations  of  furrowing 
constantly  met  with  in  the  boilers  under  the  inspection  of  this  Association,  and  it  may  be 
interesting  to  attempt  to  trace  the  cause.  Furrowing  appears  to  be  the  result  of  corro- 
sive and  mechanical  action  combined.  The  mechanical  action,  such  as  an  alternate  buck- 
ling of  the  plates,  strains  and  frets  them,  and  thus  renders  them  more  susceptible  to  the 
influence  of  corrosion  than  the  parts  at  rest.  Where  these  furrows  are  internal,  the  corro- 
sive element  is  furnished  by  the  water,  which  is  rarely,  if  ever,  free  from  acidity ;  and 
when  the  furrows  are  found  externally  in  the  flues,  as  explained  above,  the  corrosion  may 
perhaps  be  attributed  to  the  influence  of  the  gases.  The  cause  of  the  buckling  action 
varies  according  to  the  position  in  which  it  occurs.  In  the  stationary  boilers  above  re- 
ferred to,  when  found  in  the  front  end  plate,  it  may  be  ascribed  to  the  alternate  elonga- 
tion of  the  internal  flues,  more  especially  at  the  furnace  end;  and,  when  at  the  bottom  of 
the  external  shell,  to  the  unequal  expansion  of  the  plates  consequent  upon  the  different 
strata  of  temperature  in  the  water.  The  temperature  of  these  strata  varies  with  the 
distance  from  the  bottom  of  the  boiler,  in  proof  of  which  it  may  be  stated  that  it  is  fre- 
quently found  that  while  the  water  is  boiling  on  the  surface,  that,  at  the  bottom  of  the 
boiler  it  will  not  scald  the  hand.  Those  boilers  are  most  conducive  to  this  inequality  of 
temperature  which  have  a  defective  circulation  of  water,  are  so  set  that  the  last  heat  from 
the  fires  passes  beneath  them,  and  fed  with  comparative  cold  water  introduced  at  the 
bottom.  It  will  be  readily  seen  how  these  varying  temperatures  induce  unequal  expan- 
sion of  the  plates,  and  thus  put  upon  the  seams  of  rivets  most  irregular  and  severe  strains. 
In  this  way,  it  is  thought  that  the  buckling  action  is  produced,  which  results  in  furrowing 
at  the  bottom  of  stationary  boilers.  In  locomotive  boilers,  the  buckling  at  the  longi- 
tudinal seams,  in  the  cylindrical  portion  of  the  shell,  arises  from  its  not  being  of  true 
circular  form  in  the  vicinity  of  the  overlaps.  The  tendency  of  the  internal  steam  pres- 
sure is  to  correct  this,  and  to  induce  a  true  circular  form,  and  thus  a  cross  strain,  which 
may  be  correctly  termed  a  'girder  strain,'  is  put  upon  the  plates  at  a  short  distance  on 
each  side  of  the  line  of  rivets;  from  this  a  change  of  shape  ensues,  which  constantly 
varies  with  the  pressure  of  steam.  The  position  of  the  furrows  is  found  to  be  that  of 
greatest  elasticity,  being  midway  between  the  fixed  ends  of  the  fire  box  and  smoke  box, 
just  where  the  buckling  action  would  have  most  play.  It  will  at  once  be  seen  that  the 
thicker  the  plates,  the  greater  the  leverage  of  the  girder  action,  and  thus  to  thicken  their 
edges  is  only  to  aggravate  the  evil.  The  true  circular  shape  may  be  maintained,  as  far  as. 
appearance  is  concerned,  by  substituting  a  butt-strip  for  the  overlap,  but  this,  from  its 
one-sidedness,  will  not  prevent  the  girder  action,  and,  indeed,  tends  to  make  two  furrows 
instead  of  one.  Were  an  inner  as  well  as  an  outer  butt-strip  introduced,  the  parts  would 
be  in  equilibrio,  and  the  strain  then  passing  through  the  centre  of  the  plates,  they  would 
be  subjected  to  their  legitimate  tensile  strain  only,  and  the  buckling" action  in  question 

ACCIDENTS  TO  MINES,  MACHINERY,  &c. 

Colliery  Explosion  near  Barnsley. — On  the  8th  ult.,  shortly  before  eleven  o'clock, 
an  explosion  of  fire  damp  took  place  at  the  Edmund's  Main  Colliery,  which  was  attended 
with  a  very  serious  loss  of  life.  The  colliery,  which  is  about  180  yards  deep,  and  in  which 
the  Barnsley  bed  of  coal  has  been  principally  worked,  has  been  hitherto  nearly  free  from 
accidents  involving  the  loss  of  life,  the  proprietors,  Messrs.  Bartholomew,  Tyas,  Mitchell, 
and  Co.,  having  adopted  every  means  for  the  safety  of  the  men.  At  the  time  stated  the 
men  in  the  pit,  numbering  close  upon  300,  were  startled  by  an  explosion  of  fire  damp, 
which  caused  those  near  the  pit  bottom  to  at  once  make  to  that  spot  for  safety ;  those  in 
the  advanced  levels,  some  1400  or  1600  yards  distant,  were  unable  to  reach  it  in  conse- 
quence of  the  gas.  The  men  at  the  top  were  soon  made  acquainted  with  the  state  of 
affairs  by  the  quantity  of  coal  and  rubbish  thrown  up  out  of  the  cupola  by  the  explosion. 
Assistance  was  promptly  obtained,  and  as  the  news  reached  the  other  collieries  in  the 
neighbourhood  the  men  at  once  ceased  working  and  rushed  to  the  scene  of  the  cata- 
strophe. Plenty  volunteered  to  descend  and  rescue,  if  possible,  the  men  below.  In  this 
they  were  so  far  successful  that  in  a  short  time  some  40  or  50  were  brought  to  the  pit 
mouth,  about  20  of  whom  were  burnt  severely,  some  fatally.  The  bottom  steward  also 
went  down,  and  was  obliged  to  be  left  by  the  party  he  went  with,  having  evidently  pene- 
trated too  far  into  the  workings  and  been  overcome  by  the  sulphur.  Shortly  after  two 
o'cioek  it  was  announced  that  nothing  more  could  be  done  until  bratticing  was  fixed  and 
the  air-course  was  cleared.  An  investigation  made  by  several  mining  engineers  showed 
that  there  was  no  hope  of  rescuing  the  men,  of  whom  there  were  supposed  to  be  53  in 
the  pit.  Preparations  were  then  at  once  made  to  let  the  water  from  the  canal  flow  into 
the  pit,  so  as  to  extinquish  the  flames. 

GAS    SUPPLY. 

Gaslight  in  Railway  Trains. — The  system  of  lighting  railway  carriages  with  gas, 
according  to  Newall's  patent  has  been  introduced  upon  the  Scottish  Central  Railway. 
The  first  gas-lit  train  left  Edinburgh  on  Monday  evening,  the  8th  ult.,  for  Perth,  the 
whole  of  the  carriages  being  brilliantly  lighted  by  means  of  pipes  (with  expanding 
couplings  carried  from  roof  to  roof)  communicating  with  the  reservoir  placed  in  a 
specially-constructed  compartment  of  the  guard's  break-van.  Throughout  the  journey 
the  lights  remained  perfectly  steady  and  clear,  and  the  passengers  were  much  gratified 
with  the  successful  introduction  of  this  vastly  superior  method  of  illumination.  Should 
the  present  trial  be  satisfactory,  it  is  expected  that  the  system  will  be  extended  to  the 
other  night  trains  on  the  line,  and  probably  introduced  on  the  neighbouring  railways. 

Atmospheric  Gas. — The  apparatus  by  which  the  atmospheric  gas,  as  it  is  termed,  is 
manufactured  is  stated  to  be  very  simple.  A  carburator  saturates  atmospheric  air 
(which  may  be  forced  through  it  by  any  means,  provided  a  regular  supply  be  kept  up) 
with  an  inflammable  vapour,  and  the  same  result  would  probably  ensue  whether 
benzoine,  naphtha,  or  any  similar  liquid  were  used.  The  apparatus  consists  of  two 
chambers,  the  upper  containing  the  principle  body  of  liquid,  and  the  lower  a  smaller 
quantity  to  saturate  the  air  with.  The  liquid  in  the  lower  chamber  is  kept  at  an 
uniform  height  by  a  tube  and  valve,  or  other  means.  The  lower  chamber  is  com- 
pletely filled  with  wicks,  which  are  kept  saturated  by  capillary  attraction.  The  air 
passes  through  these  wicks,  and  not  through  the  liquid,  and  licks  up  so  much  of  the 
inflammable  vapours  as  to  become  capable  of  ignition. 

Gas  Lighting  in  Paris. — Several  landlords  in  Paris  have  recently  assumed  a  right 
to  prohibit  their  tenants  from  using  gas,  not  only  in  the  upper  part  of  the  houses,  but 
in  the  shops  on  the  ground  floor.  The  Court  of  Cessation  has  recently  decided  that  the 
custom  of  lighting  by  gas  having  become  almost  universal,  every  landlord  must  be 
taken  to  have  consented  to  its  use  in  the  absence  of  any  express  stipulation  to  the 
contrary. 


The  Abtizan,"] 

Jan.  L,  1863.    J 
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The  Illuminating  Powee  or  Cinr  Gas. — In  the  report  presented  by  Dr.  Letheby 
on  the  illuminating  power  of  the  gas  supplied  to  the  city  of  London  during  the  Autumn 
quarter,  by  the  Great  Central  Gas  Company,  the  Chartered,  and  Commercial  gas  companies, 
the  following  is  found.  That  the  mean  illuminating  power  of  the  Great  Central  gas  was 
equal  to  1334  sperm  candles  of  the  standard  quality,  and  that  of  the  Chartered  to  13'78 
candles,  and  that  of  the  commercial  to  1302.  The  weekly  average  of  the  Great  Central 
had  ranged  1269  to  1493,  and  that  of  the  Commercial  from  1241  to  1385.  The  differ- 
ference  on  the  mean  illuminatingpower  of  the  Great  Central  gas  at  the  two  places  where 
it  has  been  tested,  namely,  at  Finsbury  Square  and  the  London  Hospital,  which  are 
nearly  two  miles  apart,  differed  only  to  the  extent  of  0'45  of  a  candle,  and  as  the  largest 
average  (1355)  was  at  Finsbury  Square,  it  was  manifest  that  the  difference  was  accidental. 
These  results  indicate  that  the  gas  supplied  in  the  city  by  the  three  companies  has  not, 
during  any  week,  been  below  the  standard  quality,  and  that  the  quarterly  averages  have 
been  from  8'5  to  015  per  cent,  above  it.  The  former  is  the  excess  of  the  Commercial 
avcratre,  and  the  latter  of  the  Chartered  ;  that  of  the  Great  Central  having  been  13  per 
cent,  over  the  standard- 

Inflammable  Gas  Air, — Mr.  S.  E.  Turner,  of  Birkenhead,  has  patented  an  invention 
which  relates  to  an  apparatus  for  burning  a  mixture  of  inflammable  gas  and  air,  now  in 
use,  wherein  the  inflammable  gas  escapes  from  a  jet  placed  inside  a  cylinder  open  at  the 
bottom,  and  covered  at  the  top  with  a  diaphgram  of  wire  guage,  or  finely  perforated 
plate,  so  that  atmospheric  air  enters  the  bottom  of  the  cylinder,  and,  mixing  with  the  in- 
flammable gas  issuing  from  the  jet,  assists  the  combustion  of  the  same,  which  takes  place 
on  the  top  of  the  diaphgram.  To  render  the  combustion  in  such  an  apparatus  more  per- 
fect one  or  more  metal  tubes  are  introduced  into  the  bottom  cylinders  wherein  the  mix- 
ture' of  the  gas  and  air  takes  place  j.  such  tubes  are  open  at  the  bottom,  and  pass  up 
through  the  gauze  into  the  combustion  chamber.  By  this  means  the  atmospheric  air  is 
used  in  a  highly  heated  state,  and  the  combustion,  adds  the  specification,  is  much  more 
nearly  perfect. 

The  Cahburation  of  Gas.— The  following  is  an  outline  of  the  specification  drawn  up 
bv  Dr.  Letheby  for  the  quality  of  the  naptha  to  be  supplied  to  the  carburators  (nearly 
2000  in  number)  of  the  City  lamps.  The  particulars  of  the  specification  have  been  arrived 
at  by  a  Ion?  series  of  experiments  with  naphthas  of  different  densities  and  boiling  points: 
The  naphtha  must  be  colourness,  and  of  a  gravity  not  less  than  830,  nor  greater  than 
860.  When  placed  in  a  distillation  apparatus  in  a  bath  of  oil,  and  having  a  thermometer 
placed  in  the  naptha,  it  must  begin  to  distil  at  a  temperature  not  higher  than  110°  C. 
(230°  F.),  and  must  yield  70  per  cent,  of  volatile  naptha  at  from  110°  C.  to  130°  C.  (2663 
F.),  and  20  per  cent,  between  130°  C.  and  150°  C.  (302°  P.).  This  is  expected  to  leave  but 
little  residuum,  and  to  give  continuously  8  grains  of  hydrocarbon  to  each  cubic  foot  of 
gas,  and  thus  raise  the  illuminating  power  of  the  gas  about  60  per  cent,  over  that 
unnaphthalLsed. 

Report  ox  Gas  Lahps  in  the  City  of  London. — The  engineer  and  officer  of  health 
to  the  City  Sewers  Commissioners,  have  reported  to  the  commissioners  on  the  subject  of 
gas  consumption  in  the  street  lamps,  including  the  question  of  meters  and  of  earburation. 
The  result  is,  that  both  light  and  economy  would  be  promoted  by  the  use  of  a  meter  to 
every  street  lamp,  notwithstanding  the  probable  expense  of  renting  meters,  and  that  ear- 
buration is  also  an  improvement  where  naphtha  of  good  quality  and  in  sufficient  quantity 
is  used.  The  Coiled  Kingdom  Carburating  Gas  Company,  whose  patentprocess  has  been 
used  state  that  it  produces  equal  light  with  half  the  ordinary  consumption  of  gas.  The 
reporters,  however,  find  this  to  be  above  the  actual  average,  but  they  still  speak  of  a  sav- 
ing of  from  25  to  75  per  cent.,  and  of  £1  per  lamp  per  annum. 

The  Yokk  Has  Compasv,  between  whom  and  the  public  and  Corporation,  there  has 
beCn  a  -faction  on  account  of  the  high  prices  charged,  have  agreed  to  reduce 

their  charge  for  public  lamps  from  -Is.  9d.  to  3s.  9d.  per  1000  cubic  feet,  the  price  to  include 
all  other  charges.  To  private  consumers  the  charge  is  to  be — present  year:  3s.  !)d.;  and 
from  and  after  January,  1864,  3s.  Od.  per  luOO  cubic  feet,  instead  of  Is.  6d.  hitherto  paid. 

MINES,  METALLURGY,  &c. 
Iron  Ore.—  Particulars  have  been  recently  given  with  respect  to  the  pig  iron  and  coal 
production  of  the  (Jutted  Kingdom.     It  may  now  be  added  that  Jlr.  Hunt  estimates  the 
amount  of  the  iron  ore  made  available  in  1861  at  7,215,618  tons,  of  the  computed  value  of 
£2302371.    Of  this  amount  Cornwall  contributed  26,262  tons,  of  the  value  of  i^-i72 ; 
Devonshire,  6399  tons,  of  the  value  of  £2169;  Somersetshire,  32,703  tons,  of  the  value  of 
816  331'  Gloucestershire,  100,419  tons,  of  the  value  of  i;45,lS!i;  Wiltshire,  55,779  tons,  of 
the  value  of  L J<;, 163;   Hampshire,  4007  tons,  of  the  value  of  £1706;  Oxfordshire,  6000 
tons  of  the  value  of  £2100;  Northamptonshire,  113,139  tons,  of  the  value  of  628(634; 
Lincolnshire,  33,688  tons,  of  the  value  of  £13,403;    Warwickshire,  15,250  tons,  of  the 
value  of    £4000;    North  Staffordshire,   199,195    tons,    of  the  value  of  .£174,711  ;    South 
Staffordshire,  727,500  ions,  of   the  value  of  £227,342;  Shropshire,  223,400  tons,  of  the 
value  of  £48,403;  Derbyshire,  3!ii|,52iMnns,  of  the  value  of  £99,130;  the  .North  1  tiding  of 
Yorkshire,    1,130,760  tons,    of  the    value  of  £169,368;    the  West    Biding  of  York-hire, 
ol  til-  value  of  £58,876;  Lancashire,  519,180  tons,  of  the  value  of  £269,500; 
Cumberland,   172,195  tons,   of    the  value  of  £259,680;   Northumberland  and  Durham, 
10 760  tons,  of  the  value  of  £3000;  North  Wale-,  96,500  tons,  of  the  value  of«322,426; 
Booth   Wales,  642,706  tons,  of  the  value  of  c'172,2^7;  Scotland,   1,976,000  tons,  of  the 
of  £658,333;  Ireland,  165  tons,  of  the  value  of  £66;  and  the  Isle  of  Man,  067  tons, 
of  the  value  of  £816.    Ore,  although  scarce  in  the  Isle  of  Man,  would  thus  seem  to  be  of 
mely  high  quality. 
Coal.— Mr.  Hunt  estimates  that  B3,636,214  tons  of  coal  were  raised  in  the  United  King- 
dom during  1861.     Of  this  amount  Durham  and  Northumberland,  with  274  collieries, 
contributed  19,141,965  tons;  Cumberland,  with  26  1,255,641  tons;  Yorkshire, 

wiil,    :  ,  9,374,600  tons;  Derbyshire  and  Nottinghamshire,  with  180  collieries, 

/V  11«.,  rehire,  with   11  collieries,  740,000  tons;  Warwickshire, with  16 

17,000  tons;  Staffordshire  and  Worcestershire,  with  580  coUieries,  7,863,760 
Lancashire,   with  373  collieries,  12,195,600  tons;    tin-hire,   with  89  collieries, 
>,  with  (50  collieries,  829,760  tons ;  Gloucestershire.  Somer  etshire, 
and'  Devonshire,  with  112  collieries, 6,614,026  tons j  Wale-,  with  898  collieries, 8,661,02] 
oh    til  collieries,   11,081,000  tons;  and   Ireland,  with    10  collieries: 

128,070  'on  .     11 al   production  of  the  empire  appcan   to  have   largoli  ini 

during  the  la-t  eight   years.    Thus  in  1864,  with  2,397  collieries  worked,  64,1 
of  coal   wet     rai  pd  ;  iii   1865,  with  2,613  I  tons;  in   1866,  with  2,829 

rics,  66,645,450  tons;  in   li57,  with  2,861  Icries.  65,394,707  tons  j  In    1868,  with 

ic  ,  (j.-,,(xw  urn  ton  ,  71,879,766  tons ;  in  I860, 

with  no(M II  '  year,  with  3;062  1 

ill  1  In,  t  1  1  alj  7,560,768  tons  of  coal,  286,160  tons  of  eol.e,  ami  79,717  to 

m   fuel  "en-  exported,  Hie  remainder  being  absorbed   at    home,     frame  a 
1861,  our  1 1.   t  customer  for  coal,  having  taken  1,486,160  tons  (in  1882  the  exports  In  the 

same  direction  have  been  son fnence  Of  tho  use  ol  1  h  coal 

for   the   Imperial  nuvvl;    Denmark   came  next,    With   542,687    Ion.;    Hamburg,    614,427 

tons;  I'm-  i  >n»i  Italy,  U7,029ton   .  Spain  and  th  103,238 

America  (Atlantic  port    1,319,9   1  ia  (northern  porta),  342,613  ton    :  the 

m;   Holland, 

India  (continental  '■'  tons;  Turkey,   I!  North 

Anni'  24  tons;   Ilra7.il,  157,2*1  t'Ui-;  Norway,  136,231  Ions;  the  Urttlsh 

Indies,  i27,7iw  tons;   Maim,  115,731    ton   ;  I'ortugal,  the  Azores,  and  Madeira, 

108,70 1  ton      and  Hanover,  100,312  tons.    Our  other  foreign  customers  took  leu  than 

100,000  tons  each. 


Mining  by  Machinery. — An  improved  mining  machine  is  at  present  at  work  at  the 
Claxton  Quarry,  Grateshead,  and  appears  to  give  complete  satisfaction.  It  is  manu- 
factured by  Messrs,  Hawks,  Crawshay,  and  Co.,  and  said  to  be  the  invention  of  Captain 
Penrice,  by  whom  it  was  submitted  to  the  English  and  French  Governments  during  the 
Russian  war.  The  ventilation  is  kept  up  by  suction,  through  a  pipe,  outwards  instead  of 
by  the  ordinary  method  of  forcing  the  air  in.  A  tube  is  carried  along  the  top  of  the 
tunnel,  at  the  head  of  which  a  partial  vacuum  is  formed,  the  vacuum  being  refilled  by 
the  air  which  rushes  into  the  tunnel.  This  tube  is  the  chimney  of  the  boiler,  and  the 
exhaust  steam  of  the  engine  being  driven  into  it,  the  ventilation  is  increased  by  this 
means  also.  The  ash-pan  is  closed,  an  air-pipe  is  carried  forward  from  it  to  the  head  of 
the  bore,  so  that  all  the  air  drawn  through  the  furnace  by  the  exhaust  of  the  engine  and 
the  suction-fan  is  taken  direct  from  the  inner  end  of  the  funnel,  where  it  is  replaced  by 
fresh  air  from  the  exterior,  and  a  very  strong  draught  is  created.  The  heat  from  the 
boiler  is  confined  by  means  of  water-tanks,  which  cover  the  surface  of  the  boiler;  and 
as  there  is  a  thick  lining  of  felt  between  the  boiler  and  the  water-tanks,  the  constant 
supply  does  not  at  all  interfere  with  the  generation  of  steam.  In  Captain  Penrice's 
machine  a  number  of  large  chisels  arc  inserted  in  the  radial  arms  of  a  circular  piece  of 
metal,  which  is  made  to  revolve,  and  at  the  same  time  to  strike  the  face  of  the  rock  very 
rapidly.  The  advantage  of  the  rotary  motion  is  that  the  chisels  are  always  chipping 
against  an  edge  as  they  revolve.  These  blows  are  delivered  at  the  rate  of  from  400  to 
500  a  minute,  by  a  mass  exceeding  9  tons  in  weight.  The  debris  falls  to  the  ground,  and 
is  carried  oft  beneath  by  rakes  attached  to  an  endless  chain;  and  so  admirable  is  the 
action  of  the  machine  that  12ft.  of  tunnel  can  be,  and  has  been,  made  in  33  hours. 
Under  these  circumstances  there  certainly  appears  to  be  full  justification  for  the  state- 
ment that  the  machine  is  constructed  upon  sound  principles,  and  is  of  great  practical 
value.  It  has  been  found  that  the  ventilation  is  so  perfect  that  with  a  boiler  in  the  place, 
working  at  1201bs.  to  the  inch,  the  temperature  did  not  exceed  60°  Fahr.,  so  that  there 
could  be  no  inconvenience  from  excessive  heat,  A  company  under  the  name  of  the 
Patent  Steam  Tunnelling  and  Mining  Machine.  Company  has  been  formed  for  develop- 
ing this  invention. 

Melting  Steel  in  Large  Masses. — Mr.  Alfred  Indre,  of  Paris,  has  discovered  that 
by  covering  steel  with  bottle  glass,  or  the  slag  of  a  charcoal  smelting  furnace,  it  may  be 
melted  in  a  reverberatory  furnace  easily  and  rapidly,  and  without  losing  any  of  its 
qualities.  Two  tons  may  be  melted  at  once  in  the  same  furnace.  Although  the  furnace 
in  which  the  experiments  were  tried  was  defective,  it  was  found  that,  in  consequence 
of  crucibles  being  dispensed  with,  and  less  fuel  being  required,  a  considerable  economy 
was  effected. 

Diamonds  used  for  Hoping  Hard  Rocks. — An  instrument  for  this  purpose  is  now 
being  employed  in  France,  made  out  of  a  tube  furnished  with  a  circular  cutter  of  rough 
diamonds.  It  is  caused  to  revolve,  and  as  it  enters  into  the  stone,  the  cutter  scoops  out 
a  cylinder,  which  is  afterwards  easily  taken  out  of  the  tube.  Holes  in  hard  granite  for 
blasting  purposes,  47  millimetres  in  diameter,  and  from  1"10  metres  to  l'2i)  metres  deep, 
are  thereby  bored  in  one  hour.  This  would  require  two  days'  work  in  the  ordinary  way. 
The  diamonds,  when  examined  through  a  magnifying  glass,  do  not  appear  at  all  injured. 

New  Gun  Metal. — The  following  is  given  by  a  correspondent  of  one  of  our  contempo- 
raries as  the  composition  and  mode  of  forming  the  new  alloy  which  has  been  proposed  in 
Austria  as  a  substitute  for  ordinary  gun  metal,  consisting  of  copper  and  tin.  It  is  com- 
posed of  60  parts  of  copper,  from  34  to  44  of  spelter,  from  2  to  4  of  iron,  and  from  1  to 
2  parts  of  tin.  The  iron,  which  must  be  wrought-iron,  is  put  at  the  bottom  of  a  crucible 
with  the  copper  upon  it,  and  the  whole  exposed  to  a  very  high  temperature.  The  tin  is 
then  added,  and  afterwards  the  spelter.  The  metal  is  stirred,  left  for  a  minute  or  two, 
stirred  again,  and  afterwards  east.  A  12-poumler  gun  made  of  this  alloy,  was  heavily 
charged  with  powder,  rammed  full  of  sand,  plugged  at  the  muzzle  with  a  piece  of  iron, 
and  Si  this  state  fired.  All  the  gas  resulting  from  the  ignition  of  the  powder  escaped 
through  the  touch-hole ;  and  not  only  was  the  gun  found  to  be  uninjured,  but  on  careful 
examination  not  the  smallest  alteration  in  its  internal  diameter  could  be  detected. 

Consolidating  Cast-Stm-.l.— Mr.  .1.  M.  Rowan,  of  Glasgow,  proposes  to  consolidate 
cast-steel,  or  metal  .produced  by  the  pneumatic  process,  by  compressing  it  whilst  still 
liquid  or  nearly  so,  whereby  it  is  rendered  much  better  adapted  for  subsequent  processes. 

Aluminium  Hronzk. — We  had  occasion  in  our  last  issue,  when  speaking  of  aluminium 
to  refer  to  the  various  articles  manufactured  in  this  metal  by  Messrs.  Reid  and  Sons,  of 
Newcastle.  This  linn  also  use  a  metal  designated  aluminium  bronze,  and  which  may 
contain  different  per  centages  of  aluminium.  It  being  found  that  a  very  small  propor- 
tion of  aluminium,  added  to  copper,  produces  a  compound  metal  of  great  hardness, 
one  specimen  we  have  seen  containing  90  per  ceilt.  copper,  and  10  per  cent,  aluminium, 
was  so  hard  that  the  file  hardly  makes  any  impression,  whatever,  on  it,  Indeed,  it 
would  appear  that  there  should  be  no  difficulty  in  manufacturing  engineering  machinery 
and  tools  of  this  metal.  A  pair  0:  scissors  manufactured  in  this  compound  metal  have, 
we  understand,  been  found,  to  cut  quite  as  well  as  scissors  made  of  steel. 

APPLIED  CHEMISTRY. 
Ox  Chloroforms  SOLUTION  or  GuCTl  l'liu  iia,  uy  William  Hodgson,  Jr.— Take 
of  gutta  percha,  in  small  slices,  an  ounce  ami  a-half;  chloroform,  twelve  Quid  ounces; 
carbonate  of  lead,  in  line  powder,  two  ounces.  To  eight  fluid  ounces  of  the  chloroform 
contained  in  a  bottle,  add  the  gutta  percha,  and  shake  oeeassionally  till  it  is  dissolved. 
then  add  the  carbonate  of  lead,  previously  mixed  smoothly  with  the  remainder  Of  the 
chloroform,  and,  having  shaken  the  whole  thorough  together  several  times,  at  interval- 
of  half-an-hoiir,  set  the  mixture  aside,  and  let  il  si  ami  lor  ten  days,  or  until  the  Insoluble 

matter  has  subsided,  and  the  solution  has  become  limpid,  and  either  colourless  or  "i  a 

slight  Straw  colour.     Lastly,  decant,  ami  keep  the  solution  in  a  gla-s  stopped   bottle. 

Thallium.— On  tin-  mv.-  metal  the  Academy  of  Sciences  has 1  econd  com- 
munication from  M.  i.iiinv,  from  which  it  appears  that  if  the  discoverer,  Mr.  Crooks,  at 
tir.-t  discovered  it  to  be  a  non-metallia  substanco  ho  was  not  far  wrong,  .\i  least,  M. 
i.aiuv  finds  it  wonting  in  01 f  the  chief  properties  of  metals,  vix.,  the  power  of  con- 
ducting electrievtj  and  heat,  since  the  effeits  ol  Induction  developed  In  the  metal 
1. in    light   i .  1  I.  in  when  the  circuit  of  the  pole  is  successively  closed  ami  broken, 

Thallium  and  II    eomi m    in  dtamagneHc;  it-  density  I   emu j,  being  ir-02.  or 

O'fi  more  than  leal,   n-  -] [fie   heai  I*  0'0826:  iis  chemical  equivalent,  201.    The 

tits  are  nol  preclpated  either  bj  alkalies  or  alkalino  carbonates, 
or  b)  th  no  1  li,     Hut  hydrochloric  add  produce*  on 

all    inn   Insoluble  white  precipitate,  which   I    ■•  >•  nun, 

chloride  of  platinum,  ami  chromnto  of  pots  h  yield  yellow  ami  Insoluble  precipitates, 
Zinc  precipitates  thallium  from  its  .solution  ,  from  that  ol  the  sulphate,  In 

brilliant  hue.  ramified.    Thallium  combines  with  oxygen  in  two  different 

proportions.    The  protondi  iblo  in   water,  to  which  it  alkaline  and 

li  is  yellow  if  liydratcd,  and  blaeklu  the  contrary  case:  il  hi 
In  concentrated  alcohol,  a  part   of  it  1    dl  lolvcd.  ami  a  onrioo 
called  thallie  alcohol    bj    M.   [/amy,    H*    1     a  limpid  •  ■<'.    contain  efrac- 

tire  powi  rand  II  Is 8'80     Tho  ulni  I  ibtalncd  bv 

ig  thallium  In  oxygen;   il  1  ol  ono  equivalent  "i  neial  ami  tfirci   "t 

oxygon,    li  1    .11  -oioiiie  a.  bright  reii  hi 

carbonate  of  thalllun  10  water,  and  crystallizes  In  long  prismatic  ncodli    of  a 

greyish  yellow,     the   nitrate  Is  th.'   1.  salt  of  this  metal.    There  are  three 

chlorides  and  oni  -     |ul-chloridc,  crystallizing  in  lino  ycllou    lioiogonal  platos.    It*  den- 
sity is  6*90, 
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LIST  OF  APPLICATIONS  FOR  LETTERS 
PATENT. 

Wb   HAVE   adopted    a   new  arrangement  of 
the  Provisional  protections  applied   for 

BY    INVENTORS    AT    THE    Gk.BAT.SeAL    PATENT 

Office.  If  any  difficulty  should  arise 
with  referrnce  to  the  names,  addresses, 
or  titles  given  in  the  list,  the  requi- 
site information  will  be  furnished,  free 
of  expense,  from  the  office,  by  addressing 
a  letter,  prepaid,  to  thfc  editor  of 
"The  Artizan." 

Dated  November  2lst,  1S62. 

3125  W.  Sinnock — Treatment  and  combination  of 
fibrous  materials. 

3126  C.  Hadfield  &  W.  A.  Attkins— Dressing  bricka 
end  tiles. 

.3127  J.  Townsend — Damping-  and  preserving-  vege- 
Si  table  substances  and  other  textile  materials  and 
fabrics. 

3128  J.  R.  Napier  St  W.  J.  M.  Raukine— Boilers, 
and' valvular  mechanism  for  steam  enariues. 

3129  W.  E.  Gedge— Elastic  fastenings  for  gloves. 

3130  D.  Saul— Crinoline  skirts. 

'3131  J.  Stuart— Extracting  the  fibre  from  zostera 
*■  marina  and  other  aquatic  vegetable  productions. 

3132  T.  "Walker— Utilizing  sewage  matter. 

3133  C.  Wagner— Strengthening,  securing,  and 
reuder.ug  more  durable  the  soles  of  boots  and 
shops. 

3134  R.  W.  Swinburne— Soda. 

3135  G.  G.  Sanderson — Armour  for  fortifications 
and  floating  and  other  batteries. 

3136  J.  Taylor,  jun.— Tiles  or  moulded  blocks  for 
building  purpose?. 

3137  C.  A.  Orth — Apparatus  for  obtaining  and 
applying  motive  power. 

3138  S.  &  C.  Deacon — Tops,  caps,  and  windg*uards 
fjr  chimnies. 

3139  A.'  Sutton— Time  indicator  for  public  vehicles 
and  other  uses. 

Datkd  November  22nd,  1862. 

3140  W.  E.  Gedge— Elliptical  compass. 

3141  "\V.    E.    Nethe.rsole    &    C.    Buck  land— Safety 
■    signals  for  fire-aim  practice. 

3142  M.  Mishores— Handles  for  umbrella,  parasol, 
or  ether  like  sticks  from  soft  caues. 

3143  C.  de  Bergue — Metal  reeds  for  weaving. 

3144  C.  Powell— Watches. 

3145  W.  Clark— Candle  lamps 

3146  A.  V.  Newton— Cutting  corks. 

3147  J.  Webster — Burmrsaud  blow  pipes. 

Dated  November  24th,  1862. 

3148  T.  J.  Searle— Raising  and  forcing  water. 

3149  J.  B.  Ho«  ell— Armour  and  other  plates,  and 
.    shot  and  shell. 

3150  W.    Clark — Obtaining    a  vacuum    or    partial 
i   vacuum,  as  applied  in  the  manufacture  of  paper. 

3151  R.  &  W.  Hawrhorn— Pump  valves 

3152  J.  Barclay — Rollers  to  be  used  in  machinery 
-    fur  printing  textile  materials  and  fabrics,    and 

drying  and  finishing  the  name. 

3153  J.  H.  Johnson — Burnishing  metal  surfaces. 

3154  E.  Lei^h— Cotton  gins. 

3155"  W  Tatham — Preparing  and  spinning  cotton, 
-wool,  flax,  and  other  fibrous  materials 

3156  N.  J.  Amies — Fabric  to  be  employed  as  a  sub- 
stitute for  elastic  woven  or  braided  webs. 

Dated  November  25th,  1862. 

3157  J.  Moule— -Decdorising  mineral  oils  and  hydro- 
carbons. 

3158  T.  8c  L.  Robert shaw— Textile  fabrics. 

3159  A.  L.  Woolf— Metallic  alloy. 

3160  E.  Wadsworth— Braid. 

3161  J.  S.  Jarvis  *r  J.  H.  Briei  ley— Leather  collars. 

3162  W.  B.  Caulfield — Porous  stems  for  tobacco 
pipes. 

3163  G.  Henderson — Steam  engines. 

3164  G.  Ranson— Preparing  clay  for  brick  making 
and  other  purposes. 

3165  A.  V.  Newton — Sewing  machines. 

3166  W.  LongVv— Maying  bricks. 

3167  T.  M.  Eitou— Soup. 

Dated  November  26th,  1862. 

3163  T.  Fletcher— Rollers,  cans,  spools,  and  bobbins. 

3169  J.  Aspell  &  E.  Bootu— Looms  for  weaving. 

3170  J.  Steinthai— Moulders'  blacking. 

3171  F,.  'Palling— Fountain  penholder; 

3172  J.  F.  Fpveuux— Pulverising  or  dividing  liquids 
into  Bpray. 

3173  W.  Austin— Cartridge  cases. 

3174  J.  R-  Dinks  Kc  B.  P.  &  R.  P.  Walker— Boot 
and  shoe  heel  and  toe  tips  and  cloir  irons. 

3175  A    V.  Newton — Preparing  oxide    of  zinc  as  a 
,    pigment. 

Dated  November  27th,  1862. 

3176  J  Halford— Treatment  of  a  mineral  sub  tance 
to  be  used  in  the  manufacture  of  iron  and  steel 
in  the  processes  of  casting  and  moulding  metals, 
and  the  manufacture  of  paint. 

3177  A.  A.  Pheloux  &  P.  A.  Paumier— Atmospheric 
nailing  propeller. 

3178  F.  \V.  Hartley— Obtaining  certain  producis 
resultiugfrom  the  manufacture  and  purification 
of  coal  gas. 

3179  T.  Keyvrorth— Motive  power  machinery. 

3180  W.  T.  Rowlett— Knit  or  looped  fabrics; 

3181  1).  &  D.  Auld — Working  furuaces  and  steam 
boilers. 

3182  J.  L   Linton — Generating  steam. 

31-3  D  Vterkamp  &  C.  F.  A.  Van  Trigr— Treatment 
of  old  manufactured  fabrics,  in  order  to  obtam 
useful  fibious  products  therefrom. 

3184  W.  Clarke— Preservation  of  animnl  and  vege- 
table substances. 

3185  W.  Clarke— Gas  burne.  s. 


Dated  November  28th,  1862. 

31S6  J.  Carbonell — Preparing,  manufacturing,  and 
washing  the  paper  pulp  derived  from  the  esparto 
plant. 

3187  W.  A.  Waddiugton— Cutting  wood. 

318S  J.  T.  Caird— Steam  engines. 

3189  J.  H.  Johnson — Indicating  'he  pressure  of 
electric  conductors  in  foreign  bodies. 

3190  F.Boecke— Sewing  fabrics. 

3191  J.  Cresswell  &  E.  X.  G re ves— Hearses  and 
funeral  carriages. 

3192  S    J.  Brown.ng—  Brewing 

3193  W.  Clark — Permanent  way  of  railways. 

3194  W.  Buller  &  J.  H.  Mugiord— Spur  supporting 
rings  for  fixing  plat,  s,  dishes,  aud  other  articles 
in  glost  ovens. 

3195  J.  F  Delany  &  J.  C.  R.  Okes— Double  cylinder 
expansive  steam  engines. 

3196  J.  Adams  fit  W.  C.  W bite— Apparatus  for 
boiling  and  evaporating. 

31P7  A.  Dudgeon — Packing  for  steam  and  other 
engines  and  machinery. 

Dated  November  29th,  1862. 

3198  W.  E.  Gedge— Clocks. 

3199  T.  Blackburn  &  M.  Kuowles  —  Looms  for 
weaving. 

3200  V  G.  Taylor— "Washing  machines 

3201  J.  Crompton — Ploughing,  harrowing,  clearing! 
aud  drilling  land. 

3202  T.  Lloyd— Wheels  of  vehicles. 

3203  T.  Evans— An  tig  ropbilos. 

3204  W.  Clark — Cutting  corks  and  other  stoppers. 

3205  F.  Vacber — Ornamenting  playing  cards. 

3206  J.  C.  Robertson  &,  W.  C.  White— Tap  or  cock. 

3207  Rev.  H.  Moule — Locomotive  engines,  and 
appuintus  for  generating  steam  for  ste.  m  engines. 

3208  D.  Sutton — Washing  liuen  and  other  fabrics 
and  garments. 

3209  J  Aude.sou,  C.E.— Tyres  of  railway  wheels, 
rails,  switches,  and  crossings  of  railways. 

3219  R.  K.  Penson — Warming  railway  carriages. 
3*11  M.  Henry— Leather. 

Dated  Deckmbkr  1st,  1862. ' 

3212  H.  L  Emeiy — Thrashing  machines. 
3*13  P.  Bourne — Miners'  lamps. 

3214  G.  F.  Griffin — Permanent  way  of  railways. 

3215  T.  Waller— Stoves. 

3216  J.  Irwin — Cultivating  land. 

3217  R.  Flude-Lonms  fur  weaving  narrow  fabrics. 

3218  J.  Coppard — Appliances  for  horse  shoes,  to 
produce  the  effect  of  what  is  termed  roughing. 

3219  J.  Romt-r — Builiou  und  metallic  fiue  drawn 
wire. 

3220  W.  Clark — Appaiatus  applicable  as  a  pump, 
water  meter,  hydraulic  motor,  or  a  ream  engine. 

Datkd  Dkcumbhr  2nd,  1362. 

3221  P.  W.  Renter — New  compcuud  for  dyeing  and 
printing  purposes. 

3222  E.  II   Johnson— Pocket  watches. 

3223  B.  Oldtield— Looms. 

3224  A.  V.  Newton — Steam  and  other  vessels. 

3225  H.  Twelvetrees — Cleaning  knives,  forks,  and 
boots. 

3226  H.  Twelvetrees— Sawing,  filing, mortising-,  and 
turning  apparatus. 

3227  H.  Twelvetrees  —  Washing,  wringing,  and 
mangling  machines. 

3228  P.  Brassert— Appiratus  for  saving  life  and 
property  in  cases  of  fire  and  burglary. 

3229  J.  &  J.  Craveu  &  J.  Robinson — Looms  for 
weaving. 

3230  G.  F.  Blumberg — Producing  designs  in  or  on 
glass. 

3231  J.  Wheailey — Construction  of  ships  of  war 
and  the  manufacture  or  aimour  plates  for  ships, 
torts,  and  batteries. 

3232  T.  Cook — Envelop  folding  machinery. 

3233  G.  T.  Bousfield — Permauent  ways  of  railways. 

3234  G.  T.  Bousfield — Appaiatus  for  discharging 
guns  or  ordnance. 

3235  D.  Graham — Steering  and  manoeuvring  ships 
or  vessels 

3236  A.  P.  Charles— Candles  and  night  lights,  and 
lamps  tor  burning  the  same, 

3237  It.  K.  Cautley— Klectro  thermal  baths. 

3238  H.  J    Simlick— Cig«r  and  pipe  lights. 

3-39  B.  Browne — Knobs  or  handles  or  door  locks, 
aud  the.  mode  of  connecting  same  with  the  sliding 
bolts  thereof  for  advancing  and  drawing  back 
said  bolts. 

Dated  December  3rd,  1862. 

3240  H.  Witdr— Electro  magnetic  tele-Trap)  s 
32+1  A.  T,  Becks — Cutting  sheets  of  metal. 

3242  R.  B  Thomas— Apparatus  for  turuiugover  the 
leaves  of  music. 

3243  C.  F.  Claus— Carboy  hampers 

3244  A   Mortou— Lrtwn  mowing  machines. 

3245  W   H.  Browne— Gas  stoves. 

3246  I.  I.  Abaihe— Imitation  lace  and  guipure  veils. 

32+7  A.  F.  Eden— Takiug  mmute  photographic  pic- 
tures and  magnified  pictures  of  micros  topic 
objects. 

Dated  December  4th,  18  2. 

3248  C.  H  Roeckn-r— Coffer  dams  for  enclosing  or 
keepiuir  back  the  flow  of  water  and  preienting 
inundatious,  aiid  appaiatus  tor  lowering  ir  raising 
weights. 

3249  H   Swan— Stereoscopic  apparatus. 

3250  J.  Grant — Turntabl.  s  for  portab  e  railways. 

3251  R.  D.  Kay—  Finishing  of  endless  machine 
blankets  for  printing  purposes, 

3252  J.  Braddock — Apparatus  for  effecting  the  sepa- 
ration of  impurities  from  the  water  employed  in 
steam  boilers,  and  fcreffectiug  the  circulation  of 
the  said  water. 

3253  F.  D.  Delf  &  T.  C.  Gibson— Apparatus  whereby 
petroleum  and  other  oils  and  hydro  carbons  can 
be  safely  ca-ried  and  s  ored. 

3254  G.  Lewal — Hot  air  apparatus  in  cast  iron  or 
any  other  metal  or  substance  consisting- of  pris- 
matic tubes,  to  be  applied  to  chimnies  with  flues 
and  h  at  conduits. 

3255  H.  Castelbon— Press  to  be  used  in  the  manu- 
facture of  tiles  and  bucks. 


3256  J.  Robinson — Ships  and  vessels. 

3257  J.  Bigers,  J.  Johnson,  T.  Richardson,  and  T. 
Arnold — Warp  fabrics. 

3258  R.  Wallis — Loading  and  unloading  vessels  and 
transporting  sacks,  casks,  and  other  packages 
from  one  landing-  place  to  another. 

3259  R.  Hornsby,  juu. — Cutting  and  pulping  turnips 
and  other  vegetables. 

3260  T.  G.  Webb— Articles  of  pressed  glass. 

Dated  December  5th,  1862. 

3261  M.  Tildesley&E.  Sharpe— Earthenware  kuobs- 

3262  L.  Christoph,  W.  Hawksworth.  and  G.  P- 
Haiding — Drilling,  drawing,  and  rolling  metals. 

3263  E.  It  Wilson— Railway'wheels. 

3264  T.  E.  Black  well — Barometers  or  instruments 
fur  measuring  altitudes  or  the  pressure  of  the 
atmosphere  pre  la- tic  fluids. 

3265  J.  Al.  Rigby — Pressing  cotton  tr  other  fibrous 
materials. 

3266  P.  Cowan— Purifying  gas. 

3267  W.  J.  Smith— Collars,  cuffs,  aud  wristbands. 

3268  E.  Walton — Wearing  apparel  for  the  neck. 

3269  C.  Galleti  &  F.  Ste  fan  o— Furniture. 

Dated  December  6th,  1S62. 

3270  H.  A.  Bonneville — Fabrication  of  stockings 
and  socks. 

3271  R.  Thorp— Covering  for  steam  boilers  and 
other  surfaces  to  prevent  the  radiation  of  heat. 

3272  J.  &  M.  Craig — Apparatus  tor  the  manufacture 
of  clay. 

3273  G.  Wright^Food  for  cattle. 

3274  W.  McN'aught— Washing  and  drying  textile 
fabrics  and  materials. 

3275  J.  Camphell— Hackling  flax  and  ot!  er  fibres. 

3276  J.  Ilurchall  it  E.  Borrows— Propellers  for  ships 
and  other  navigable  vessels. 

327"  E.  &W.  Ullmer—  Cylinder  printing  machines. 

3278  R.  AlcClintock— Carriage  axles. 

3279  R.  E.  Donovan — Apparatus  for  the  prevention 
of  railway  accidents. 

3280  J.  Joce — Compositions  for  producing  artificial 
sea  water. 

3281  W.  Palliser— Screw  bolts. 

Dated  December  8th,  1862. 

3282  G.  Lowry — Hackling  flax,  and  preparing  to  he 
spun  flax,  hemp,  and  tow. 

3283  J.  L.  Budden — Obtaining  and  applying  motive 
power  for  propelling  or  other  purposes. 

3284  J.  Sellars— Pulp  or  half  stuff  used  in  the  manu- 
lacture  of  paper  aud  pasteboard. 

3*85  P.  Todd— I  ickers  used  in  looms  for  weaving. 

3286  R.  A.  Brooman — Kneading  machines. 

3287  G.A.Hudaart— Butt.  us. 

3288  C.  Sanderson — Bi.nds  for  driving  machinery 
and  lifting  weights. 

3289  W.  E.  Newton — Preservinganimalsutstances. 

3290  J.  Hilliar—  Hinjjes  and  joints. 

3291  J.  Hilliar— Ventilating,  aud  the  exclusion  of 
dust  or  draught,  insects,  or  other  animals  from 
apartments,  carriages,  or  other  confined  spaces. 

3292  E.  T.  Hui;  hes — Ele-jtro-galvanic  apparatus. 

3293  J.  A.  8c  C.  L.  Kiesling— Renewing  worn  out 
file-  and  rasps. 

3294  J.  H.  Johnson— Steam  generators. 

Dated  December  9th,  1862. 

3295  T.  Wir.g-ite,  jun. — Dredgiug  machinery. 

3296  "V.  Aiiriand— Manufacturing  paste  with  the 
dried  pulp  of  rhubarb  to  be  used  as  preserve. 

3297  Al.  P.  Benton— Gunpowder. 

32»8  VV.  Clark— Piotographic  apparatus. 
32t9  R.  A-    Broom;* n — Treating   liquorice    root   to 
obtain  liquid  and  solid  extracts  therefrom. 

3300  G.  Jeffries — Breech-loading  fiTe  arms. 

3301  J.  Howard,  J.  Bullough,  &  T.  Clegg— Prepar- 
ing cotton  to  be  spun. 

3302  J.  Al.  &  E.  D  Syers— Deodorising  petroleum, 
shale,  and  other  oils. 

3303  P.  Effertz— Making  bricks,  tiles,  and  drain 
pipes. 

3304  W.  E.  Newton— Fire  arms. 

3305  E.  B.  Wilson— Rolling  metals. 

Dated  December  10th,  1862. 

3306  J.  Lamb — Tissue  paper  for  transferring  patterns 
and  designs. 

3307  W.  Inglis— Steam  boilers. 

3308  L.  A.  L  sage — Alakmg  and  moulding  fruit 
jellies  aud  preserves. 

3309  J.  K.  C.  Tauntoi.— Ornamentation  of  metallic 
bedsteads. 

3310  S.  B.Whitfield — Dovetail  joints  used  in  metallic 
bedsteads. 

3311  M.  Osborne — Castiron  fenders. 

3312  A.  P.  Price— Colours. 

3313  i*.  Chalmers— Textile  materials. 

3314  W.  A.  Turner — Cutting  or  paring  starch. 

3315  W.  Clark— Umbrellas. 

3316  J.  Kiug— Signalling  on  railwajs. 

331"  E.  Toynbee— Extracting  oils  and  fatty  matters 
from  sh  ddy  or  refuse  wool,  skins,  or  skin  pieces, 
glue  pieces",  cottou  waste,  and  other  animal  or 
vegetable  matter,  and  producing  an  artificial  ma- 
nure. 

Dated  December  11th,  1862. 

3318  I.  Spight— Horse  hoes. 

3319  W.  Tristram  &  H.  Brereton — Sizing  yarns  and 
threads. 

3320  J.  It.  Brecon  &  T.  Douglas— Fire  bricks. 

3321  R.  A.  Ronald  —  Printing  textile  and  felted 
fabrics. 

3322  R.  Clark— Machinery  for  boring,  winding,  and 
lifting  (or  minin*  purposes. 

3323  A.  W.  Burgess — Preparation  of  anchovies. 

3324  J.  Imray — Mixing  and  kueading  apparatus. 
3i25  W.  Gou  ding— Ploughs. 

3326  T.  E.  Vickers— Ordnance. 

Dated  December  12,  1862. 

3327  G.  Winiwarter — Portable  houses,  walls,  or  par- 
titious  of  buildings,  strong  rooms,  safes,  refrige- 
ratories, reservoirs,  piers,  and  other  structures. 

3328  H.  Sanderson— Knives  and  forks. 

3329  J.  E.  Roussel — Hand  and  power  looms. 

3330  J.  Gaskell  &  H.  Walmslei—  Regulating  the 
tension  of  yarn  in  warph  g,  winding,  sizing,  and 
weaving. 


3331  C.^Hancock  St  S.  W.  Silver— Compounds  and 
substances  applicable  tor  electric  iusuhition. 

3332  A  .  Alills— Reefing  aud  unreeling  sails  of  ships. 

3333  G.  Clark— Ft  rtitication  for  the  oefence  of  ships, 
batteries,  and  torts. 

3334  S.  Fox— Gas  retorts. 

Dated  December  13th,  1862. 

3335  J.  Brown — Armour  plates. 

3336  J.  VV,  Baker — Spinning  cotton. 

3337  J.  Brown — Hydraulic  machinery. 

3338  E.  Thorold— Drill  braces. 

3339  C.  Corbet — Rails  for  railways. 

3340  R.  Aitken — Locomotive  engines. 

3341  J.  Pe trie— Washing  wool. 

3342  J.  J.Thompson— Alaking  pies. 

3343  W.  E.   Newton — Repairing   the  rails,  points, 
and  switches  of  the  permanent  way  of  railways. 

3344  M.  Henry — Fitting  propellers  to  ships. 

Dated  December  15th,  1862. 

3345  M.  J.  Roberts — Preparing  and  spinning  cotton , 

3346  W.  Bestwick — Braiding  machines. 

3347  R.  Staufield  &  J.  Dudgeon— Looms  for  weaving, 

3348  G.  Buchanan — Crushing  sugar  caues. 

3349  W.  Phelps— Lurks. 

3350  AI.Hyams— Cigais. 

3351  E.B.Wiisou— Rolling  metals. 

3352  R.  Kirk — Stopping  railway  carriages. 

Dated  December  16th,  1862. 

3353  J.  Mclnnes  &  E.  F.  Prentiss— Distillation  and 
treatment  of  petroleum. 

3354  J.  Farley  &.  J,  Crow  the  r— Steam  engines. 

3355  G.  C.  Wardtn — Ornamenting  textile  fabrics. 

3356  J.  S.  aud  S.  Hancock — Auti-gorotte  knives. 

3357  O.  Dickin— Table  fork. 

3358  J.  J.  Lemon — Book  trays. 

3359  W.  and  A.  Smedley — Warp  lace  machines. 

3360  W.  Hudson,  H.  Moore, C.  Catlow,  aud  S.  New- 
burey — Looms  for  weaving. 

3361  J.  L.W.Thudichum— Collecting  human  excreta. 

3362  3362  G.  C.  Wallich — Deep  sea  sounding. 

3363  R  Schomburg  and  A.  Baldamus — Oils. 

3364  H.  Joins— Clocks. 

Dated  December  17th,  1862. 

3365  R.    Hattersley  —  Classing  printers'  types    for 
composing  machines. 

33b6  W.  Tongue — Pr*  paring  fibrous  materials. 

3367  A.  Albim— Fire-arms. 

3a68  C.  Defries— Lumps. 

33h9  T.  Knowles^ — Preparing  and  spinning  cotton. 

3370  J.  R.  Hampson — Packing  bales. 

3371  J.  Thome— Regulating  the  flow  of  gas. 

3372  J.  RHinsbottom  and   G.    Hacking — Measuring 
and  registering  the  flow  of  water. 

3373  J.  VV.  Hawdeu—  Spinning  cotton. 

3374  T.  C.  Barrac lough— Tobacco, 

3.575  F.  De  Wyide—  Preservation  of  lead  surfaces. 

3376  D.  Latter— Ploughs. 

3377  R.  Wheeler— Ploughs. 

3378  H.  Burton— Castors. 

3379  G  A  Huddart— Buttons 
33b0  W  Clark— Holders  tor  lamps 
3381  C  J  L  Lelher — Aimour  tor  uhips 

Dated  December  Isth,  1862. 
33S2  E  Precbt  aud  V  Toepken— Alatches 
3383  E  Lepamteur— Salttur  dy.ing  textile  materials 
33b4  J  Clayton — Reverberatory  furnaces 
33Sa  E  Habel  aud  E  Suckow — Spinning  cotton 
33b6  G  Russell— Cranes 
333;  W  V  Wilson  and   F  A  Atanning— Colouring 

matters 
33SS8  J  and  A  Brierley — Carding  engines 

3389  J  Pernod — 1'urpurine 

3390  J  Savory — Powders  for  diseases  of  the  throat 

3391  J  Longland— Street  lamps 

3392  S  C  Lister — Spinning  flux  aud  silk 

3393  A  V  Newton — Transmitting  power 

3394  I  Holden — Preparing  and  combing  wool 

3395  1  Holden— Washing  wool 

3396  J  L  W  Thudichuin— Preservation  of  beer 

Dated  Decembbr  19thf  1862. 

3397  W  S  Long  ridge — Rolling  tyres  and  hoops 

3398  E  B  Wilson— Forging  «ud  pressiug  metals 

3399  D  Davison— Telescopes 

3400  A  V  Newton — Attaching  metal  eyelets  to  cloth 

3401  J  Dalton — Knitting  machinery 

Dated  Duchmber  20th,  1862, 

3402  J  B  Morrison—  Washing  machines 

3403  F  W  Harvey — Counectiug  rudders  to  ships 

3404  A  T  Blakely — Breech-louuing  orduance 
34U5  J  Nettletou— Stoves 

3406  J  M.cbaelis  aud  J  Rubino — Locks  for  purses 

34u7  J  Coivper — Tearing  up  uijjs 

340a  A  V  iNewtou — Automatic  toy  figures 

3409  J  Piatt  aud  W  Richardson—  Scutchers  of  cottou 

3410  W  Pel-kin;— Substitute  tor  turpentine 

Dated  DtCKMBtfii  22nd,  1862, 

3411  FC    Bake  well  —  Jransmuiing  ar.U    receiving 
communications  by  means  of  electricity 

3412  J  McLean— Obtaining  oil  (torn  shale 

3413  W  rraucis — Cutting  so^p 

3414  AS  Stocker—  Roiling  iron 

3415  fcr'E  Al  Gerard— Fabrication  of  threads  from 
vulcanized  mdia rubber 

3416  E  R  Danu — O offering  apparatus 

3417  R  A  Brooman — Stoves 

3418  M  Clark — Treating  wasteliquors  obtained  when 
dyeing  turkey  red  colours 

34ly  J  U  Dalhoff—  Cutting  files 

3420  C  Fnrrar — Treating  certain  fibrous  materials 

Datfd  December  23rd,  1862. 

3421  C  Pieper— Governor  for  steam  engines 

3422  F  Parker— Carriag* s 

3423  R  A  Brooman — Colouring  matter 

3424  C  A  F  Collette—  Lac 

3425  J  Patterson — Griuding,  crushing,  cutting,  cleau. 
ing,  and  shelling  farm  or  vegetable  produce 

3426  KB  Wi.soh — Alalleable  iron  and  steel 

3427  G  Haseltme— Converting  petroleum  or  coal  oil 
into  gas 

3428  J  Whitley  aud  J  W  Burton— Permauent  way 
of  railways 

342*  S  Russell— Stereoscopes 


Flcute  23th 
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By  Messes.  Mibblees  and  Tait,  Glasgow-. 
{Illustrated  by  Plate  230.) 
Our  copper-plate  engraving  represents  a  perspective  view  of  a  sugar 
mill  and  steam  engine  complete,  manufactured  by  Messrs.  Mirrlees 
and  Tait,  of  Glasgow,  who  have  earned  a  wide-spread  reputation  for  the 
excellence  of  the  machinery  manufactcred  by  them  for  the  extraction  of 
the  .juice  from  the  sugar  cane. 

The  subject  represented  by  our  plate  formed  a  very  prominent  object 
amongst  the  machinery  in  motion  in  the  late  International  Exhibition, 
where,  doubtless,  numerous  of  our  readers  have  seen  the  apparatus  at 
work.  We  have  also  included  a  notice  of  the  machinery  exhibited  by 
Messrs.  Mirrlees  and  Tait,  in  Number  6  of  the  series  of  Aetizax  Inter- 
national Exhibition  supplementary  numbers,  and  in  which  we  also  gave 
■woodcut  illustrations  of  the  sugar  mill  only. 

The  mill  has  three  crushing  rollers  of  cast  iron,  each   33  in.   diameter, 

and  7  ft.  long,  the  upper  one  of  which  drives  the  two  side  ones  by  strong 

pinions  keyed  on  the  ends  of  their  respective  shafts  or  gudgeons.     This 

npp  -r  roller  revolves  in  a  line  with  the  axis  of  the  largest  of  the  train  of 

spur  wheel  gearing  for  transmitting  the  power  of  the  engine  to  the 

mill,  a:id  is  connected  to  it  by  a  short  malleable  iron  shaft,  with  two  large 

fitting  couplings   which  allow  it   to   be  easily  disconnected.     It  is 

■Beared  from  rising  by  strong  cast  iron  covers  and  four  wrought  iron  bolts, 

which   paM  downwards  through   the  headstocks,  mill  bed,  and  the  heavy 

on  which  the  mill  sits,  beneath  which  they  are  secured  by  wrought 

iron  washers  a  id  cottars. 

Hub  side  roller  can  be  adjusted  separately  to  the  requirements  of  its 
work  by  large  set  screws,  bearing  on   thiek    malleable  iron  plates  fitted  to 
kg  of  the  journal  bashes. 
The  hi  which  carry  the  bearing!  of  all  the  rollers,  an 

mirilv  very  strong,  hiving  to  resist  the  entire  force  of  the  engine  acting 
■rough  a  leverage  of  16  to  1.    They  ar--  ic  made  tfa  tl  each  roller  oan  be 
•  .nt  or  replaced  without  interfering  with  the  other  pirts. 

The  velocity  of  the  surfa. f  the  rollers  is  about   18ft  per  minntei 

sjnd  the  weight  of  each,  with  its  malleable  ir  m  abaft  or  gudgeon,  about 
10  tons. 
The  mill  bed  upon  which  the  hes  idly  fixed  is  a  casting 

in  one  piece,  which  serves  also  to  n ive  the  cane  juice  aa  it  fal 

the  rollers.    The  juice  is  delivered  bj  a  spool  it  one  side  of  the  bed.plate 

iparate  casl  iron  cistern  provided  with  perforated  copper  itrainersj. 

In  this  cistern— for  the  purpose  of  elevating  the  cane  juice  into  the 

i     is  placed  a  very  large  pump  lined  with  l>r,is..  with  ■  brass 

ed  slowly  from  -i  crank  disc  on  the  end  of  one  of  the  roller 

ins. 

agar  ennes  arc  distribul  -I  on    in   endless  travi   ling  tab! 

ier.  also  driven  from  thecndofoi I  the  roller  gudg  Motion 

h  and   pitch  chain  pear.     The  movement    of  tli 

to  the   mill,  and   projects   tl i   over  a  steep  in 

>  into  the  bite  of  the  upper  and  first    roller,      iv     ig  through  the,,.. 
ire  dctlcctcd  upwards  by   the  concave  upper  surface  ot  an  iron 
',  fixed  between  the  rollers  into  the  bite  ->t   the   upper  and  the  other 
roller,  where  the  utmost   amount  of  juice  is  extracted,  and  tho  i 

is  delivered  out   to  another  endless  table,  which  carrlei  it 
•way  to  be  dried  in  the  sun  or  st,,re,l  for  fnel. 
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The  product  of  this  mill  in  cane  juice  is  estimated  at  4000  gallons  per 
hour,  equal  to  about  2  tons  of  dry  sugar. 

A  prize  medal  was  awarded  by  the  Jury  of  Class  8  to  Messrs.  Mirrlees 
and  Tait  for  the  general  excellence,  good  design,  and  good  workmanship 
of  the  machinery  we  have  just  described. 

The  mill  is  worked  by  a  high  pressure  beam  steam  engine,  constructed 
upon  a  very  deep  massive  bed-plate,  cast  in  one  piece.  Into  this  the 
columns  are  fitted  the  entire  depth  of  the  bed,  and  the  whole  is  bound 
together  by  strong  malleable  iron  bolts,  cottared  into  the  bed-plate  below, 
passing  through  the  centre  of  the  columns,  and  secured  above  the  entablature 
by  large  nuts. 

The  steam  cylinder  is  22in.  in  diameter,  having  a  stroke  of  4ft.  6in. 
Besides  the  ordinary  slide  valve  there  is  a  gridiron  expansion  valve, 
worked  by  an  eccentric  on  the  crank  shaft,  and  by  means  of  a  slotted  link 
the  amount  of  expansion  can  be  varied  with  the  utmost  facility  while  the 
machinery  is  at  work. 

The  power  of  the  engine  is  transmitted  to  the  mill,  and  the  speed 
reduced  in  the  proper  ratio,  by  a  double  train  of  very  heavy  spur  wheels, 
the  axes  of  which  are  rigidly  secured  to  a  deep  cast  iron  bed-plate  of 
similar  design  to  the  engine  bed.  The  largest  wheel  of  this  train  is  ex- 
pressly designed  for  the  specialities  of  the  work  to  be  performed.  The 
centre,  arms,  and  segments  are  all  made  in  separate  pieces.  The  arms 
are  of  circular  section  and  hollow,  thus  BBCUring  the  beat  distribution  of 
the  metal  for  all  strains,  the  whole  fitted  with  great  accuracy  and  secured 
by  turned  bolts. 


A    CRITICAL    AND    HISTORICAL    11KVIKW   OF    LOCOMOTIVK 
ENGINEERING. 
Hv  .1.  .1.   Hi  lit  m, 
{Continued  fro 
[llluttrated  by  Plates  281  and  232.) 
To  proceed  in  the  manner  sketched  out  :>t  the  outsel  of  our  subject,  we 
have  now  to  lay  before  our  leaders,  and  to  inquire  Into  t he  various  ones) ions 
relating  to  the  iteam  engine  proper,  under  which  mime  is  to  be  comprised 
the  cylinder,   the  steam    distributing    apparatus,    and   these    parts   of 
machinery  by  mean  of  which  motion  Isflnallj  commanioated  to  the  engine, 
[n  treating  of  the  boiler,  we  have  seen  already  thai  by  adopting   ram- 
boar's  method  of  determination  oi  the  heating  surface,  the  diameter  of  the 
cylinder,  the  stroke  and  the  diameter  of  the  driving  wheel  are  conspicuous 
elements  In  the  formula  which  defines  the  amount  of  thai  heating  >m: 
ice  it  h.re  for  tin-  facility  of  refer 


A 


3-1,31  fl 


t) 


w'h.-re  all  tin-  symbols  keep  their  former  meaning,  bnt  whei  Is  f.  r 

-  efficient  of  efficiency  of  steam  for  the  particular  {rude  oft  sponsion 
nt  which  it  is  Intended  to  work  the  engine  when  ||  performs  its  maximum 

'I'll  I    :it    the  s| |   r. 

This  forms  il  the  heating    nrfl required  to  perform 

-  .(in  duty,   is  directly   proportional   to  the  product  of  tl 

of  the  diameter  ot  the  cylinder,  i>.\  the  stroke,  and  Inversely  as  thi 
diameter  of  the  driving  wheel ;  and  »*  the  diameter  "t  the  cylinder 
(which  is  in  the  main  regulated  by  thi 

be  made  to  vary  by  altering  thi  diameter  of  driving 

wheel,  it  Is  necessary  to  inquire  which  are  the  best  proportions  to  be  adopted 
for  these  several  elements  of  the  engine.    It  « ill  bo  al 

given  resistance  at  the  i  hrcumfurenoeof  the  driving  wheal 
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d-  will  vary  at  the  same  time  in  an  equal  but  inverse  ratio;  the  relative 
values,  d,  I  and  D,  therefore,  cannot  in  any  way  affect  the  value  A  of  the 
heating  surface,  and  must  be  decided  upon  from  considerations  having  re- 
ference to  the  efficient  working  of  the  engine  alone.  In  treating  of  this 
question,  Mr.  Clark  says,  "  It  is  desirable  to  limit  the  diameter  of  piston, 
and  consequently  the  area,  in  order  to  prevent  an  excessive  concentration 
of  pressure  on  the  bearings  of  the  driving  wheel;  it  is  desirable  also  to 
limit  the  speed  of  piston  in  order  to  moderate  the  number  and  violence  of 
the  reciprocations,"  to  which  we  would  also  add,  in  order  to  reduce  as  much  as 
possible  the  bad  effects  of  ivire  drawing.  In  his  chapter  treating  of  the  data 
regulating  the  general  proportions  of  the  engine,  Mr.  Clark  says  that  the 


maximum  speed  of  piston  should  be  600ft,  or  15ft.  per  minute  for  every 
mile  of  speed  per  hour ;  that  the  orthodox  ratio  of  diameter  of  cylinder  to 
stroke  is  as  3  to  4,  and  that  the  ratio  of  stroke  to  diameter  of  driving 
wheel  should  be  from  1  -h  3|  to  1+4,  for  engines  of  high  speed,  and 
should  not  in  any  case  exceed  1+2. 

In  order  to  test  the  correctness  of  these  statements,  we  must  refer  to 
results  obtained  from  actual  practice,  which,  at  the  present  day,  should  be 
the  best  source  of  information  upon  all  questions  governed  chiefly  by  prac- 
tical, rather  than  by  theoretical  considerations,  and  subjoined  is  a  short 
table  of  proportions  of  engines  from  the  recent  practice  of  Messrs.  Sharp, 
Stewart,  and  Co.,  Fairbairn,  Ramsbottom,  and  others. 


TABLE  A. 

■a 
o 

to 

■a 

Designation  of  Engines  and  Makers. 

!f4 

o 

O 

s 

s 

CD 
p 

o 

s 

d 

i 

I 
D 

d2l 
D 

Express  and  Passeugebs. 

in. 

in. 

ft.      in. 

Sharp,  Stewart,  and  Co.'s,  London,  Chathan,  and  Dover. 

17 

22 

6    6 

3  +  3-88 

1 

+  354 

0-565 

Sharp,  Stewart,  and  Co.'s,  Great  Western   

16 
16 

24 
22 

7    0 
7    0 

3  +  4-5 
3  +  4-12 

1 
1 

+  35 
+  3'82 

0-508 
0-465 

Sharp,  Stewart,  and  Co.'s,  London  and  North  Western.. 

Sharp,  Stewart,  and  Co.'s,  Lucca  and  Pistoja 

15 

20 

5    6 

3  +  4 

1 

+  3'3 

0-473 

16 

24 

7    6 

3  +  4-5 

1 

+  3-75 

0-474      _ 

16 

20 

7    0 

3  +  3-75 

1 

+  4-2 

0-423 

Fairbairn's  Wolverton  passenger 

16 

21 

6    0 
Mean... 

3  +  3-93 

1 

+  3-43 

0-518 

Goons'  Engines. 

3  +  41 

1 

+  3-72 

0-490 

Sharp,  Stewart,  and  Co.'s.  London,  Chatham,  and  Dover 

17 

24 

5    0 

3  -=-  4-23 

1 

+  2-5 

0-802 

16 

24 

5    0 

3  +  445 

1 

+  2-5 

0-711 

17 

24 

5    0 

3  +  4-23 

1 

+  2-5 

0-802 

16 

18 

24 
24 

5     6 
5    0 

Mean... 

3  +  4"5 
3+4 

1 
1 

+  2-8 
+  2-5 

0-646 
0-900 

Fairbairn's,  Wolverton  

3  +  4-29 

1 

+  2-56 

0-772 

It  appears  from  this  table  that  for  express  or  passenger  engines,  the 
ratioof  diameter  to  stroke  is  about  as  3  to  4,  and  for  goods  engines  as  3  to 
4£  nearly,  and  as  these  ratios  are  regulated  absolutely  by  the  two  general 
condititions,  stability  upon  the  rails,  and  available  space  between  the  rails, 
— no  great  departure  from  them  is  possible  in  practice,  and  on  that  account 
we' feel  inclined  to  qualify  them  as  the  only  possible  ratios,  rather  than  the 
orthodox  ratios  ;  a  similar  remark  may  be  made  regarding  the  ratio  of 
stroke  to  driving  wheel,  which,  in  the  case  of  engines  for  quick  traffic, 
is  governed  by  the  practical  limit  to  speed  upon  the  rails  ;  and  in  the 
ease  of  goods  engines,  by  considerations  of  commercial  economy,  which  we 
know  are  far  from  being  absolute,  as  is  evidenced  by  a  comparison  between 
the  goods  engines  of  this  and  of  other  countries,  which  shows  that  while 
here  the  diameter  of  driving  wheels  is  from  5ft.  Oin.  to  5ft.  6in.,  in  France 
and  in  America,  it  is  more  generally  4ft.  6in.,  and  even  less  than  that. 

These  ratios  being  decided  upon,  nothing  would  be  easier  than  to  define 
the  diameter  of  the  cylinder  and  the  stroke  for  a  given  resistance  at  the 
circumference  of  the  drivimg  wheel,  and  for  an  assumed  mean  pressure  in 
the  cylinder  :  it  being  a  universal  practice  now,  to  supply  the  engine  with 
two  cylinders,  these  dimensions  will  be  obtained  from  the  following  general 
equation : — 


144  pa 


4 1  =  m  7T  d 


which  for 


becomes 


144  _#, 


±*4 
3 


d»  =  -Rtr> 


and 


V 


i      Rf  D_ 

4    '    144'  pa 


(9) 


and  for 


d  = 


3_ 
4-29 


4-29 


IUD 

144  pa 


(10) 


in  which  formula  p„  expresses  the  mean  actual  pressure  upon  the  square 
inch  of  piston,  and  the  meaning  of  the  other  symbols  remains  as  previously. 
If  for  instance  we  would  find  the  diameter  of  cylinder  and  stroke  required 
to  perform,  the  duty  expressed  by  formula  (1),  of  our  previous  paper  in  The 
Aetizan  of  last  month,  in  which  case  the  total  resistance,  including  back 
pressure  at  the  circumference  of  the  driving  wheel,  is  75611bs. ;  taking  pa  at 
901bs.  and  D  =  8ft.,  we  should  have 


7561  x  8 


144  x  90 


1-5  ft.  =  18  in. 


which  would  give  a  stroke  of  24  inches. 

The  method  of  course  might  be  reversed,  and,  instead  of  assuming  a  cer- 
tain mean  pressure,  we  might  assume  the  dimensions  of  the  cylinder,  and 
find  the  pressure  required  for  these  given  data.  We  believe,  however,  that 
the  former  method  is  to  be  preferred,  because  in  the  present  state 
of  matters  we  are  able  to  ascertain  pretty  accurately  what  mean 
actual  pressure  we  have  in  the  cylinder  for  a  given  maximum 
pressure  in  the  boiler  ;  and  since  we  know  that  high  pressure  and  economy 
are  two  correlative  facts,  by  adopting  the  former  method  the  engine  may  at 
once  be  made  to  work  under  the  most  economical  circumstances  possible, 
so  far  at  any  rate  as  pressure  is  concerned. 

To  define  the  mean  actual  pressure  in  the  cylinder  in  terms  of  the  pres- 
sure in  the  boiler,  we  shall  not  have  recourse  to  Mr.  Clark's  formula  fur 
mean  effective  pressures,  having  found  it  to  be  incorrect  in  its  results,  and 
deficient  of  the  element  of  loss  of  pressure  sustained  in  the  passage  from 
the  boiler  to  the  cylinder;  but  we  find  the  means  of  supplying  our  present 


The  Abtizah,  I 

Fet>.  1,  1363.     J 


Critical  and  Historical  Review  of  Locomotive  Engineering. 


27 


want,  partly  from  the  valuable  plate  of  indicator  diagrams  taken  from  the 
engine  "  Great  Britain,"  on  the  Great  Western  Railway  in  1817,  '19,  and 
'50  ;  and  partly  from  the  chapter  treating  of  the  relative  pressure  in  the 
cylinder,  the  valve  chest,  and  the  boiler.  The  former  enables  us  to  find 
the  mean  pressure  in  the  cylinder  for  various  grades  of  expansion  as 
derived  in  each  case,  from  seven  or  nine  diagrams,  taken  at  varying  speeds 
of  from  16  to  55  miles  per  hour ;  and  the  latter  enables  us  to  find  the 
mean  loss  of  pressure  between  the  boiler  and  the  cylinder,  from  observations 
made  by  Messrs.  Gouin  and  Lechatelier  in  France,  and  by  Mr.  Gooch,  and 
also  by  Mr.  Clark,  in  this  country.  These  observations  show  in  the  first 
place,  that  the  decrease  of  pressure  diminishes  in  proportion  as  the  opening 
of  the  steam  regulator  is  enlarged,  up  to  a  certain  point  corresponding  to 
an  area  of  o'gth  that  of  the  piston,  when  a  further  increase  of  opening  is 
not  accompanied  by  a  corresponding  increase  of  pressure ;  the 
fact  just  stated  is  so  self-evident  that  it  deserves  to  be  mentioned 
only  on  the  ground  of  its  leading  to  the  knowledge  of  the  maxi- 
mum useful  opening  of  the  regulator;  it  is  fully  appreciated  also 
by  engine  drivers  generally,  who  work  their  engines  as  much 
perhaps  from  the  regulator  handle  as  from  the  expansion  gear  proper. 
But  as  we  intend  to  deal  with  the  condition  of  maximum  power  chiefly, 
those  observations  only  will  serve  our  present  purpose  which  have  been 
taken  with  a  maximum  useful  opening  of  the  regulator ;  we  have  to 
regret,  however,  that  their  number  is  exceedingly  small.  The  most  com- 
prehensive of  the  several  series  recorded  by  Mr.  Clark,  are  those  made  by 
Mr.  Gooch,  which  indicate,  simultaneously,  the  pressures  in  the  cylinder, 
the  valve  chest  and  the  boiler ;  and  though  we  find  it  difficult  to 
believe,  as  stated  by  Mr.  Gooch,  that  the  pressure  in  the  steam 
chest,  was  actually  greater  than  that  in  the  boiler,  yet  do  they 
seem  tolerably  trustworthy  in  the  final  result  which  we  are  inquiring 
into.  The  mean  loss  of  pressure  computed  from  thirty-six  observations  is 
by  them  shown  to  be  9  per  cent,  of  the  initial  pressure  in  the  boiler,  and 
the  maximum  loss  is  17  per  cent,  of  the  same,  occurring  at  a  speed  of 
forty-three  miles  per  hour  and  with  an  admission  of  30  per  cent,  of  the 
stroke.  Mr.  Clark's  observations  show  a  fall  of  pressure  between  the 
steam  chest  and  the  cylinder,  varying  from  9  per  cent,  to  20  per  cent., 
and  those  of  Messrs.  Gouin  and  Lechatelier  show  a  loss  of  16  per  cent, 
between  the  cylinder  and  the  boiler,  and  a  loss  of  12  per  cent,  between 
the  cylinder  and  the  valve  chest  at  speeds  of  29  miles  per  hour. 

From  these  figures  we  think  that  we  may  safely  infer  that  a  loss  of  23 
per  cent,  of  the  pressure  in  the  boiler  is  all  that  need  be  reckoned  upon 
for  engines  working  under  ordinary  circumstances,  although  when  there 
is  heavy  priming,  that  loss  may  amount  to  60  per  cent.;  with  this  assump- 
tion and  with  the  plate  of  indicator  diagrams,  above  referred  to,  we  have 
computed  the  following  table  of  mean  actual  pressures  in  the  cylinder  for 
various  grades  of  expansion,  expressed  in  percentage  of  the  pressure  in  the 
boiler  ;  in  the  same  table  we  give  the  mean  pressure  in  pounds  per  square 
inch,  for  a  pressure  of  ISOlbs.  in  the  boiler,  the  mean  actual  pressure  in  per- 
centage of  the  maximum  pressure  in  the  cylinder  and  the  relative  efficiency 
of  steam  for  the  corresponding  grades  of  expansion. 


Admission  in 
per  centage 

of  Stroke. 

Mean  actnal 

pressors  in 

cylinder  in  per 

cent  of  pressors 

in  boiler. 

Mean  actual  pres- 
sure for  maxi- 
mum pressors  of 

loUlbs.  in  boiler. 

Mean  actual 
pressors  In 
cylinder  in  per 
cent,  of  maxi- 
mum pressure 
iq  cylinder. 

Relative 

cfticicncy 

of 

steam. 

lbs.  per  sq.  in. 

100 

77 

1155 

100 

1-00 

71 

7V5 

107-25 

92-33 

1-30 

60 

69-5 

104-25 

89-70 

1-415 

49 

600 

90-00 

77-50 

1-711 

40 

m 

7365 

63-40 

idk; 

30 

419 

62-85 

54-10 

2-200 

This  table  will  enable  the  reader  to  apply  the  general  formula'  (9)  and 
(6),  to  any  particular  case  which,  in  practices  '"•  may  be  called  upon  to 
solve,  he  having  but  to  remember  that  for  goods  engines  the  pressure  and 
the  relative  efficiency,  corresponding  to  the  long  periods  of  admission,  are 
to  be  taken,  and  for  express  iger  engines,  those  corresponding  to 

»rt  periods  of,  say,  from  LO  to  50  per  cent. 

Cylinders  are  mad  iron  and  should  l»-  of  a   bard  qnalil 

metal,  in  order  to  wear  long  without  requiring  to  be  bored  out  afresh;  in 
earlier  days  they  were  made  invariably  of  from  to  Lin.  metal  in  the 
body,  but  of  late  it  has  become  s  freqnent  pmetice  to  make  them  l',in. 


thick,  in  order  chiefly  to  get  as  much  wear  as  possible  without  lining  them 
up ;  they  are  made  long  enough  to  leave  a  clearance  of  from  t?  to  -Hn. 
at  each  end  between  the  covers  and  the  piston  when  it  has  reached  the 
end  of  its  stroke,  and  are  bell  mouthed  at  the  ends  to  admit  of  being 
rebored  without  renewing  the  covers  which  invariably  project  some  distance 
into  them.  These  latter  are  ground  true  upon  the  ends  of  the  cylinders 
and  are  bolted  to  them  by  means  of  stud  bolts  varying  from  8  to  16  in 
number  and  from  f  to  lin.  diameter. 

Some  attempts  to  introduce  wrought  iron  cylinders  have  been  made, 
chiefly  with  a  view  to  avoid  breakages  in  the  body  of  the.  cylinder,  but 
without  success.  Should  steel,  however,  become  so  cheap,  as  it  is  now 
predicted  it  will  become  by  the  aid  of  Bessemer's  process,  we  may  look 
forward  to  the  day  when  they  will  be  made  of  cast  steel. 

When  the  diameter  of  the  cylinder  and  the  stroke  are  decided  upon, 
the  next  point  to  settle  is  the  area  and  the  shape  of  the  steam  ports,  and 
as  it  has  been  stated  that  the  useful  opening  of  the  regulator  amounts  to 
one-twentieth  the  area  of  the  piston,  it  is  clear  at  once  that,  so  far  as  the 
admission  is  concerned,  the  area  of  the  ports  should  not  be  less  than  this 
amount ;  experience,  however,  teaches  that  the  great  condition  of  economy 
in  the  locomotive  engine  is  an  easy  and  quick  release  of  the  steam  behind 
the  piston,  and  one  of  the  means  of  realising  this  condition  is  to  provide 
ample  area  in  the  steam  ports,  which,  on  that  account,  is  made  of  from 
one-twelfth  to  one -fourteenth  that  of  the  piston. 

It  does  not  appear,  at  first  sight,  that  the  shape  of  the  steam  port  has 
any  influence  upon  the  easy,  and  we  may  say  the  economic  flow  of  the 
steam  ;  but  when  it  is  remembered  that  the  fall  of  pressure  between  cylin- 
der and  valve  chest  may  amount  to  20  per  cent,  of  the  whole  pressure, 
considering  the  short  distance  over  which  the  steam  has  to  travel  here,  as 
compared  with  the  length  of  pipe  between  the  regulator  and  the  steam 
chest,  it  behoves  us  to  inquire  into  the  causes  of  this  loss  of  pressure 
which  entails  such  a  material  loss  of  mechanical  effect,  and  to  see  whether 
it  is  not  in  some  measure  attributable  to  the  shape  of  the  steam  ports. 

Morin's  experiments  upon  the  flow  of  steam  in  stationary  engines  are 
calculated  to  enlighten  us  upon  this  subject,  and  show  that  the  loss  of 
pressure  varies : — 

1.  As  the  square  of  the  speed  of  piston. 

2.  As  the  square  of  the  ratio  of  area  of  piston  to  area  of  steam  passage. 

3.  As  a  factor  dependent  on  bends  and  friction. 

4.  They  show  also  that  friction  is  proportional  directly  to  the  length  of  the 
passage  and  to  its  periphery  ;  that  is  for  passages  of  equal  extent  in  length, 
and  of  equal  area,  that  one  will  occasion  the  smallest  loss  by  friction  whose 
cross  section  has  the  smallest  periphery  :  to  illustrate  our  meaning  let  us 
suppose  that  a  steam  passage  of  16ins.  area  is  required ;  this  may  be  ob- 
tained by 

A  circle  4£in.  in  diameter  having  a  periphery    of  14.1in. 

A  square  4in.  x  lin.  „  „  of  16'0in. 

A  parallelogram  7in.  x  2^jin.     „  „  of  18-6in. 

A  „  llin.  x  lAim     „  „  of  21-8in. 

A  „  12in.  x   l/5in.     „  „  of  26-7in. 

which  table  shows  that  for  a  given  area  the  circle  has  the  smallest 
periphery,  that  it  increases  as  we  pass  from  the  circle  to  the  square,  and 
from  the  square  to  the  parallelogram,  until  in  the  last  case,  which  is  not 
an  uncommon  size  of  port,  it  is  nearly  double  that  of  the  circle.  It  is  true 
that  various  conditions  of  the  problem  lead  to  the  shape  of  a  rather  elon- 
gated parallelogram,  yet  is  it  good  to  call  the  render's  attention  upon  this 
fact,  and  to  point  out  the  propriety  of  reducing  the  ratio  between  the  two 
sides  of  the  port  as  much  as  possible,  since  wire  drawing,  which  is  the  loss 
of  energy  of  the  steam  occasioned  by  the  work  of  friction  against  the  sides 
of  the  port,  will  be  much  less  with  a  wide  port  and  a  great  travel  of  valve, 
than  with  a  narrow  but  long  port,  and  a  small  travel  of  valve. 

We  have  now  reached  that  stage  of  our  study  when  we  are  called  upon 
to  detail  before  cur  readers  and  to  describe  the  mechanical  contrivances  by 
means  of  which  the  steam  is  distributed  into  the  cylinders,  and  as  the 
problem  of  an  advantageous  and  economic  evolution  of  the  mechanical 
work  stored  up  in  the  steam  is  centered  almost  exclusively  in  these  parts 
of  the  machinery,  which  might  very  properly  be  called  the  heart  of  the 
engine,  we  shall  trace  the  history  of  tliei-  developement  from  the  earliesL 
time  of  locomotive  engineering  in  order  to  ghe  a  full  illustration  of  the 
amount  of  ingenuity  and  patient  thought  which  has  been  spent  upon  the 
subject  ere  it  was  solved  in  a  satisfactory  manner. 

One  of  the  first  conditions  of  existence  of  tin'  engine  is  an  easy  and  sure 
means  oi  reversing  its  motion  upon  the  rails,  or  in  other  words  of  causing  it 
to  run  either  backward  or  forward  al  will ;  this  WS»  Ural  done  and    still   is 

done  in  many  stationary  and  marine  engini  s,  by  meant  of  loose  excentrica 
whose  position  upon  the  axle  or  crank  shaft,  in  front  or  behind  the  crank, 
is  determined  by  cams  or  catches  fixed  npon  the  shaft,  the  act  of  starting 
in  reversing  being  accomplished  by  shifting  the  valve  directly  with  hand 

This  system   of  undtobel :ambrousfbr 

locomotives  where  the  availabl  extremely  limited,  and  al  the 

time  it  was  too  abrnpt  and  easily  deranged  :  for  mi  i<   »  i 

soon  displaced  by  the  more  substantial  plan  known  as  Cartnii  ha  d'a  voli  'gear 
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(Fig  1  Plate  23),  in  which  the  eccentrics  were  fast  upon  the  axles,  and  the 
eccentric  rod  ends  were  provided  with  a  double  fork  intended  to  work  in 
the  studs  of  a  double  lever  fixed  upon  the  rocking  or  valve  shaft ;  they 
were  placed  in  forward  or  backward  gear  by  means  of  a  reversing  snatt 
and  levers  which  caused  them  to  engage  either  the  upper  or  lower  stud,  and 
thus  the  direction  of  the  movement  was  readily  changed  by  working  one 
handle  only;  the  forks  were  made  wide  enough  to  engage  the  studs 
in  all  positions  of  the  valve,  and  Mr.  Clark  says  that  when 
the  whole  mechanism  was  well  proportioned  it  preserved  the 
lead  of  the  valve  both  ways,  or  in  other  words,  the  fact  of 
reversing  the  motion  did  not  alter  the  relative  position  of  crank  and 
valve  with  regard  to  the  periods  of  admission  and  release  of  steam.  It 
seems,  however,  that  this  piece  of  mechanism,  though  a  great  improve- 
ment upon  the  old  method,  was  soon  found  to  be  defective  in  that  very 
point  of  preserving  the  lead  both  ways,  since  it  was  superseded,  in  1837, 
by  the  method  of  four  eccentrics  introduced  first  by  Hawthorn,  in  which 
each  valve  is  provided  with  two  fixed  eccentrics  keyed  respectively  before 
and  behind  the  crank.  (Fig.  2)  illustrates  this  method,  as  carried  into 
practice  by  the  Stephensons,  in  whose  arrangement  both  eccentric  rods 
were  hung  underneath  the  stud  of  the  valve  lever,  and  were  raised  and 
lowered  simultaneously  by  being  hung  from  two  reversing  shafts,  placed 
symetrically  in  front  and  behind  the  centre  of  the  working  shaft,  but 
worked  by  one  reversing  handle  only.  This  arrangement  had  the  ad- 
vantage of  being  self-balanced,  and  was  worked  very  easily,  though  the 
presence  of  two  reversing  shafts  was  rather  cumbrous.  Sharp  and  Roberts' 
plan  (Fig.  3)  differed  from  Stephenson's,  in  that  the  forward  and  backward 
gabs  were  placed  respectively  above  and  below  the  stud  of  the  valve  rod 
lever,  but  still  hung  from  two  distinct  reversing  shafts.  This  arrangement 
is  scarcely  an  improvement  upon  the  former,  though  it  might  have  been 
a  decided  simplification  of  it  by  removing  one  of  the  reversing  shafts,  and 
it  is  to  be  wondered  that  the  proverbial  ingenuity  of  Mr.  Roberts  did  not 
at  once  discover  its  superfluity  here,  as  was  afterwards  done  by  Buddicom, 
of  Rouen,  whose  valve  gear  is  illustrated  by  (Fig.  4). 

The  problem  of  reversing  the  engine  was  now  effectually  solved  and 
henceforward  we  find  the  ingenuity  of  man  exerting  itself  to  devise  means 
for  working  the  steam  expansively. 

The  benefits  of  an  increased  lap  and  consequently  of  a  slight  expansive 
action,  and  an  early  release  of  the  steam  had  been  ascertained  by  practice 
upon  the  Liverpool  and  Manchester  Railway  since  1838,  and  the  means  of 
long  and  variable  expansion  were,  therefore,  at  once  sought  in  a  consider- 
able increase  of  the  lap  accompanied  with  variable  travel  of  the  valve. 
The  first  scheme  which  we  meet  with  is  John  Gray's  (Fig.  5)  which  was 
applied  to  some  engines  on  the  Liverpool  and  Manchester  Railway  in 
1839.  Here  the  eccentric  rods  were  made  to  work  in  a  slot  lever,  curved 
to  the  radius  of  the  rods,  and  pivotting  upon  a  fixed  centre  at  one  end, 
while  the  valve  rod  was  attached  to  the  other,  and  the  travel  of  the  valve 
was  altered  by  raising  or  lowering  the  excentric  rod  ;  the  engine  was  re- 
versed, as  before,  by  the  use  of  two  eccentrics  which  were  thrown  in  and 
out  of  gear  by  means  of  a  suitable  arrangement  of  frames  worked  from 
one  reversing  handle,  and  made  to  engage  into  slot  levers  respectively 
commanding  the  forward  and  backward  rods.  This  scheme,  though  it  is 
cumbrous  and  complicated,  and  the  action  of  reversing  the  engine  difficult 
and  abrupt,  must  be  looked  upon  as  the  origin  of  the  modern  valve  gear, 
for  Williams'  motion  (Fig.  6)  is  a  natural  simplification  of  the  former,  but 
being  impracticable  in  its  arrangement,  was  finally  put  into  its  permanent 
and  elegant  shape  (Fig.  7)  by  the  Stephensons's,  with  whom,  therefore,  it 
may  properly  be  said  that  the  locomotive  engine  originated,  and  by  whom 
it  received  its  finishing  touch. 

Various  schemes  of  valve  gearing  have  been  at  different  times  proposed 
to  supersede  what  is  termed  the  Link  motion,  some  of  them  with  a  pretence 
at  simplification,  and  others  with  the  object  of  improving  the  action  of  the 
valve  with  regard  to  variable  expansion  and  release  of  steam  ;  the  greater 
part  of  them  however  have  met  with  little  or  no  success.  The  objects  of 
most  attempts  at  simplification  have  been  to  dispense  either  with  both  or  at 
any  rate  with  one  eccentric,  and  among  these  one  of  the  most  remarkable 
is  Hawthorn's  (illustrated  by  Fig.  8),  in  which  the  work  of  distributing 
the  steam  was  performed  by  the  connecting  rod  itself:  a  slide  block  was 
fixed  to  the  latter  in  a  suitable  position  of  its  length  and  was  made  to  slide 
in  a  slotted  link  which  transmitted  the  vertical  motion  of  the  block  to  the 
valve  levers.  The  method  of  reversing  was  substantially  the  same  as  in 
Carmichael's  gear,  but  the  lead  of  the  valve  was  regulated  by  giving  the 
slotted  link  a  certain  incline  either  from  the  cylinders  or  towards  them 
according  as  the  engine  was  to  run  forward  or  backward;  this  very  inge- 
nious scheme  was  certainly  much  more  difficult  of  adjustment  than  the 
method  of  two  eccentrics  and  was  much  more  complicated ;  on  that  ground 
also  has  it  not  met  with  much  success  although  it  yielded  good  results  so 
far  as  regards  the  distribution  of  the  steam. 

In  schemes  for  suppressing  one  eccentric,  this  object  generally  was 
attained  by  making  the  remaining  eccentric  movable  either  laterally  in  a 
helical  groove,  or  transversely  upon  the  axle,  which  was  made  square  on 


that  account;  this  however  was  only  returning  to  the  old  method  of  loose 
eccentrics,  long  since  condemned,  and  it  is  therefore  no  matter  for  wonder 
that  its  reprodnction  in  a  somewhat  altered  shape  should  have  met  with  no 
better  success. 

The  schemes  of  variable  expansion  generally  consisted  of  two  valves,  it 
being  the  work  of  one  valve  to  cut  off  the  steam  at  various  periods  of 
the  stroke,  while  the  other  distributed  it  into  the  cylinder  in  the  ordinary 
manner. 

Among  these  is  to  be  noted  Meyer's  expansion  gear  (Fig.  9)  which  was 
frequently  applied  to  locomotives  upon  the  continent, — before  the  good 
results  obtained  by  the  link  motion  were  properly  known, — and  which  is 
still  very  extensively  used  in  stationary  engines :  here  the  distributing 
valve  was  provided  with  ports  in  the  same  way  as  the  cylinder,  and  upon  the 
back  of  it  were  two  expansion  blocks  whose  distance  from  each  other  was 
regulated  from  the  outside  by  means  of  a  right  and  left  handed  screw,  and 
which  were  put  in  motion  sometimes  by  the  cross  head  of  the  piston  rod, 
sometimes  by  a  distinct  eccentric  parallel  with  the  crank;  when  therefore 
the  distributing  valve  was  at  the  end  of  its  travel,  the  expansion  blocks  were 
only  in  the  middle  of  their  travel,  and  the  degree  of  expansion  was  varied 
by  shifting  them  either  from  or  towards  the  centre  of  the  valve  face  by 
means  of  the  screw  before  mentioned.  The  distributing  valve  was  worked 
by  the  ordinary  double  eccentric  and  gab  motion.  This  expansion  gear 
accomplishes  its  intended  object  very  well  indeed,  but  has  the  disadvantage 
of  requiring  an  amount  of  space  which  in  locomotives  cannot  be  well 
afforded,  nor  has  it  the  same  claims  to  simplicity  as  the  link  motion,  by 
which,  for  these  reasons  it  has  been  superseded. 

Before  entering  into  the  analysis  of  different  kinds  of  link  motions  we 
will  explain  to  our  readers  the  general  mode  of  distributing  steam  by 
means  of  the  slide  valve,  and  point  out  the  defects  of  the  old  valve  together 
with  the  means  employed  to  remedy  them,  without  however  entering  into 
a  tedious  explanation  of  technical  nomenclature,  the  knowledge  of  which 
is  now  very  generally  diffused.  The  problem  of  distributing  steam  into  a 
cylinder  in  order  to  communicate  a  reciprocating  motion  to  the  piston 
very  naturally  presents  itself,  at  a  first  glance,  in  the  following  manner  : — 

1st.  To  let  the  steam  enter  the  cylinder,  when  the  piston  has  reached  the 
end  of  its  stroke,  and  to  allow  that  steam,  in  front  of  which  the  piston  is 
moving,  to  remain  in  the  cylinder  until  the  piston  has  reached  the  opposite 
end  of  the  stroke,  or  in  other  words,  to  allow  the  entire  volume  of  steam 
admitted  to  fill  the  extreme  capacity  of  the  cylinder. 

2nd.  To  begin  exhausting  this  steam  just  when  the  piston  starts  upon 
its  return  stroke,  and  to  allow  the  exhaust  to  continue  during  the  whole 
period  of  the  return  stroke. 

It  is  easy  to  perceive  from  these  conditions  of  the  problem,  that  the 
admittance  of  steam  at  one  end  of  the  cylinder  and  the  release  of  the  steam 
which  has  done  its  work  at  the  other  end  are  two  simultaneous  events,  and 
from  inspection  of  the  old  valve  diagram  (Fig.  1,  Plate  232)  it  will  be 
perceived  also  that,  under  these  circumstances,  the  valve  faces  just  cover 
the  steam  ports  with  only  a  nominal  lap  to  make  sure  that  the  steam  does 
not  enter  at  both  ends  of  the  cylinder  at  the  same  moment ;  the  valve 
also  is  at  mid  stroke  when  the  piston  is  at  the  end  of  its  stroke. 

Practice  however,  as  we  have  had  occasion  to  mention  already,  soon 
revealed  the  fact  that  these  are  not  the  true  conditions  of  the  problem,  if 
the  engine  is  to  perform  its  work  efficiently  and  economically.  The 
complete  exhaustion  of  the  steam  in  the  first  place  cannot  be  accomplished 
instantaneously,  and  since  under  the  above  conditions  the  exhaust  is 
allowed  to  commence  only  when  the  piston  begins  its  retrograde  movement, 
the  latter  meets  with  an  amount  of  back  pressure  seriously  prejudicial  to 
the  economic  interests  of  the  engine ;  but  if  the  steam  were  released 
sometime  previous  to  the  piston  reaching  the  end  of  the  stroke  a  great 
amount  of  back  pressure  would  be  avoided,  though  at  the  same  time  also 
a  certain  amount  of  useful  work  would  be  lost,  owing  to  the  untimely  fall 
of  pressure  occasioned  by  this  early  release  of  the  steam,  and  the  question 
presents  itself,  does  the  gain  upon  back  pressure  warrant  the  loss  of  useful 
work  thus  obtained  ? 

The  question  could  be  readily  answered  from  a  comparison  of  indicator 
diagrams  taken  from  engines  working  respectively  with  the  old  and  the 
modern  valve,  but  the  fact  of  the  gain  seems  to  be  so  evident  that  even 
Mr.  Clark,  who  enters  very  minutely  into  the  behaviour  of  steam  in  the 
cylinder,  has  not  deemed  it  necessary  to  draw  this  comparison  for  the 
satisfaction  of  the  minds  of  his  readers,  and  the  only  means  at  our  disposal 
to  establish  the  desired  parallel,  is  a  record  of  the  comparative  consumption 
of  fuel  with  progressive  modifications  of  the  valve,  a  summary  of  which  we 
reproduce  in  the  subjoined  table. 

Gross  average  consumption  of  coke  per  mile. 

49  lbs old  valve  J„  lap  1839. 

36  lbs valves  with  fin.  lap. 

32  lbs valves  with  fin.  lap. 

.28  lbs valves  with  lin.  lap. 

221bs ditto        ditto* 

*  With  increased  care  in  fixing. 
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The  reduction  in  the  consumption  of  fuel  here  shown,  however,  is  not 
solely  due  to  the  reduction  of  back  pressure,  but  arises  also  from  the  other 
sources  of  gain  which  we  yet  have  to  enumerate. 

Another  consequence  of  the  construction  of  the  old  valve  was  that  the 
steam  was  allowed  to  flow  into  the  cylinder  during  the  whole  period 
of  the  stroke,  and  hence  the  benefits  of  the  expansive  properties  of  steam 
were  lost  altogether,  although  they  had  not  remained  unknown  and  were 
largely  realised  in  the  stationary  engine.  By  inspection  of  the  diagram 
the  valve  with  one  inch  lap  (Pig.  2,  Plate  232),  it  will  be  seen  that  the  steam 
works  expansively  during  a  period  of  three-elevenths  of  the  stroke  and 
the  relative  efficiency  of  steam  at  this  degree  of  expansion  is  1*32  which, 
in  a  great  measure,  accounts  for  the  saving  of  fuel  recorded  in  the  above 
table.  It  will  be  seen  also  from  the  diagram  that  the  steam  is  released 
at  a  period  of  two-twentieths  of  the  stroke,  which  gives  it  sufficient  time 
to  clear  the  cylinder  by  the  time  the  piston  has  reached  the  end  of  the 
stroke.  Finally  the  valve  is  given  a  slight  amount  of  lead  varying  from 
one-quarter  to  three-eighths,  to  admit  the  steam  a  short  time  before  the 
piston  has  reached  the  end  of  the  stroke  with  the  object  of  filling  the  steam 
ways  and  of  providing  a  spring,  against  which  the  momentum  of  the  parts 
of  machinery  in  motion  wastes  itself,  thus  deadening  the  shock  which 
would  inevitably  be  occasioned  by  any  play  which  may  exist  between 
them,  and  avoiding  their  undue  wear  and  untimely  destruction. 
(To  le  continued). 
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Section  VIII. 

In  this  section  we  purpose  treating  of  the  flow  of  water,  under  various 
circumstances,  to  the  end  that  we  may  deduce  from  our  investigations 
formula}  which  may  be  applied  to  practical  purposes ;  as  the  construction 
of  canals,  weirs,  pipes,  etc. 

The  weight  of  water  is  taken  at  lOlbs.  to  the  gallon,  or  62-51bs.  or 
1000  ounces  per  cubic  foot,  we  shall,  however,  use  only  the  cubic  foot  in 
this  treatise. 

The  measure  of  gravity,  although  it  varies  slightly  for  different  parts  of 
the  earth's  surface,  is  usually  taken  at  32"182ft.,  this  being  the  velocities 
acquired  by  a  heavy  body  after  falling  freely  for  one  second,  the  space 
through  which  it  falls  in  the  first  second  being  equal  to  12,091ft.,  and  the 
above  measure  of  gravity  is  denoted  by  1. 

According  to  the  principles  of  uniformly  accelerated  motion,  the  velocity 
acquired  during  the  fall  of  a  heavy  body  are  as  the  times  occupied  in 
acquiring  them. 

Let  v  =  the  velocity  acquired. 

t  =  the  time  occupied.  • 

g  —  the  velocity  acquire  1  in  one  second. 
Then 

v  =  g  t, 

also  the  spaces  passed  through  are  as  the  squares  of  the  times  occupied  in 
passing  through  them. 

Let  h  =  height  of  fall. 

t  =  time  occupied  in  falling. 
J  g  =  space  fallen  through  in  one  second. 


'II;  m 


h  = 


=   H  '■ 


taking  the  value  of  b  from  this  equation,  and  substituting   it  in   the  first 
we  have, — 


t>  =   \/  2  /*  g  am 

since 

g  =  32182  feet 
y/ljtf  =  8-0227 

anil 

1      ■    0-16686 
*.</ 

conseq 

icntly, 

v  =  80227  y/  h 

and 

h  =  001553G  tr 

e  pii^B:' ■■■■■ 


r=£^=5i4JLP 


Pig.  36. 


General  Principles  of  the  Flow  of  Wateb. 

Let  A  (Fig.  36)  be  a  vessel  kept  constantly 
full  of  water  up  to  ef. 

If  an  orifice  is  made  in  the  horizontal  surface 
B  C,  the  fluid  will  pass  out  as  a  vertical  which 
will  rise  to  nearly  the  level  of  e  /,  and  it 
y-  would  be  quite  that  level  were  it  not  far 
certain  retarding  influences,  as  the  resis- 
tance of  the  air,  etc. 
By  the  first  principle  of  dynamics,  in  order  that  a  body  may  rise, 
vertically  to  a  certain  height,  the  velocity  imparted  to  it,  at  starting, 
must  be  equal  to  that  which  it  would  have  acquired  in  falling  freely 
through  the  same  distance.  Therefore  as  the  fluid  particles,  which  pass 
out  at  the  orifice  in  B  C,  are  raised  to  the  height  B  /,  they  must  have 
velocities  due  to  that  height,  which  is  the  height  of  the  water  in  the 
reservoir,  above  the  orifice. 

In  like  manner,  if  an  orifice  k  be  made  on  a  vertical  face,  the  velocity 
of  exit  of  the  particles  will  be  found  from  certain  relations  between  the 
lines  D  h,  D  I,  to  be  that  due  to  the  height  Jc  f,  and  it  would  pass  out 
with  a  velocity  due  to  Df,  if  an  orifice  were  opened  in  the  bottom  of  the 
vessel. 

If  we  call  v  the  velocity  of  issue,  and  H  the  height  of  the  water  level 
above  the  orifice,  we  shall  have, 

«=  y/ '  2g  h 

We  have  seen  that  the  water  does  not  quite  attain  the  level  of  water  in 
the  reservoir,  and  if  a  tube  was  fitted  to  the  orifice  it  wonld  rise  still  less 
high. 

Let  n  be  the  ratio  between  the  height  of  the  jet,  and  that  of  the 
reservoir  for  a  tube  of  a  certain  form,  H  and  H'  two  heights  of  the 
reservoir  and  v,  v'  the  corresponding  velocities,  then, 


whence, 


v  ~  v/a^BlLandu'  =  ^/zgnW 

v  :  u'  ::  ^/IT  :  -y/lr 


that  is  to  say,  the  orifices  being  of  the  same  form  the  velocities  are  as 
the  square  roots  of  the  heads. 

This  law  applies  to  fluids  of  all  kinds,  such  as  oil,  mercury,  and  the 
aeriform,  so  that  the  velocity,  with  which  each  of  them  passes  over,  is 
independent  of  its  nature  and  density,  and  depends  only  on  the  head. 

To  the  pressure  which  a  fluid  contained  in  a  vessel  exerts  by  its  own 
weight  on  the  orifice,  may  be  added  that  of  a  foreign  pressure,  let  this 
pressure  be  produced  by  a  body  P,  acting  on  a  surface  s,  then  to  find  the 
additional  head  of  water  to  which  it  is  equal,  replace  it  by  a  column  of 
water  of  equal  weight,  having  a  base  equal  to  s,  the  height  of  the  column 
will  be  the  additional  head. 

If  we  call  h  the  head  of  water  in  the  reservoir,  and  /*'  the  additional 
head,  the  velo'city  will  be, 

=  <f  2g(h  +h') 

We  call  the  discharge  of  an  orifice  the  volume  of  fluid  which  runs  out 
of  it  in  a  second. 

If  the  mean  velocity  were  that  which  is  due  to  the  whole  head,  this 
velocity  would  be 


if,  at  the  same  time,  the  particles  passed  out  from  all  points  of  the  orifice, 
and  in  parallel  lines,  the  volume  discharged  would  be  equal  to  a  prim 
having  the  orifice  for  its  base  and  the  velocity  for  it  height ;  it  would  be, 
calling  S  the  area  of  the  orifice, 


S  ^/igK 


(1) 


This  is  the  theoretic  discharge,  but  actual  discharge  is  always  less.  This 
diminution  of  the  discharge  is  produced  in  some  cases  by  a  diminution  of 
the  section  of  the  prism  of  water,  as  in  orifices  in  thin  plates  ;  in  others  it 
is  produced  by  diminution  of  velocity,  as  in  cylindrical  tubes. 

The  actual  discharge  will  in  -ill  cases  !»•  less  than  the  theoretic,  and  le 
reduce  the  latter  to  the  former,  we  must  multiply  it  by  a  fraction.  Lei 
m  represent  this  fraction  ;  then,  if  (>  is  the  quantity  discharged, 

Q-mS  s/'lgU  (2) 

and  if  Q'  is  the  volume  discharged  in  any  number  of  seconds,  N, 

Q'=roSN    y/'2gH  (8) 

The  diminution  of  discharge,  whether  it  proceed  from  diminution  of  Mm 
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section  or  of  the  velocity  of  the  vein,  is  always  the  consequence  of  the 
contraction  which  the  vein  experiences  on  passing  through  the  orifice, 
wherefore  m  is  called  the  co-efficient  of  contraction. 

We  will  now  show  the  cause  of  the  contraction  and  its  effects. 

If  we  take  a  transparent  vessel,  having  an  aperture  in  one  side  through 

which  the  contained  water  is  allowed  to  flow,  and  render  the  motion  of 

the  fluid  particles  visihle  by  disseminating  a  substance  of  equal 

i    ?  specific  gravity  in  fine  powder  through  the  liquid,   we  shall  find 

j    P^  £  that  after  leaving  the  orifice,  the  water  does  not  proceed  in  a 

\e\~J§  cylindrical  stream,  but  the  particles  approach  the  orifice  from 

'   zK^      various  directions,  converging  and  passing  through  the  aperture 

with  an  accelerated  motion ;  the  convergence  of  the  particles  of 

■p      „-    water  causing  a  contraction  without  the  orifice,  abed  (Fig.  37) 

IG'  '  shows  the  form  of  the  contracted  vein,  being  a  solid  produced  by 
the  revolution  of  the  curve  a  c  round  the  axis  e  f;  a  J  is  the  diameter  of 
the  orifice,  c  d  the  diameter  of  the  cylindrical  stream  after  contraction, 
e  f  the  distance  from  the  orifice  to  the  section  at  which  the  stream  becomes 
cylindrical ;  the  values  of  these  dimensions,  found  by  actual  measurement, 
are, 

If  a  b  =  1000. 

e  d  =    787. 
e  -f  =    390. 

from  which  we  may  obtain  the  co- efficient  of  contraction. 

The  ratio  between  the  diameters  before  and  after  contraction  being 
0-787,  the  ratio  between  the  sections  will  be  the  square  of  0'787  or  0619, 
which  will  be  the  value  of  m ;  substituting  this  in  equation  (2),  we  have, 


Q  =  0-619  S  ^/2^H (4) 

This  value  of  m  is  very  near  the  truth,  as  indicated  by  experiment. 

Flow  through  Orifices  and  Ajutages. 

We  will  first  consider  the  flow  through  an  orifice  in  a  thin  partition. 
The  co-efficient  of  reduction  of  the  theoretic  to  the  actual  discharge  is 
determined  by  measuring  the  volume  of  water  discharged  in  a  given  time, 
and  comparing  it  with  the  calculated  discharge. 

The  greatest  co-efficient  obtained  from  a  number  of  experiments  by 
Castel  and  others  on  circular  tubes  was  0'6t)2,  and  the  least  0'617 ;  on 
square  orifices  the  maximum  co-efficient  was  0-655,  and  the  minimum 
0-616.  We  have  hitherto  considered  that  the  fluid  arrives  equally  at  all 
parts  of  the  orifice,  but  it  is  not  always  so ;  for  instance,  if  the  aperture 
be  at  the  bottom  of  a  vertical  side,  and  its  lower  in  the  plane  of  the 
bottom  of  the  reservoir,  the  contraction  is  destroyed  on  that  side,  and  the 
discharge  is  greater. 

Some  experiments  have  been  made  by  M.  Bidone  for  the  purpose  of  ascer- 
taining the  increment  of  discharge  corresponding  to  partial  destruction  of 
the  contraction,  the  mean  of  the  experiments  giving  for  the  increment  of 
discharge  that  of  the  free  orifice  being  taken  as  unity, 

1  +  0-152  — 
V 
in  which  n  represents  the  length  of  the  perimeter  at  which  the  contraction 
is  suppressed,  and^>  the  length  of  the  whole  perimeter. 

The  greatest  error  of  this  formula  was  ^j,  we  may,  therefore,  adopt  for 
the  value  of  the  discharge  from  rectangular  orifices,  when  the  contraction 
is  suppressed  on  a  part  of  the  perimeter, 


=  in  S 


V   2.9  h( 


1  +  0-152 


) 


(5) 


(6) 


for  square  orifices. 
The  mean  of  the  experiments  on  circular  orifices  gives, 

Q  =  mS  ^/  2gB.U\  +  0128^) 

Interior  tubes  reduce  the  co-efficient  of  contraction  very  considerably  on 
account  of  the  effluent  particles  approaching  the  orifice  in  more  opposite 
directions  than  in  the  case  of  an  orifice  in  a  thin  plate ;  Borda  by  means  of 
an  interior  tube  so  arranged  that  the  effluent  water  in  no  way  touched  the 
sides  of  the  tube,  reduced  the  co-efficient  of  contraction  to  0-515. 

The  limits  of  the  co-efficient  of  contraction  for  orifices  of  all  kinds,  with 
or  without  ajutages  will  be,  1  and  0-50,  which  may  be  approached  very 
nearly  but  never  attained,  for  orifices  in  a  plane  side  they  seldom  descend 
below  0-60,  or  rise  above  0-70,  and  in  practice  they  are  usually  confined 
between  0'60  and  0-6-1 ;  as  a  mean  approximate  term  062  is  generally 
taken,  whence  we  have  for  a  circular  orifice,  whose  diameter 
Bented  bj  >'. 


is  repre- 


Q  =  0-02  S  *f  2  g  h 


390CG  d-  </  H 


(7) 


We  may  ascertain  the  real  velocity  of  discharge  under  any  head  by  mea- 
suring the  height  to  which  the  fluid  will  rise  vertically,  and  if  li  be  the 
height  to  which  it  rises,  the  velocity  at  the  orifice  will  be 

■s/^gh 

if  H  is  the  head  of  water  in  the  reservoir,  h  differs  from  H,  1,  2,  3,  &c, 
hundredths  of  the  square  of  its  value,  according  as  H  is  1,  2,  3,  &c,  and 
the  velocities  being  as  the  square  roots  of  the  heights,  the  actual  velocities 
will  differ  in  the  same  cases  only  1,  2,  3,  &c.  half  hundredths  of  the  theo- 
retical velocity. 

Another  method  of  determining  the  actual  velocity  indicates  still  less 
difference,  it  is  as  follows  : — 

A  NY     When  a  body  is  thrown  in  any   direction  A  Y 

-    ~  (Fig.  38)  with  a  certain  velocity,  by  the  combined 

influence  of  that  force  and  of  gravity  it  describes 

the  curve  A  M,  if  the  velocity  and  consequently  the 

pi \y  lvr  resistance  of  the  air  is  not  very  great,  that  curve 


X 


is  a  parabola.     If  v  is  the  velocity  with  which  the 

body  is  impelled  along  A  Y,  and  t  the  time  which 

Fig.  38.  would  be  occupied  in  reaching  N  if  no  other  force 

acted  upon  it,  the  motion  would  be  uniform,  and  we  should  have  AN=<  v. 

If,  on  the  other  hand,  the  force  of  gravity  had  acted  alone,  it  would  have 

descended  from  A  to  P,  and  we  should  have  had 

2 

Complete  the  parallelogram  A  P  MN  ;  at  the  end  of  the  same  time  it  wil 
arrive  at  M,  having  described  the  arc  AM,  A  P  =  x  will  be  its  abscissa, 
and  M  P  =  y  will  be  its  ordinate,  then 


and 


gp 


y  =  vt, 


taking  the  value  of  t  from  the  latter  equation  and  substituting  it  in  the 
first,  we  have, 

r  _  ay2 


,         2  v2  x 
y1  =  ' : 


or  calling  h  the  height  due  to  the  velocity  v,  and  remembering  that 
v*    =  h 

y  =  4  h  x 

an  equation  to  a  parabola,  of  which  4  h  is  the  parameter.  Hence  a  heavy 
body  impelled  by  any  force  of  projection,  describes  a  parabola  whose  para- 
meter is  four  times  the  height  due  to  the  velocity  of  projection. 

This  law  applies  to  jets  of  water  as  well  as  to  solid  bodies,  and  determining 
the  actual  velocity  by  this  method.  Bossut  found  the  ratio  of  the  actual 
to  the  theoretic  velocity  in  two  experiments  to  be  0-974,  and  0-980; 
Michellotti  found  it,  in  three  experiments,  to  be  0-993,  0-988,  and  0-983. 
The  difference  between  the  two  velocities  increases  with  the  head,  and  it 
should  be  so,  as  the  cause  of  this  difference,  the  resistance  of  the  air,  varies 
as  the  square  of  the  velocity,  and  consequently  nearly  as  the  head. 

If  the  water  contained  in  the  reservoir  instead  of  being  at  rest,  were 
moved  towards  the  orifice  with  a  velocity  w,  we  should  have 


Q  =  m  S  >\/  2  g  (  h   +  _^L\  =  m  S   *J  2  g  Ji 


(8) 


We  will  now  consider  the  flow  of  water  through  ajutages.  Cylindrical 
ajutages  give  a  greater  discharge  than  orifices  in  a  thin  side,  provided  the 
length  of  the  ajutage  exceeds  the  length  of  the  contracted  vein  ;  it  should 
be  two  or  three  times  the  diameter.  Under  these  circumstances  the  vein 
after  contraction,  expands  and  fills  the  passage  being  attracted  by  the  sides 
of  the  tube. 

The  diminution    of  the  actual  discharge  is  caused  by  diminution  of 
velocity,  and  the  mean  coefficient  is  0'82,  thus, 


Q  =  0-82  S  ^/  2  g  H  =  5-1668  d-  ^/  H 


(9) 


The  discharge  through  converging  conical  ajutages  is  greater  than  the  pre- 
ceding, although  a  contraction  takes  place  without  the  tube. 

The  angle  of  convergence  corresponding  to  the  greatest  discharge  is  frcm 
13°  to  14°. 
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The  co-efficient  of  discharge  which  corresponds  to  the  angle  13°,  is 
ahout  0-953. 

Conical  diverging  ajutages' give  the  greatest  discharge,  but  as  they  are 
but  little  used,  we  shall  pass  over  theiu,  although  they  present  some  in- 
teresting phenomena. 

FLOW   0E   WATEE  TJ3TJEE   VEEY   SMALL   HEADS. 

When  the  head  over  the  centre  of  the  orifice  is  very  small,  compared 
with  the  height  of  the  orifice,  the  mean  velocity  of  the  fluid  vein,  or  the 
velocity  by  which  the  area  of  the  orifice 
is  to  be  multiplied  to  give  the  discharge, 
is  not  that  of  the  centre  line  of  the  vein. 
Let  A  B  C  D  (Fig.  39,)  represent  a  vessel 
kept  full  of  water  ;  and  let  there  be  iu  the 
vertical  face  B  D,  a  series  of  very  small 
apertures,  of  which  D  is  the  lowest.  Let  H 
equal  the  height  B  D,  then  the  velocity  of 
the  particles  passing  out  at  D, 


=  v^H 


and  if  D  the  made  equal  to  that  quantity  it  will  represent  the  velocity. 
For  any  other  point  e,  whose  distance  below  the  level  of  the  reservoir  is 
B  e,  or  x,  the  line  ef  or  y  will  represent  the  velocity,  so  that 

y  =  -v/s.?* 

or 

y-  —  2g  *, 
which  is  the  equation  of  a  parabola  whose  parameter  is  29. 

Suppose  now  that  instead  of  a  number  of  small  openings  in  the  face  B  D 
there  had  been  a  rectangular  slit  whose  breadth  is  b,  it  is  evident  the  dis- 
charge will  be  equal  to  the  prism  having  b  for  its  length,  and  the  parabolic 
segment  Bfi  D  for  its  base. 

According  to  the  properties  of  the  parabola,  the  parabolic  segment  is 
equal  to  two  thirds  of  the  rectangle  B  g  i  D,  which  rectangle  is  equal  to 
H  x  b ;  the  discharge  through  the  rectangular  slit  will  therefore  be 


§  b  H  V  2  g  H 


(10) 


The  discharge  through  a  similar  slit  whose  height  is  D  e,  will  evidently 
be  equal  to  the  difference  between  the  discharges  when  the  heights  of  the 
slits  ure  H  and  B  e,  call  this  latter  h,  then  the  discharge, 


=  3  5  yTzg  (  H  VYr  -  h  V  h) 


01) 


these  equations  give  the  theoretic  discharge,  and  to  reduce  them  to  the 
actual  discharge  they  must  be  multiplied  by  the  co-efficient  of  contraction, 
which  in  this  case  varies  from  0-GO  to  0-70. 

Flow  of  Water  ovee  Weirs. 
Let  there  be  made  a  rectangular  opening  B  C  (Fig.  40)  at  the  top  of 
the  basin  A  1!  C  D,   the  basin   being  kept  con- 
a       e        B  a       stantly  full  of  water ;  this  opening  is  called  a 

The  surface  of  the  water  before  reaching  the 
weir,  and    starting  from  a  point  e,  is   inclined 
along   the  arc  c  d;  so  that  its  height  above  the 
~  sill  will  Tiot  be  B  e,  but  d  <■.      If  we  follow  this 
Fig.  40.  investigation  it  will   lead  to  the  conclusion    that 

discharge  would  '<e  the  same  as  in  the  case  of  a 
rectangular  orifice,  whose  upper  edge  ia  at  d,  the  water  level  being  con- 
tinued tt>  Ii  without  inflection  ;  it  is,  however,  morn  correct  to  consider  the 
discharge  as  proceeding  from  a  rectangular  orifice,  whose  height  is  equal 
to  /'•  Or  B  0;  hence  we  have  from  equation  10  (p) — 


Q  = 


'_> 


for  the  theoretic  discharge ;  or 

Q  =    -    /,  II  M 


B    ^/-'//H 


o-3481>«6  II  V  II 


(12) 


for  the  actual  discharge. 

We  have  hitherto  considered  the  water  to  be  at  r. -t  above  the  weir,  hut 
it  very  frequently  happens  that  it  arrives  at  the  weir  with  n  certain 
velocity.  Lei  u  represent  the  velocity  of  arrival;  0*0155  "  will  he  the 
height  due  to  that  velocity,  and  wc  ahall  have  for  the  real  Velocity  at  the 
exit — 


•/-»■« 


11  +  o-<u. -,.-,.-)»;  ,,- 


and  consequently, 

Q  =  o'USi  ;»{HVh  +  0-035  u- 


(13) 


In  some  experiments  upon  the  flow  over  weirs,  the  value  of  m  varied  from 
about  060  to  0-70. 

Motion  of  Water  r»  Canals. 

Gravity  is  the  sole  force  that  acts  upon  a  mass  of  water  left  to  itself  in 
a  bed  of  any  form ;  so  that  as  long  as  the  surface  of  the  water  is  horizontal 
no  motion  will  take  place ;  but  if  the  surface  is  at  all  inclined,  motion  will 
immediately  take  place.  Hence  the  principle  that  the  motion  of  particles 
in  a  watercourse  is  due  wholly  to  the  slope  at  the  surface,  and  it  is  this 
slope  which  enables  gravity  to  act. 

If  the  surface  of  the  water  in  a  canal  makes  an  angle  a  with  the  horizon, 
that  part  of  the  gravitating  force  which  causes  motion  will  be  represented 

by 

g  sin.  a 

which  will  be  the  velocity  acquired  in  one  second.  This  velocity  will  con- 
tinually increase  if  no  other  resistance  is  met  with ;  this,  however,  is  not 
the  case,  for  the  motion  becomes  uniform  after  a  very  short  time. 

We  will  now  consider  the  nature  of  the  resistance  which  produces  this 
phenomenon.  When  water  passes  over  the  surface  of  a  body,  there  being 
no  repulsion  between  the  two  substances,  it  wets  the  surface — that  is  to 
say,  a  thin  layer  of  water  is  attracted  and  retained,  the  particles  of  which 
again  attract  the  passing  particles  of  water,  retarding  their  motion  ;  and 
this  attraction  extends  to  the  centre  lines  of  particles,  but  continually 
decreasing  from  the  perimeter  to  the  centre.  This  constitutes  fluid  fric- 
tion, which  is  independent  of  the  pressure  of  the  water,  being  proportional 
to  the  wetted  surface,  and  also  to  a  quantity  depending  upon  the  velocity. 
The  friction  will  be  influenced  by  the  velocity  in  two  ways :  first,  the  force 
with  which  the  particles  are  attracted  will  be  as  the  velocity,  and  the 
number  attracted  will  also  be  as  the  velocity,  the  total  retardation  being 
as  the  square  of  the  velocity.  This  would  give  a  v-  for  the  retarding 
influence,  a  being  a  constant  to  be  found  by  experiment ;  but  practice  shows 
that  the  expression 

a'  (v-  +  b  v) 

will  be  a  nearer  approach  to  the  truth.  Besides  the  two  quantities  already 
named  as  regulating  the  retardation,  it  is  affected  by  a  third,  the  section 
area  of  the  stream,  to  which  it  is  inversely  proportional ;  therefore  the 
total  resistance 

=  -|   a  (o-  +  b  v) 

o 

in  which  c  represents  the  contour,  *  the  sectional  area,  and  a  b  are  con- 
stants. We  have  for  the  value  of  a  and  J,  from  very  extensive  observations 
of  Eytelwein  on  canals  and  rivers, 

a  =  00035855 
b  =  0-217785 

As  the  value  of  a  b  v  will  be  very  small,  it  may  be  omitted  in  praetice.'and 
the  resistance  considered  as 


To  find  the  velocity  wc  must  equate  the  accelerating  to  the  retarding 
forces;  the  accelerating  foroe  is  equal  to  the  sine  of  the  angle  of  inclina- 
tion multiplied  by  the  force  of  gravity;  the  retarding  force  is  flu- 
resistance  of  friction  ;  therefore  if 

h  =  height  of  IctcI  of  one  point  of  the  canal  above  any  other. 
I  -  distance  between  these  points. 
c  =  wetted  perimeter. 
»  =  sectional  area, 


X  g  =  a  x 


but, 


therefor,', 
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*  being  the  velocity  at  the  lower  point;  the  quantity  of  water  delivered 
jt  this  point  will  be 


Q  =  100  s 


V\ 


(14) 


Motion  or  Water  in  Pipes. 

We  here  consider  the  case  of  closed  pipes  such  as  are  used  for  conduct- 
ing water  from  one  place  to  another;  these  conduit  pipes  usually  run  lull 
under  the  pressure.  ,,    ,   .  i      „„,i  n,- 

The  motion  of  water  in  pipes  is  similar  to  that  in  canals,  and  the 

formula  (equation  14), 


Q  =  100  s 


a/W 


will  apply  to  the  discharge ;  but  for  pipes  running  full 
s  =  <P  x  -7854 


d  x  3-1416 

cP  x  -7854    = 
d  x  31416 


in  which  d  is  the  diameter, 


Q  =  38-27 


Vt  x 


which  is  the  discharge  in  cubic  feet  per  second:  although  we  have 
throughout  given  the  discharges  in  cubic  feet  per  second  we  shall,  in  this 
ease  furnish  the  value  of  the  discharge  per  minute ; 


Let  Q'  =  discharge  in  cubic  feet  per  minute. 


Q'  =  2356 


V\ 


(15) 


or  stating  it  in  logarithms, 

log.  Q'  =  JL  i  6-744  +  log.  h  +  5  log.  d  -  log  I  j 

These  formula?  do  not  take  the  resistance  of  bends  into  consideration  ; 
we  will  therefore  proceed  to  the  investigation  of  this  kind  of  resistance. 

Let  a  stream  of  water  be  proceeding  in  the  direction  A  B  (Fig.  41)  and  at 
the  point  B  let  there  be  a  sudden  change  in  the  direction  of  the  conduit;  then 
draw  A  D  at  right  angles  to  C  D,  the  direction  in 
which  the  stream  will  be  turned,  and  let  the  angle 
ABDbe  represented  by  a;  then  if  A  B  represent 
the  velocity  of  the  stream  when  it  arrives  at  B,  the 
velocity  in  the  direction  C  B  will  be 


B 
Fig.  41. 


v  cos.  a  =  B  D 


the  loss  will  evidently  be  represented  by  the   difference   between    the 
velocities  before  and  after  passing  the  point  B,  or  by 

AB-BD  =  t-«  cos.  a 


=  v(l 


cos.  a)  =  v  versm.  a 


Hence  the  loss  caused  by  a  sudden  bend,  is  that  represented  by  the  versine 
of  the  angle  made  by  the  two  directions. 

In  the  ease  of  a  circular  bend  the  loss  of  velocity  is  extremely  small,  as 
the  particles  running  close  to  the  sides  of  the  tubes  suffer  no  loss ; 
although  the  centre  lines  of  particles  will  be  reflected  from  side  to  side  of 
the  tube  all  round  the  curve.  From  experiments  on  the  resistance  of 
curved  bends,  Dubuat  concluded,  that  the  value  of  that  resistance  is  pro- 
portional to  the  square  of  the  velocity,  to  the  number  of  angles  of 
reflexion  and  to  the  squares  of  their  sines,  the  mean  co-efficient  0-00375. 
So  that  if  v  be  the  velocity,  n,  nx,  &c,  the  number  of  the  angles  of  the 
same  magnitude,  a,  a1  the  magnitudes  of  the  angles,  the  resistance  will  be 


=  O'O0375  v-  (n  sin.2  a  +  «l  sin.2  a'  + 


•) 


ERICSSON'S  "MONITOR." 
Most  of  our  readers  are  doubtless  aware  of  the  Monitor  having  been 
totally  lost  (the  details  of  the  loss  will  be  found  in  another  column).  The 
accompanying  illustrations,  figures  1  and  2,  represent  this  ill-fated  vessel  as 
designed  and  constructed  by  Capt.  Ericsson,  without  the  extra  plating  after- 
wards added.  Figure  1  being  a  side  elevational  view,  and  fig.  2  a  trans- 
verse section  to  an  enlarged  scale  through  centre  of  the  revolving  cupola. 


»r,  s"  being  the  sum  of  the  squares  of  all  the  sines,  and  D  the  diameter  of 
the  pipes 

=  0-006079    Qt  s- 

A  resistance,  and  consequently  a  reduction  of  velocity  and  discharge 
will  be  produced  by  sudden  enlargements  or  contractions  of  the  conduit ; 
however,  as  the  conduit  should  not  have  enlargements  or  contractions,  and 
m  the  formubu  for  the  resistance  opposed  by  them,  are  not  satisfactory  we 
shall  not  give  formula;  for  the  value  of  this  resistance. 


Fig.  2. 

We  will  not  here  enter  a  discussion  of  the  merits  of  the  rival  claims  of 
Capt.  Ericsson  and  Capt.  Coles  as  to  the  originality  in  the  invention  of 
this  class  of  vessels  and  the  cupola;  as  though,  doubtless,  Capt.  Coles  may 
possibly  deserve  some  credit  for  endeavouring  to  improve  upon  Ericsson, 
still  that  the  originality  of  design  of  the  Monitor  is  due  to  Ericsson,  we 
think  there  can  be  no  doubt  whatever. 

The  following  is  an  extract  of  a  communication  from  Capt.  Ericsson 
upon  the  subject  of  this  invention,  and  forwarded  to  the  Emperor  of  the 
French  in  September,  1854. 

"  New  System  of  Naval  Attack.- — The  vessel  to  be  composed  entirely  of 
iron.  The  midship  section  is  triangular,  with  a  broad,  hollow  keel,  loaded 
to  balance  the  heavy  upper  works.  The  ends  of  the  vessel  are  moderately 
sharp.  The  deck,  made  of  plate  iron,  is  curved  both  longitudinally  and 
transversely  with  a  spring  of  5  feet ;  it  is  made  to  project  8  feet  over  the 
rudder  and  propeller.  The  entire  deck  is  covered  with  a  lining  of  sheet 
iron,  3  inches  thick,  with  an  opening  in  the  centre  16ft.  diameter.  This 
opening  is  covered  by  a  semi-globular  turret  of  plate  iron,  6  inches  thick, 
revolving  on  a  column  and  pivot  by  means  of  steam  power  and  appro- 
priate gear  work.  The  vessel  is  propelled  by  a  powerful  steam  engine  and 
screw  propeller.  Air  for  the  combustion  in  the  boilers  and  for  ventilation 
within  the  vessel,  is  supplied  by  a  large  self-acting  centrifugal  blower,  the 
fresh  air  being  drawn  in  through  numerous  small  holes  in  the  turret.  The 
products  of  the  combustion  and  impure  air  from  the  vessel  are  forced  out 
through  conductors  leading  to  a  cluster  of  small  holes  in  the  deck  and 
turret.  Surrounding  objects  are  viewed  through  small  holes  at  appropriate 
places.  Reflecting  telescopes,  capable  of  being  protruded  or  withdrawn  at 
pleasure,  also  afford  a  distinct  view  of  surrounding  objects.  The  rudder 
stock  passes  through  a  water-tight  stuffing-box  so  as  to  admit  of  the  helm 
beng  worked  within  the  vessel.  Shot  striking  the  deck  are  deflected, 
whilst  shell  exploding  on  it  will  prove  harmless.  Shot  (of  cast  iron)  strik- 
ing the  globular  turret,  will  crumble  to  pieces  or  are  deflected.  This  new 
system  of  naval  attack  will  place  an  entire  fleet  of  sailing  ships,  during 
calms  and  light  winds,  at  the  mercy  of  a  single  craft.  '  Boarding,'  as  a 
means  of  defence,  will  be  impracticable,  since  the  turret  guns,  which  turn 
like  the  spokes  in  a  wheel,  commanding  every  point  of  the  compass  at 
once,  may  keep  off  and  destroy  any  number  of  boats  by  firing  slugs  and 
combustibles.  A  fleet  at  anchor  might  be  fired  and  put  in  a  sinking 
condition  before  enabled  to  get  under  weigh.  Of  what  avail  would 
be  the  '  steam  guard  ships '  if  .  attacked  on  the  new  system  ?  Alas 
for  the  '  wooden  walls '  that  formerly  'ruled  the  waves.'  The  long 
range  Lancaster  gun  would  scarely  hit  the  revolving  iron  turret 
once  in  six  hours,  and  then,  six  chances  to  one,  its  shot  or  shell 
would  be  deflected  by  the  varying  angles  of  the  face  of  the  impregnable 
globe.  When  ultimately  struck  at  right  angles,  the  globe,  which  weighs 
upwards  of  40  tons,  will  be  less  affected  by  the  shock  than  a  heavy  anvil 
by  the  blow  of  a  light  hammer ;  consequently,  the  shot  would  crumble  to 
pieces,  whilst  the  shell  would  strew  the  arched  deck  with  harmless  frag- 
ments. During  contest  the  revolving  turret  should  be  kept  in  motion,  the 
port-holes  being  turned  away  from  the  opponent  except  at  the  moment  of 
discharge,  which,  however,  should  be  made  during  full  rotation,  as  the 
.lateral  aim  in  close  quarters  requires  but  little  precision." 
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Indicator  out  of  order;  density  of  water  in  boiler-  1  \ ;  vacuum  in  paddle  engines,  25; 
vacuum  in  screw  engines,  25;  extreme  diameter  of  paddle  wheels,  50  ft.;  effective 
diameter 48ft.  =  15079 ft.  each  revolution;  pitch  of  screw,  41ft. ;  average  distance  run 
per  hour  1152  knots;  immersion  on  leaving  Xew  York,  25ft.  2in.  forward,  29ft.  llin. 
aft. ;  immersion  on  arrival  at  Liverpool,  21  ft.  3  in.  forward,  28  ft.  6  in.  aft. ;  slip  of  paddle 
wheels  20'4  per  cent. ;  slip  of  screw,  22'12  per  cent. ;  average  daily  consumption  of  coal 
bv  paddle  engines,  136"8  tons;  ditto  by  screw  engines,  158  tons;  total  daily  consumption, 
291-8  tons.  (Signed)  J.  RORISOX,  Chief  Engineer. 


INSTITUTION    OF    CIVIL    ENGIXEEKS. 


ON  THE   HOWNES  GILL  VIADUCT,  ON  THE   STOCKTON  AND 
DARLINGTON  RAILWAY'. 

Br  Me.  W.  CrDW okth,  M.  Inst.  C.E. 

This  viaduct  was  situated  near  to  the  Consett  Ironworks  of  the  Derwent 
Iron  Company,  in  the  north-western  part  of  the  county  of  Durham,  on 
what  was  formerly  the  Stanhope  and  Tyne  Railway,  an  undertaking  which 
came  into  the  hands  of  the  Stockton  and  Darlington  Railway  Company  in 
the  year  1844.  Hownes  Gill  was  a  dry  ravine  800ft.  in  width  and  160ft. 
in  depth,  and  originally  the  line  was  laid  out  with  gradients  corresponding 
with  the  natural  contour  of  the  ground,  that  on  the  west  side  being  1  in 
2\  and  that  on  the  east  side  1  in  3.  The  traffic  was  conveyed  over  these 
gradients  for  some  years  with  little  difficulty;  but  a  large  accession  of 
of  trade,  due  mainly  to  the  discovery  of  the  Cleveland  ironstone,  rendered 
greater  facilities  of  transit  imperative.  It  then  became  apparent,  that  the 
erection  of  a  high  level  viaduct  was  indispensable  ;  and  as  early  as  the 
year  1844,  the  Directors  of  the  Stockton  and  Darlington  Railway  Company 
took  steps  with  the  view  of  ascertaining  the  probable  cost  of  such  a  struc- 
ture. It  was  not,  however,  until  December,  1856,  that  a  contract  was 
entered  into  with  Mr.  John  Anderson,  to  erect  a  viaduct  of  firebrick  set  in 
hydraulic  mortar  and  the  arches  in  cement,  in  eighteen  months,  and  to 
uphold  it  for  twelve  months  after  completion,  for  the  sum  of  £14,614. 
The  design  was  prepared  by  Mr.  T.  Bouch  (M.  Inst.  C.E.),  and  was  subse- 
quently approved,  with  some  modifications,  by  the  late  Mr.  R.  Stephenson 
and  Mr.  G.  P.  Bidder. 

The  extreme  length  of  the  viaduct  was  730ft.,  and  its  greatest  height 
from  the  bottom  of  the  inverts  to  the  level  of  the  rails  162ft.  It  bad 
twelve  semi-circular  brick  arches,  each  50ft.  span,  14ft.  in  length,  and 
2ft.  6in.  in  thickness.  The  inverted  arches  in  the  foundations,  four  in 
number,  which  were  introduced,  at  the  suggestion  of  Mr.  Stephenson,  so 
as  to  extend  the  bases  of  the  three  central  piers  until  the  weight  scarcely 
exceeded  1  ton  per  superficial  foot,  had  a  versed  sine  of  lift.,  were  3Sft.  iii 
length,  and  3ft.  in  thickness.  The  extreme  height  of  the  five  loftiest 
piers,  measured  from  the  springing  of  the  inverts  to  the  springing  of  the 
arches,  ranged  from  114  to  110ft. ;  that  of  the  six  remaining  piers  dimi- 
nished rapidly  towards  each  end.  Their  length  was  14ft.  at  tho  top,  and 
38ft.  at  the  bottom,  the  latter  dimension  corresponding  with  that  of  the 
inverts.  The  piers,  to  within  15ft.  of  the  inverts,  were  Btayed  bv  but- 
tresses transversely  to  the  line  of  the  viaduct.  At  this  point  they  were 
only  17ft.  6in.  in  length,  but  below  this  level  the  buttresses  merged  into 
the  piers,  when  they  together  had  a  rectangular  section  88ft.  in  length. 
The  buttresses  were  Sffc.  thick  at  the  top,  and  5ft.  thick  at  the  bottom; 
their  projection  from  the  piers  being  increased  by  offsets  ot  interval?  of 
35ft.  The  piers,  although  light  in  their  proportions,  were  reduced  by  re- 
cesses, 7ft.  3in.  wide  and  averaging  3ft.  'Jin.  deep,  sunk  in  each  side,  n 
that  the  horizontal  section  of  each  pier  with  the  buttresses  w:is  in  the 
form  of  a  double  cross,  the  brickwork  in  the  middle  being  only  Sfti  t hick. 
These  recesses  were  not  continuous,  but  were  divided  into  three  compart - 
in.  nls  in  height,  and  by  their  adoption  the  amount  of  brickwork  in  each 
pier  Wim  reduced   about  11^    per  cut.      Between   the   spandril    walls,  two 

internal  parallel  walls  of  stone  were  introduced  to  sustain  a  platform 
of  fiaggingi  on  which  the  way  beams  and  the  ballast  were  carried.    The 

way  beams,  which  were  of  Miiml  timber,  were  at  lii'st  secured  to  the  in- 
ternal walls  by  bolts ;  but.  as  this  plan  »;is  found  to  be  objectionable,  tin- 
nuts    from    the   holding   down    bulls  were  removed,  and  a  thickness  ..!   t', 

inches  of  coke  ballast  was  interposed  between  the  »a\  beams  and  the 
flagging.  The  parapel  consisted  of  a  substantial  cist  iron  railing.  The 
flrebricKs,  which  were  of  excellent  quality,  weighed  91bs,  lln/.s.  each,  and 
cosl  the  contractor  at  the  viaduct  thirty-one  shillings  and  twopenea  per 
thousand.  The  number  used  was  2,655,000,  It  was  a  gratify  ing  fact  that 
the  work  was  completed  without  accident,  and  thai  not  a  single  orach  was 

to  be  found  in  the  whole  of  the  structure.     The  creel  ion  of  the  sen  Holding, 

which  was  of  a  verj  light   character,  was  ooutiderabh,  facilitated  by  tho 

hoisting  tackle  being  made  to  traverse  |  stmil  wire  rope  stretched  aCTOSJ 
the  gill,  and  lirmlv  fixed  at   each  tide,       When  the  a:ehes  were  about   to  lie 

turned,  the  plan  were  stayed  by  two  parallel  wire  ropes  stretched  from 
end  to  end  of  the  riaduct.  The  first  brick  was  laid  in  February,  iv>7, 
and  the  flral  train  nftssnd  otct  the  viaduct  in  July,  L858.    The  cost  of  the 

Structure  amounted  to  £15,756,    (he    contract    stun    having   been  increased 

bj  the  additional  depth  of  the  foundation-,  bj  the  adoption  of  a  heavier 
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parapet,  and  by  other  contingencies.  Regarding  the  viaduct  as  an  un- 
pierced  solid,  its  contents  would  amount  to  61,910  cubic  yards,  and  its 
cost  would  be  five  shillings  and  one  penny  per  cubic  yard. 

The  question  of  the  relative  cost  of  brick  and  iron  viaducts  was  then 
alluded  to,  reference  being  made  to  two  works  of  the  latter  description 
erected  by  Mr.  Bouch  on  the  South  Durham  and  Lancashire  railway. 
These  viaducts  consisted  of  three  lines  of  trellis  girders  resting  upon 
skeleton  piers,  formed  of  six  cast  iron  columns,  jointed  at  intervals  of 
15ft.,  and  braced  together  by  horizontal  cast  iron  stmts,  and  by  vertical 
and  horizontal  tie  bars  of  wrought  iron.  The  clear  spans  between  the 
piers  were  in  all  cases  48ft.  The  Beelah  viaduct  was  1000ft.  in  length, 
and  197ft.  in  extreme  height.  The  Deepdale  viaduct  more  nearly  resembled 
the  Hownes  Gill  in  its  proportions,  being  740ft.  length  and  160ft.  in 
extreme  height.  A  comparison  was  therefore  instituted  between  the 
probable  cost  of  such  an  iron  viaduct  erected  across  the  Hownes  Gill 
valley,  and  one  of  brickwork,  supposing  both  to  be  built  to  carry  a  double 
line  of  railway,  and  that  the  spread  of  the  foundations  was  in  each  case 
adjusted  to  sustain  a  weight  of  2j  tons  per  superficial  foot,  including  the 
greatest  moving  load.  The  prices  of  the  brickwork  and  of  the  masonry 
were  taken  from  Mr.  Anderson's  schedule ;  those  of  the  timber  and  iron- 
work were  the  prices  actually  paid  to  Messrs.  Gilkes,  Wilson,  and  Co.,  the 
contractors  for  the  South  Durham  and  Lancashire  viaducts,  minus  a  deduc- 
tion of  ten  shillings  per  ton  for  the  cost  of  cartage  over  country  roads. 
With  this  adjustment  it  was  found  that  the  cost  of  the  viaducts,  calculated 
in  this  way,  would  be  £20,681  for  the  brick  structure,  and  £16,249  for 
that  of  iron.  It  was  thought  probable  that  the  interest  on  the  difference 
between  these  two  amounts,  say  £222  per  annum,  would  be  absorbed  in 
the  periodical  examination  and  painting  of  the  iron,  and  the  depreciation 
of  the  perishable  timber  platform ;  and  that  at  the  place  referred  to  a 
brick  viaduct  would  be,  ultimately  at  least,  as  cheap  as  one  of  iron.  If 
the  viaducts  were  designed  to  carry  a  single  line  of  railway,  the  comparison 
would,  it  was  believed,  be  still  more  in  favour  of  brick.  Although  the 
author  preferred  brick  or  stone,  he  by  no  means  regarded  iron  as  ineligible 
under  all  circumstances.  In  situations  which  did  not  yield  suitable  build- 
ing materials,  and  where  there  were  no  cheap  means  of  conveyance  from 
a  distance,  the  small  relative  mass  of  an  iron  viaduct  would  be  a  strong 
argument  in  its  favour ;  for  the  whole  weight  of  such  a  structure,  includ- 
ing masonry  foundations,  would  be  less  than  one-fifth  that  of  brick.  This 
circumstance  would  also  conduce  to  the  selection  of  iron  in  cases  of 
doubtful  foundations. 


ON    SOME    OF    THE    INTERNAL    DISTURBING     FORCES     OF 

LOCOMOTIVE  ENGINES. 

By  Me.  A.  W.  Maeinson,  M.  Inst.  C.E. 

The  author  stated  that,  although  the  Permanent  Way  of  railways  had 
been  much  improved  of  late  years,  it  was  still  a  question  for  inquiry, 
which  was  proposed  to  be  undertaken  in  the  present  Paper,  whether, 
having  regard  to  the  safe  transit  of  passengers  at  the  high  speeds  now 
demanded  on  trunk  lines,  the  locomotive  engines  were  as  free  as  possible 
from  such  internal  disturbing  forces  as  had  a  tendency  to  cause  them  to 
leave  the  rails. 

In  elucidation  of  the  subject,  the  indicator  diagrams  taken  from  the 
cylinder  of  the  "  Great  Britain  "  locomotive  on  the  Great  Western  Railway 
in  1847-49-50  {vide  Clark's  Railway  Machinery)  at  the  velocities  of  26,  35, 
and  52  miles  per  hour  respectively,  were  selected  for  examination ;  and 
from  these  a  series  of  diagrams  was  constructed,  which  exhibited 
graphically  the  different  forces  acting  in  a  locomotive  when  in  motion, 
numerical  values  being  assigned  to  each  of  those  forces. 

The  disturbing  forces  were  divided  into  two  classes— first,  those  which 
were  generated  by  the  revolving  parts  of  the  engine,  as  the  crank,  crank- 
pin,  and  half  the  weight  of  the  connecting-rod;  and  secondly,  those  which 
were  generated  by  the  reciprocating  masses,  as  the  piston,  piston-rod, 
cross-head,  and  half  the  weight  of  the  connecting-rod,  &c.  As  it  was 
understood  that,  in  the  practice  of  the  first  locomotive  engine  makers,  the 
proper  counterbalance  for  the  revolving  appendages  was  now  always 
applied,  that  class  was  not  considered. 

The  nature  and  origin  of  the  second  class  of  forces  were  then  examined 
in  detail.  It  was  observed  that,  if  the  circular  path  of  the  crank-pin 
around  the  axle  was  divided  vertically  by  a  straight  line  through  its 
centre,  then  the  crank  arm  would  approximately  coincide  with  this  line, 
when  in  its  positions  both  of  greatest  and  of  least  velocity ;  and  while  the 
crank-pin  moved  through  180°,  from  its  position  of  the  greatest  to  that  of 
the  least  velocity,  the  reciprocating  appendages  developed  pressures  in 
favour  of  the  motion  of  the  train,  but  when  it  moved  from  the  position  of 
the  least  to  that  of  the  greatest  velocity,  these  appendages  offered 
resistances  to  the  motion  of  the  train.  Again,  it  was  shown  that,  in 
general  terms,  at  every  velocity  the  pressures  generated  by  the  vis  inertia 
of  the  reciprocating  parts  were  the  greatest  at  the  end  of  the  stroke,  and 
vanished  at  or  near  to  the  mid  stroke;  the  pressure  during  the  second  half 


of  the  forward  stroke  and  the  first  half  of  the  back  stroke  assisting  the 
motion  of  the  train,  and  during  the  second  half  of  the  back  stroke  and  the 
first  half  of  the  forward  stroke  opposing  the  motion  of  the  train. 

It  was  only  by  adding  the  pressure  thus  developed  by  vis  inertia  to  the 
simultaneous  steam  pressure,  that  the  total  efficient  tractive  power 
generated  at  any  moment  in  either  cylinder  could  be  arrived  at.  The 
variation  in  amount  of  the  tractive  power,  throughout  one  stroke  of  the 
piston,  was  thus  seen  to  be  much  greater  than  when  the  steam  pressures 
alone  were  considered.  By  adding  together  the  amounts  of  tractive 
power  simultaneously  developed  in  the  two  cylinders  of  the  ordinary 
engines,  with  cranks  at  right  angles  to  each  other,  the  total  tractive  force 
on  the  train  at  any  point  in  one  revolution  of  the  driving-wheel,  was 
arrived  at ;  and  the  diagrams  exhibited  showed  the  great  irregularity  in 
amount  of  the  total  tractive  force,  operating  to  produce  fore  and  aft 
motion  in  the  engine  and  train.  By  comparing  with  each  other  the 
amounts  of  tractive  force  developed  simultaneously  in  the  two  cylinders, 
the  tendency  to  sinuous  motion  in  the  two-cylinder  engine  was  shown, 
and  exhibited  graphically  in  one  of  the  diagrams. 

In  conclusion,  the  author  submitted  that  a  single  cylinder  engine  would 
be  free  from  all  sinuous  motion :  that  at  26  miles  an  hour  it  would  have 
about  the  same,  and  at  higher  speeds  far  less,  fore  and  aft  motion,  than  the 
ordinary  two-cylinder  engines;  that  by  supplying  the  driver  with  the 
means  of  applying  about  as  much  power  as  was  expended  in  putting  the 
breaks  on  hard,  a  single-cylinder  engine  would  have  equal  certainty  of 
starting  with  the  two-cylinder  engine  :  and  that  the  use  of  single-cylinder 
engines  for  passenger  traffic  would,  by  reducing  the  oscillation  of  the 
carriages,  render  railway  travelling  less  unpleasant,  and  reduce  the  cost  of 
locomotive  power,  and  the  expense  of  maintenance  of  way;  whilst  the 
dead  weight  of  the  engine,  and  the  wear  and  tear  of  the  several  parts, 
would  be  diminished. 

The  appendix  contained  mathematical  investigations  and  formula?  show- 
ing :  1st,  the  relation  between  the  pressure  on  the  piston,  as  observed  by 
the  indicator,  and  the  equivalent  pressure  at  the  crank-pin;  2nd,  the  dis- 
turbing force  generated  by  the  unbalanced  revolving  masses  ;  and  3rd;  the 
pressures,  referred  to  the  crank -pin,  generated  by  the  vis  inertia  and  vary- 
ing velocity  of  the  reciprocating  parts  of  a  locomotive  in  motion. 
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THE  PRESIDENT'S  ADDRESS. 

Gentlemen, — As  is  usual  at  the  opening  of  the  session,  I  shall  very 
briefly  address  to  you  a  few  remarks ;  and,  in  the  first  place,  I  would  simply 
refer  to  the  many  important  and  valuable  papers  that  were  read  last  session, 
and  the  discussions  which  followed  thereon.  The  whole  treated  upon  sub- 
jects of  the  most  useful  and  practical  description,  and  much  important  in- 
formation was  elicited  by  them,  the  volume  forming  one  of  the  most 
complete  we  have  yet  had  since  the  commencement  of  the  Institution. 
Some  of  the  subjects  were  in  continuation  of  papers  read  during  the  pre- 
vious session,  to  which  I  made  reference  when  I  formerly  addressed  you. 
As,  however,  the  papers  are  to  be  specially  considered  by  the  members  of 
the  Institution,  with  the  view  of  giving  an  expression  of  opinion  on  their 
merits,  I  will  refrain  from  entering  into  detail  upon  them.  I  may  here  re- 
mark that  I  regret  that  our  civil  engineers  should  contribute  so  few  papers 
to  the  Institution.  The  immense  variety  of  constructions  which  are  con- 
stantly going  forward  connected  with  railways,  harbours,  and  canals,  afc 
home  and  abroad,  furnish  an  ample  supply  of  subjects  for  description  and 
illustration  ;  and  I  trust  that  in  this  and  in  future  sessions,  these,  and  the 
various  points  connected  with  the  efficient  and  economical  working  and 
maintenance  of  such  undertakings,  may  be  brought  forward  more  frequently 
and  more  prominently  than  they  hitherto  have  been. 

I  purpose  on  the  present  occasion  to  give  a  short  outline  of,  and  make 
reference  to  some  engineering  works  that  have  come  under  my  observation 
since  last  I  had  the  pleasure  of  addressing  you,  and  put  you  in  possession 
of  some  details  conuected  therewith,  which  were  kindly  furnished  me  by 
the  engineer  in  charge  of  the  works.  The  first  of  these  I  shall  notice  is 
the  Charing  Cross  Bridge,  now  in  course  of  construction.  It  is  intended 
to  carry  the  South  Eastern  Railway  across  the  Thames  to  their  West-end 
terminus  at  Hungerford  Market,  and  is  to  occupy  the  site  of  the  present 
suspension  bridge,  which  no  doubt  most  of  you  have  seen  and  admired  as 
one  of  the  late  Mr.  Brunei's  early  works. 

The  Thames  at  this  particular  place  is  about  1340ft.  wide  and  was  crossed 
by  Mr.  Brunei  in  three  spans,  the  centre  opening  being  646ft.  This  foot 
bridge  is  now  being  removed  and  a  more  substantial  structure  substituted 
to  meet  the  requirements  of  the  railway. 

Mr.  Hawkshaw,  the  engineer  of  the  new  bridge,  divides  the  openings 
(on  the  Surrey  side)  of  Brunei's  bridge  into  spans  of  154ft.  each,  by  means 
of  cylinders  placed  in  pairs  at  three  intervals;  the  two  masonry  piers  of 
the  suspension  bridge,  each  34ft.  wide,  being  allowed  to  remain  to  form  a 
portion  of  the  new  structure.     Future  generations  may  be  somewhat  per- 
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plexed  to  account  for  these  "  breaks,"  and  naturally  say,  why  were  not 
cylinders  used  there  also  ?  This  simple  reflection,  however,  would  not  have 
justified  the  expense  of  their  removal ;  and,  at  all  events,  knowing  the  cir- 
cumstances, we  may  safely  exonerate  the  engineer  from  what  might  other- 
wise have  appeared  to  be  a  piece  of  engineering  eccentricity. 

The  principle  of  construction  of  the  main  girders  of  this  bridge,  though 
not  absolutely  new,  has  never,  that  I  am  aware  of,  been  applied  on  such  a 
large  scale.  I  believe  the  same  engineer  is  constructing  one  very  similar 
at  Londonderry,  combining  a  carriage  way  on  the  top,  which  will  shortly 
be  opened  for  traffic. 

I  am  aware  it  is  not  usual  in  an  address  of  this  kind  to  enter  minutely 
into  the  details  of  any  engineering  work,  however  important  ;  my  duty 
being  simply  in  a  general  way  to  notice  such  things,  and  express  a  hope 
that  papers  on  similar  works  might  come  before  the  Institution  in  the  usual 
and  more  convenient  way.  However,  as  we  cannot  always  get  English 
engineers  to  give  us  papers  on  their  works  when  we  wish  it,  I  am  tempted 
in  this  case  to  depart  from  the  usual  rule,  and  beg  the  attention  cf  the 
meeting  to  a  general  description  of  this  work. 

The  pair  of  cylinders  forming  the  intermediate  pier  arc  distant  from 
each  other  49ft.  and  are  somewhat  bottle-shaped  in  appearance.  The 
portion  of  each  sunk  below  the  bed  of  the  river  is  14ft.  in  diameter,  cast  in 
seven  segments  in  lengths  of  9ft.,  the  flanges  meeting  and  bolted  together 
inside.  The  portion  from  the  shoulder  to  the  bottom  of  the  main  girder  is 
10ft.  in  diameter,  cast  in  seven  segments  in  9ft.  lengths,  the  flanges  being 
also  bolted  inside,  the  thickness  of  the  metal  throughout  being  about  11  in. 
In  most  cases  these  cylinders  have  been  sunk  40ft.  into  the  bed  of  the 
river,  to  prevent  the  possibility  of  any  lateral  motion,  or  of  their  bottoms 
being  disturbed  by  any  subsequent  deepening  of  the  river. 

When  completed,  the  lower  portion  up  to  the  shoulder  is  filled  with 
concrete,  made  witli  cement.  Brickwork,  set  in  Lias  lime,  is  then  used,  the 
whole  being  surmounted  by  two  semicircular  blocks  of  granite  2ft.  6in. 
thick,  cut  to  fit  the  cylinders,  and  when  bedded  projecting  an  inch  or  two 
above  it,  so  as  to  keep  the  bottom  of  the  malleable  iron  girder  from  resting 
on  the  casting.  Both  cylinders  are  joined  together  at  the  top  by  a  cross 
girder,  so  as  to  guard  against  the  barest  possibility  of  any  swinging  taking 
place.     Each  cylinder  is  tested  to  the  extent  of  450  tons. 

As  already  stated,  these  cylinders  are  49ft.  apart,  and  as  the  main  girders 
rest  directly  upon  them,  it  follows  that  that  width  represents  the  distance 
from  centre  to  centre  of  each  girder,  and  affords  space  for  four  lines  of 
way.  These  main  girders  each  weigh  190  tons,  and  when  tested  to  400 
tons,  showed  a  deflection  of  liin. 

The  ends  of  the  girders  resting  on  the  cylinders  are  composed  of  plates 
formed  into  rigid  rectangular  columns  the  same  height  as  the  girder,  viz., 
14ft.,  5ft.  on  the  face  and  3ft.  broad.  The  boxes  or  troughs  forming  the 
top  and  bottom  of  the  girder  are  of  that  breadth,  and  ofcouise  spring 
from  those  ends.  The  upper  one  being  inverted,  its  bottom  forms  the  top 
of  the  girder,  and,  unlike  the  bottom  of  the  lower  trough,  projects  beyond 
the  sides  some  6in.,  and  being  in  compression  requires  more  metal  in  it ;  in 
the  middle  it  consists  of  six  plates — five  of  them  sin.  thick,  and  one  ',  ,'in. 
thick,  breaking  joint,  and  gradually  diminishing  towards  the  ends  to  two — 
one  {Jin.,  the  other  Sin.  thick.  The  bottom  of  the  lower  trough  is  flush 
with  the  sides,  and  has  live  Jin.  plates  in  the  centre  and  two  Jin.  plates  at 
the  ends.  The  staging  was  made  to  admit  of  the  simultaneous  construction 
of  these  troughs ;  they  are,  with  the  above  exception,  precisely  the  same, 
each  being  2ft.  deep  inside  and  3ft.  broad  ;  eacll  side  is  composed  of  two 
plates,  }in.  thick,  with  two  covering  plates  at  pin  holes,  each  lin.  thick  ; 
these  pin  holes  occur  at  intervals  of  1 1ft.,  ami  number  fifteen  in  each  span; 
four  of  tin'  diagonals  meet  inside  the  troughs  at  those  placet ;  and  two  webs 
of  the  same  thickness  as  the  sides  fastened  to  the  bottom  by  angle  irons  <>  / 
0/1,  give  additional  bearing  to  the  pins,  and  prevent  the  diagonals  from 
sliding  on  thrin.  The  diameters  of  the  pins  vary  with  the  .strain,  IromOin. 
at  tin-  ends  to  5J5n.  in  the  middle  of  the  girder. 

The  diagonals  at  the  ends  are  about  1  I  ft.  'Jin.  by  12in.,  and  Sin,  thick  ; 
in  the  middle,  the  breadth  and  thickness  arc  about  6in.  and  2in,  respec- 
tively. Those  in  compression  an-  forged  to  the  required  thickness,  and 
strongly  stiffened  ;  those  in  tension  are  made  up  of  two  or  three  pieces  of 

lin.  in  thickness,  n 'ding  to  -train,  like  the  links  ofa  suspension  bridge. 

The  cross  lattice  girders  earning  the  four  lines  ol  nay,  ami  projecting 
beyond  the  main  girders,  support  a  footway  7ft.  wide  on  either  side,  and 
impended  to  the  main  girders  by  four  -iron.'  angle  irons  immediately 
under  each  pin,  and  consequently  occurring  at  lift,  intervals.  There  is 
nothing  ver)  special  in  their  construction        i  totice.    The 

weight  of  each,  I  understand,  is  about  9  tons. 

The  bridge,  when  completed,  will  const  t  of  six  -puis  of  164ft.  each, 
and  three  in  tie-  Middlesex  side  ol   I  >;  and  tie-  bridge  is  to  be 

widened  on  tliii  aide  to  171ft.,    •  as  i"  admit  i  f  leven  lines  of  rail 
platforms  into  the  station.     The  radiating  these  three 

openings  remain  the  sume  in  appearance  as  th  .-.  of  the  reel  ol  the  b 
to  afford  a  continuous  sky  lin.';  tb  .  have,  however,  very  little  work  to 
do,  and  are   consequently    much    mon  '        ' 


on  cylinders  8ft.  in  diameter.  The  railway  is  no  longer  carried  on  cross 
girders,  longitudinal  ones  placed  on  cylinders  6ft.  diameter,  sunk  at  short 
intervals  between  the  8ft.  outside  ones  being  substituted.  These  girders 
are  single  web,  and  strongly  made,  their  depth  being  limited  to  5ft.  for 
100ft.  span,  to  afford  25ft.  headway  above  Trinity  high-water  mark,  and 
are  all  under  the  level  of  the  planking,  so  as  not  to  interfere  with  the 
points  and  crossings  of  the  lines  of  way  to  the  platforms.  The  depth  of 
the  Thames  at  the  site  of  the  bridge,  at  low-water  of  spring  tide  is  lift. 

Rise  of  tide  17ft.  6in. 

Level  of  rails  above  Trinity  high-water    31ft.  Oin. 

The  work  is  now  more  than  three  parts  finished,  and  is  perhaps  the  finest 
piece  of  work  of  the  kind  in  the  world.  It  is  difficult  to  asi  e.'tain  the  cost 
of  such  a  work.  I  believe,  however,  that  £26  a  ton  for  the  wrought,  and 
£16  10*.  a  ton  for  the  cast  iron,  will  not  be  far  from  the  mark ;  30s.  a 
foot  might  also  be  taken  as  a  pretty  near  approximation  for  sinking  the 
cylinders. 

I  shall  now  proceed  to  lay  be.bre  you  some  particulars  of  the  Middle 
Level  deluge — which  caused  so  much  excitement  in  the  early  part  of  this 
year — and  the  means  resorted  to  by  the  engineers  to  stop  it.  Unless  one 
has  travelled  in  those  districts  in  England  known  as  the  Fens,  and  forming 
large  patches  in  the  counties  of  Lincoln,  Norfolk,  Cambridge,  and  Hunt- 
ingdon, he  can  scarcely  realise  the  fact  that  thousands  of  families  live  and 
move,  and  quietly  follow  their  farming  operations,  on  a  level  only  some 
two  or  three  feet  above  low  water  mark.  Every  ploughman  becomes  an 
engineer  deeply  skilled  in  wattling,  puddling,  and  embanking ;  and  far- 
mers show  wonderful  skill  in  the  arrangement  of  their  drains,  which  cut 
up  and  interlace  their  farms,  until  the  water  reaches  the  main  drain  at  a 
convenient  place,  to  be  there  pumped  up  and  pounded,  until  the  ebbing  tide 
in  the  river,  often  many  mile?  distant,  allows  it  to  pass  to  the  sea.  The 
early  Dutch  engineers,  brought  over  by  James  I.  of  England,  divided 
those  immense  tracts  into  levels  or  confederations,  each  getting  peculiar 
privileges  granted  them  by  parliament,  with  power  to  levy  rates  on  the 
acreage  benefitted  by  their  main  drains  and  outfalls,  for  their  construction 
and  maintenance. 

The  Middle  Level  is  one  of  those,  consisting  of  140,000  acres,  extending 
nearly  to  Peterborough,  and  cut  from  off  the  sea-board  by  a  belt  of  interme- 
diate fens  eight  miles  wide,  under  separate  commissions,  each  maintaining, 
by  their  own  taxation,  independent  drains  and  outfalls.  The  only  thing 
common  to  all  is  the  river  Ouse,  into  which  they  all  in  that  quarter  drain, 
each  commission  subscribing  to  a  general  purse  for  the  maintenance  of  its 
banks.  This  river  rises  in  Bedfordshire,  pursues  a  north-easterly  and  very 
tortuous  course,  receiving  contributions  from  the  Cam  and  other  rivers  as 
it  passes  through  Cambridgeshire,  and  reaches  the  sea  through  the  Norfolk 
estuary,  a  few  miles  below  Lynn. 

It  is  tidal  for  many  miles  into  the  interior,  which  during  floods  hinders 
the  free  passage  of  the  water  to  the  sea,  and  often  prevents  the  gates  of  the 
inland  main  drains  being  opened  for  several  days  together. 

The  original  outfall  of  the  Middle  Level  waters  into  this  river  was,  on 
account  of  the  intermediate  fens  already  mentioned,  placed  some  fifteen 
miles  from  the  sea,  and  was  particularly  subject  to  irregularity  of  action. 
The  commissioners  consulted  the  late  Mr.  James  Walker,  an  engineer  who 
was  eminent  for  his  skill  in  hydraulic,  works.  (Since  the  preparation  of 
the  present  remarks  the  rather  sudden  death  of  Mr.  James  Walker  has 
been  announced.  This  event  must  be  deeply  regretted  by  the  entire  pro- 
fessiou  on  account  of  Mr.  Walker's  very  high  standing  as  a  civil  engineer  ; 
but  it  must  be  the  more  felt  amongst  us  on  account  of  his  long  connection 
with  this  locality,  and  from  his  being  an  honorary  member  of  tlii^  Institu- 
tion.) Mr.  Walker  advised  the  entire  removal  of  the  outfall  sluice  nine 
miles  further  down  the  river,  and  that  parliamentary  powers  should  be 
■Ought  to  make  a  main  drain  across  the  intermediate  fens  to  it.  This 
accordingly  done,  and,  after  encountering  a  severe  parliamentary  contest, 
the  act  was  obtained. 

The  sluice  consisted  of  three  20ft.  openings,  the  Bills  being  6ft.  below  low 
water  of  spring  tide ;  strong  pointed  gates  opening  outwards  prevented  the 
ingress  "i  tin  bide  bo  soon  as  the  level  of  the  water  in  t he  river  exceeded 
tii.i'  iii  the  drain.    The  drain,  which  is  perfectly  straight,  is  on  an  average 

l.ii'l'l.  wide  ;   and  its  bottom,  for  the  eight   miles  across  this  district,  18  7tt. 

below  low  water.  The  level  of  the  adjoining  lauds  being  only  3ft.  Sin. 
above  low -water  for  u  length  of  six  miles  out  of  the  eight ,  rcalrj  gave  good 
grounds  for  objecting  to  such  b  dangerous  element  being  carrii  d  i  ul  on 

le  through  their  very  midst.       lint    what    I  lu-v  most    dreaded    was 

an  accumulation  of  upland  or  fresh  water  in  the  drain  during  tl Is.  more 

than  could  be  discharged  in  the  interval  of  low  water,  the  pressure  of 
which  on  banks,  however  carefully  constructed  joriginally,  might,  by  negli- 
gence in  main!'  I  come  unfit  to  meet  all  i  On  that 
ground  they  opposed  the  bill,  and  obtained  protect  ive  clauses  j  but    it 

•  ■in  to  have  occurred  to  them  thai  any  failure  could  ever  take  pi 
In  the  out  fall  sluice,  and  it  will  be  for  the  courts  of  law  to  decide  whether 

an)   <  rapt  i 
batever  for  the  dam  ige  dont    bj   t  be    ea.    Thi 
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two  reasons— first,  to  point  out  that  the  land  inundated  was  not  the  Middle 
Level  at  all,  but  the  intermediate  districts;  and  secondly,  to_  be  excused 
from  giving,  directly  or  otherwise,  any  opinion  as  to  the  sufficiency  or  in- 
sufficiency of  the  works  which  for  eighteen  years  stood  well,  and  almost 
convinced  the  most  timid  opponents  that  their  former  fears  were  ground- 
less. Everybody  admitted  the  drain  and  outfall  sluices,  from  their  mag- 
nitude and  apparent  efficiency,  taken  as  a  whole,  to  be  a  masterly  piece  of 
engineering. 

To  the  Middle  Level  the  boon  was  incalculable,  and  far  more  than 
realised  the  most  sanguine  expectations  of  its  immense  population. 
Pumping  engines  in  many  districts  were  abandoned,  and  land  which  was 
worthless  during  the  old  state  of  drainage  soon  brought  upwards  of  £50 
an  acre. 

On  the  4th  May,  this  year,  Mr.  Walker's  grand  sluice,  without  much 
previous  sympton  of  decay,  fell  in  pieces,  as  if  rent  by  an  earthquake ; 
and  the  tidal  waters  of  the  Ouse  rushed  with  indescribable  fury  up  to  the 
drain,  until  at  the  end  of  the  eight  miles  they  were  checked  by  the  bar- 
rier sluice  on  the  frontier  of  the  Middle  Level  district.  The  drain  for 
this  distance  became  a  sort  of  creek  ;  and  had  its  bank  been  strong  enough 
to  have  resisted  until  a  dam  could  have  been  made  across  the  mouth,  no 
inundation  to  the  adjoining  country  would  have  taken  place.  This  state 
of  things  lasted  for  a  week,  several  minor  breaches  in  the  banks  being 
successfully  stopped  at  every  tide,  until  at  last  the  west  bank  gave  way  at 
a  point  situate  four  miles  up,  and  a  tide  14ft.  higher  than  the  land 
rushed  over  the  devoted  country,  then  beaming  with  most  luxuriant 
crops.  The  land  being  all  of  the  same  level,  was  not  for  a  few  tides 
covered  to  any  depth,  consequently  the  farmers  were  able  to  escape  with 
their  lives  and  also  to  secure  their  cattle.  All  attempts  to  stop  the  breach 
were  perfectly  futile,  owing  to  the  rush  of  water  back  to  the  drain  again 
during  low  water.  This  altered  state  of  things  had  also  a  wonderful 
effect  on  the  dam  the  farmers  were  trying  to  put  across  the  mouth. 
The  twenty-four  barges,  varying  in  size  from  30  to  80  tons  each,  which 
had  been  loaded  and  sunk  in  the  yawning  chasm  to  form  a  basin  for  some 
thousand  sacks  of  clay  to  be  built  on  at  low  water,  were  speedily  sepa- 
rated and  turned  over  ;  and  nothing  that  could  be  sunk  or  thrown  into 
the  torrent  would  for  a  moment  remain. 

By  the  late  Mr.  Walker's  recommendation,  Mr.  Hawkshaw  visited  the 
scene  of  disaster  to  see  what  could  be  done  ;  and  he  at  once  gave  orders 
to  give  up  all  attempts  to  stop  the  breach  in  the  bank  of  the  drain,  which 
by  this  time  was  about  100  yards  wide,  because,  if  successful,  the  chances 
were  that  the  opposite  bank  would  give  way,  and  do  still  greater  damage 
to  the  lands  on  the  other  side.  He  also  abandoned  the  idea  of  construct- 
ing the  dam  at  the  mouth,  most  of  which  had  now  been  carried  to  sea,  as, 
in  addition  to  the  sacks  of  clay  and  other  make-shift  material  which  were 
being  thrown  in,  he  wished  to  drive  a  few  piles  ;  so,  taking  advantage  of 
a  timber  bridge  of  three  openings  across  the  drain  near  the  mouth,  he  had 
all  the  pile  engines  that  could  be  found  in  the  neighbourhood  placed  on 
it,  and  set  to  work ;  nothing  was  to  be  put  in  until  the  piles  were  driven 
on  either  side  of  the  bridge,  and  strongly  braced  together ;  the  planking 
was  then  to  be  taken  up,  and  the  prepared  material  dashed  in.  Matters 
were  so  arranged  that  much  progress  was  made  in  the  course  of  two  days 
with  the  driving  of  the  piles  ;  but  during  the  progress  of  this  work,  up 
turns  one  of  the  huge  80-ton  barges  (which  was  supposed  to  have  followed 
its  companions  out  to  sea),  and  dashing  against  the  row  of  newly-driven 
piles,  snapped  them  right  through,  and  carried  away  the  entire  bridge  as 
well  as  the  piling  engines  and  necessary  appliances — the  men  only  escap- 
ing with  their  lives.  Two  other  occupation  bridges  shared  a  similar  fate, 
but  a  bridge  carrying  a  turnpike  road  resisted  sufficiently  to  afford  time 
to  secure  it.  This  was  a  most  unfortunate  accident,  as  great  difficulty  was 
experienced  in  getting  a  supply  of  pile  engines  in  the  neighbourhood. 

Now  was  the  time  for  the  Dutch  engineer,  who,  with  Mr.  Hawkshaw's 
consent,  had  been  set  down  to  try  what  could  be  doue  by  sinking  cradles, 
for  such  was  the  excitement  generally  throughout  the  country,  and  the 
imminent  peril  of  the  surrounding  district,  that  Mr.  Hawkshaw,  seeing  the 
time  which  must  necessarily  elapse  before  the  destroyed  land  could  be 
replaced,  and  a  dam,  such  as  he  deemed  necessary  could  be  constructed, 
felt  he  would  not  be  justified  in  offering  any  opposition;  but,  on  the  con- 
trary, he  heartily  supported  him.  In  the  meantime,  a  few  tidal  and  other 
observations  established  some  facts  that  set  all  minds  at  ease,  and  went  a 
great  way  in  discountenancing  the  Dutch  mode  of  procedure.  First,  the 
land  inundated  extended  six  miles  along  the  west  side  of  the  drain,  and 
was  two  miles  broad  at  the  widest  place.  On  an  average  the  water  was 
5  feet  deep  over  all,  being  luckily  confined  to  that  area  and  depth  by  the 
existence  of  two  roads  which  stood  about  1ft.  6in.  above  that  level,  and 
surrounded  it  lor  many  miles  ;  and  second,  the  tidal  observations  showed 
that  the  tide  affected  the  level  of  the  vast  lake  to  an  extent  of  only  6in. ; 
so  long,  therefore,  as  the  level  of  the  roads  held  good,  no  further  damage 
could  arise  by  the  free  admission  of  the  tide.  The  Dutchman,  failing  in 
the  first  attempt,  was  preparing  a  second  cradle,  when  it  became  a  very 
serious  question  whether  he  would  not,  by  pounding  up  a  certain  quantity 


of  water  every  successive  layer  of  cradles  he  sunk  (for  to  stop  it  in  a  few- 
tides  was  not  to  be  hoped  for)  gradually,  but  undoubtedly,  raise  the  level 
of  the  water  from  9ft.,  at  which  it  stood  until,  in  the  course  of  time,  it 
would  approach  the  height  of  18ft.,  which  was  the  mark  the  same  tide 
made  at  the  dam.  Where  then  would  be  the  1ft.  6in.  we  had  to  come 
and  go  on  ?     His  operation  was,  therefore,  after  due  deliberation,  stopped. 

The  difference  of  level  of  the  water  in  the  fen  from  that  in  the  Ouse 
arose  from  the  tidal  current  having  to  pass  four  miles  through  the  drain 
before  entering  the  inundated  land ;  and  from  the  extent  of  area  inundated 
being  no  less  than  twelve  square  miles,  it  only  affected  the  height  of  the 
water  in  the  fen  to  the  extent  of  6in.,  as  afterwards  explained. 

Before  giving  a  description  of  Mr.  Hawkshaw's  dam,  I  may  state  some 
of  the  difficulties  he  had  to  contend  with — Firstly,  The  high  water  in  the 
inundated  fen,  as  compared  to  the  same  water  in  the  Ouse,  was  as  9ft.  to 
18ft.,  and  the  tide  rose  and  fell  in  the  fen  6in.  Nothing  approaching 
low  water  in  the  river  could  ever  therefore  be  obtained  in  the  drain. 
The  only  interval  of  repose,  or  what  might  be  called  slack  water,  was 
when  the  tide  outside  attained  the  height  of  8ft.  6in.  or  level  of  the  low 
water  in  the  fen.  Ten  minutes  time  was  sufficient  to  send  a  gentle  current 
inwards,  which  increased  in  velocity  every  minute  afterwards  until  high, 
water  ;  but  the  high  water  in  the  river  being  9ft.  higher  than  in  the  fen, 
no  still  water  was  again  obtained  until  the  tide  had  receeded  in  the  river  to 
that  level  ;  it  then  rushed  out  like  a  mill  stream  until  the  tide  rose  to. 
8ft.  Gin.  again.  Secondly,  The  bed  of  the  drain  being  7ft.  below  low 
water  mark,  it  followed  that,  at  the  time  of  slack  water,  when  any  work 
could  be  done  at  all,  the  depth  of  water  in  the  drain  was  15ft.  6in. ;  this 
was  increased  some  2ft.  more,  notwithstanding  all  efforts  to  maintain  the 
bottom.  The  drain  a  short  distance  inside  the  site  of  the  dam  was  ulti- 
mately deepened  to  17ft.  for  a  distance  of  20  chains.  Great  caution  was, 
therefore,  necessary  in  any  attempt  to  contract  the  sectional  area. 

The  first  thing  to  be  done  was  to  construct  across  the  drain  a  strong 
stage  30ft.  wide,  resting  on  screw  timber  piling,  which  was  projected  into 
the  current — the  capstans  on  the  piles  being  turned  by  ropes  from  the 
shore.  Close  piling  on  each  side  of  this  staging  was  then  commenced, 
and  continued  from  each  shore  until  a  clear  space  of  90ft.  in  the  centre 
remained,  it  being  considered  imprudent  to  carry  it  further.  This  space 
was  divided  into  twelve  openings,  by  driving  twin  piles  on  each  side  of 
the  stage  opposite  to  each  othtr,  at  7ft.  6in.  intervals.  Great  care  was 
necessary  in  pitching  those  piles,  and  it  could  only  be  done  during  the 
short  time  of  slack  water.  Each  pile  was  14in.  square,  and  separated 
from  its  fellow  by  the  first  one  having  a  thin  piece  fixed  to  its  outer  face, 
against  which  the  second  was  driven,  thus  forming  two  grooves,  8£in. 
wide,  for  the  panels,  which  were  intended  to  be  dropped  into  the  openings, 
to  slide  in.  Strong  waling  pieces  of  whole  timber  inside  and  out  of  each 
row  at  top,  and  as  low  as  the  water  would  admit  of  at  the  bottom,  kept 
the  whole  in  gauge,  and  the  transverse  timbers  and  iron  bracings  com- 
municated any  outward  pressure  through  the  dam  from  one  row  to  the 
other,  the  outside  of  the  dam  being  staid  to  the  side  of  the  drain  by  double 
timbers,  60ft.  long,  the  ends  abutting  against  piles  backed  by  a  mass  of 
concrete.  These  struts  were  placed  against  the  waling  pieces  at  top  and 
bottom,  and  stiffened  by  cross  diagonals  like  a  girder.  The  staging  was 
left  open  at  the  top,  to  admit  of  material  being  tipped  from  the  two  lines 
of  way,  laid  across  the  dam,  and  communicating  with  the  prepared  heaps 
of  puddle  and  other  material  at  convenient  places  up  and  down  the  drain 
on  both  sides.  Two  outside  stages,  one  on  either  side  of  the  dam,  and 
supported  by  cantilevers  from  the  twin  piles,  admitted  of  almost  any 
quantity  of  tipping  from  barrows,  to  make  good  any  scour  which  the 
soundings  taken  at  every  slack  might  indicate.  The  rush  of  water 
through  the  dam  thus  far  completed,  was,  both  on  the  flood  and  ebb  tide 
truly  alarming;  the  simple  introduction  of  those  piles  and  bottom 
walings  causing  a  difference  of  head  level  of  nearly  5  feet.  In  the  midst 
of  this  roaring  cataract,  this  framework  and  the  dam  stood  without  the 
slightest  vibration  being  felt.  It  was  daily  visited  by  thousands  who, 
though  reserving  to  themselves  the  right  of  grumbling  at  what  they  did 
not  understand,  could  not  but  admit  it  to  be  the  only  way  of  meeting  the 
difficulty. 

The  greatest  and  most  anxious  care  was  now  necessary  to  preserve  the 
bottom  of  the  drain  from  the  scouring  action  of  such  a  weight  of  water 
passing  over  it  at  the  rate  of  10ft.  a  second.  Tons  of  broken  stone  were 
tipped  from  the  outer  stages  and  thrown  overboard  from  barges,  to  form 
aprons  on  either  side.  But,  except  as  a  last  resource,  no  stone  was  to  be 
thrown  into  the  centre  of  the  dam,  lest  it  should  prevent  it  afterwards 
from  being  made  perfectly  water-tight.  The  long  panels  composed  of 
timber  8in.  thick,  not  framed,  but  merely  built  one  above  the  other,  and 
held  together  by  three  long  bolts  and  heavy  iron  straps,  made  them  quite 
rigid,  and  no  difficulty  was  experienced  in  driving  them.  They  were 
made  with  a  sharp  edge,  and  dollied  down  until  their  top  was  level  with 
the  bottom  of  the  drain,  or  nearly  so,  and  backed  well  outside  with  stone. 
Great  quantities  of  puddle  were  tipped  into  the  dam  at  every  slack  water; 
not  with  any  hope  of  its  remaining,  but  simply  to  feed  the  cancer — if  I 
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may  so  express  it — and  thereby  allow  less  time  for  the  dreadful  current  to 
act  on  the  bottom.  This  was  all  the  more  necessary,  for  the  piles  on  an 
average  could  only  be  driven  14ft.  into  the  ground.  All  attempts  to 
exceed  that  depth  resulted  in  fracture.  No  doubt  a  bed  of  gravel  existed 
at  that  depth,  totally  different  in  character  from  the  coarse  silt  and 
alluvial  deposit  resting  on  it,  and  now  so  anxiously  maintained. 

The  first  attempt  at  closing  the  dam  resulted  in  failure  from  the  fracture 
of  two  of  the  twin  or  guage  piles,  which  doubtless  were  injured  in  the 
vain  attempt  to  get  them  deeper  into  the  bottom.  No  blowing,  however, 
occurred,  and  the  panels  when  liberated  were  carried  off.  The  greatest 
apprehension  existed  until  the  return  of  slack  water,  when  the  divers 
reported  no  damage,  the  lower  panel,  driven  into  the  ground,  prevented 
any  cutting  of  the  bottom.  In  consequence  of  the  failure  all  the  other 
panels  down  to  low  water  were  drawn,  to  allow  free  access  to  the  tide, 
until  the  piles  could  be  replaced.  This  was  accordingly  done,  and  a  week 
elapsed  in  making  good  the  damage  and  otherwise  preparing  to  meet 
other  contingencies,  of  which  experience  was  daily  pointing  out  the 
possibility.  All  was  now  ready ;  the  panels  were  again  swung  in  the 
gallows  frames,  ready  to  be  dropped  at  slack  water  on  the  ebb.  They 
were  all  lowered  into  their  places  in  twenty  minutes,  material  was  then 
tipped  in  with  great  rapidity  by  the  waggons,  and  the  outsides  weighted 
from  the  barrow  stages.  All  was  most  successful ;  a  little  blowing  took 
place  where  the  stumps  of  the  fractured  piles  interfered  with  the  proper 
fitting  of  the  panels  in  those  places.  However,  by  throwing  a  great 
quantity  of  hay,  and  piling  a  great  quantity  of  clay  bags  on  each  side,  it 
was  checked  until  sufficient  puddle  was  tipped  into  the  centre.  This  was 
accomplished  in  twenty-four  hours,  and  set  so  completely  that  not  a  drop 
escaped  through.  The  tides  no  more  went  up  the  drain,  but  ebbed  and 
flowed  outside  with  a  stillness  which,  when  compared  with  the  previous 
day,  partook  of  that  oppressive  character  experienced  near  a  mill,  or  in  the 
midst  of  going  machinery,  suddenly  stopped.  Syphons  3ft.  6in.  in  diameter 
were  then  placed  over  the  dam  to  relieve  the  Middle  Level  from  the  surplus 
water  that  would  not  find  its  way  to  the  Ouse  through  the  old  outfall,  which 
for  the  present  was  again  resorted  to.  Many  thought  they  would  not  act. 
No  good  reason,  however,  could  be  urged  against  them,  and  all  admitted 
that  it  was  proper  to  make  the  experiment.  These  syphons  have  been 
finished  and  recently  opened,  and  all  found  to  do  their  work  very  well 
indeed.  Their  bottom  level  where  they  pass  over  the  dam  is  18ft.  above 
low  water,  and  the  bottom  of  the  mouths  6ft.  under  low  water.  In  spring 
tides,  high  water  rises  20ft.  These  operations  have  succeeded  in  relieving 
the  Middle  Level  of  water,  and  it  will  be  a  great  boon  to  the  whole  of  that 
district. 

I  trust  that,  while  some  of  the  members  may  consider  the  description 
and  details  of  these  important  works  uninteresting,  others  will  be  benefitted 
by  them,  and  be  led  thereby  to  see  the  necessity  of  perseverance,  so  as  to 
overcome  unforseen  difficulties  that  may  be  expected  to  arise  during  the 
progress  of  such  works. 

I  have  already  referred  to  the  desirability  of  more  papers  on  civil 
engineering  being  brought  before  the  Institution.  It  may  be  that  the 
members  who  carry  out  the  works  which  would  form  the  snbject  of  such 
papers,  have  not  time  for  their  preparation.  Hut  the  younger  members 
may  take  up  any  great  work  either  in  progress,  or  which  has  been  com- 
pleted, but  not  yet  publicly  described;  and  in  doing  so  they  need  not 
limit  themselves  to  works  in  this  country.  The  rapid  extension  of  railways 
on  the  Continent  and  in  India  is  constantly  giving  rise  to  the  necessity  of 
('instructing  works  of  great  magnitude;  there  are  mountain  ridges  to  be 
cut  through,  and  ravines  and  rivers  to  be  crossed  of  much  greater  magni- 
tude than  anything  with  us.  In  executing  such  works,  the  engineers  in 
charge  of  them  have  the  benefit  of  our  experience.  Few  of  us  have  an 
opportunity  of  inspecting  these  works  in  detail,  either  when  in  progress 
or  by  going  over  their  plans.  Bnt  1  have  no  doubt  that  some  of  our 
members  have  the  means  of  giving  a  professional  account  of  many  of  these 
works,  which,  if  brought  before  this  Institution,  would  be  most  instructive 
and  interesting.  For  instance,  there  are  the  Victoria  Bridge  u(  Montreal, 
the  various  railway  bridges  over  the  Rhine  at  Cologne,  Mayence,  and 
Btrashurg,  as  well  as  others  of  similar  construction  across  Indian  rivers — 
all  works  of  great  difficulty  and  magnitude,  and  involving  many  novelties 
in  construction  which  would  each  furnish  a  valuable  subject  for  a  paper. 
All  these  works  are  of  wrought-iron,  with  arches  of  great  span  across 
wide  and  navigable  rivers  subject  to  great  variations  of  level ;  and  both  in 
the  general  design  and  construction,  they  offer  important  lessons  to  the 
engineer.  The  Victoria  bridge  is  a  tubular  one,  and  all  the  others  arc 
lattice  bridges.  Should  the  details  of  such  works  be  brought  before  us,  I 
would  suggest  that  a  careful  comparison  of  the  advantages,  the  difficulties, 
and  the  cost  of  the  two  systems  of  construction  should  be  made,  which 
I  have  little  doubt  would  show  that  the  lattice  bridge  is  by  far  the  better 
and  the  cheaper  of  the  two.  In  these  lattice  bridges  over  the  lihine  we  have 
examples  of  the  largest  description  of  swing  bridges  yet  construct  ed  ;  ami 
altogether,  for  elegance  of  design,  excellence  of  workmanship,  and  economy 
in  cost,  I  believe  them  to  be  unrivalled  among  recent   railway  structure-. 


Those  at  Strasburg  and  Cologne  are  completed,  and  the  one  at  Mayeuce 
is  now  in  progress.  The  first  consists  of  three  central  arches,  each  184  ft. 
span,  and  of  two  side  swinging  arches  85  ft.  span.  The  central  piers  are 
finished  with  handsome  and  effective  Gothic  spires,  and  the  general  appear- 
ance of  the  whole  is  most  satisfactory.  Its  total  cost  was  about  £280,000. 
The  bridge  at  Cologne  is  much  larger,  and  embraces  a  railway  and  roadway 
alongside  of  each  other,  the  cost  being,  I  believe,  somewhere  about  £500,000. 

In  carrying  out  the  Swiss  system  of  railways,  ample  opportunity  has 
been  afforded  for  the  exercise  of  great  engineering  skill  and  ingenuity,  of 
which  full  advantage  has  been  taken.  These  must  strike  the  eye  of  the 
professional  tourist,  even  during  the  hasty  run  which  is  now  taken  by 
many  among  the  Alps  in  summer  ;  and  there  are  two  lines  now  in  progress, 
which,  when  completed,  will  present  works  of  a  much  more  striking 
character  than  anything  now  in  operation  :  these  are  the  lines  from  Geneva 
to  Turin  by  Mont  Cenis,  and  from  Martigny  to  Milan  by  the  Simplon 
Pass.  The  first  is  now  certain  to  be  carried  out,  and  its  great  and 
important  feature  will  be  the  tunnel  through  Mont  Cenis,  which  will  be 
about  eight  miles  long,  and  above  6000  ft.  beneath  the  crest  of  the  moun- 
tain. Of  course,  at  such  a  depth  intermediate  shafts  cannot  be  resorted  to, 
so  that  the  whole  excavation  must  be  carried  on  from  either  end.  This 
very  greatly  increases  the  difficulties  of  the  work;  and  these  difficulties, 
coupled  with  the  constructive  skill  necessary  to  be  displayed  in  overcoming 
them,  are  such  that  the  completion  of  the  tunnel  will  be  regarded  as  an 
epoch  in  rock  excavation.  The  cost  will  be  somewhat  enormous,  and  would 
have  been  insurmountable,  had  it  not  been  for  the  assistance  given  by  the 
French  and  Italian  governments. 

The  other  line  over  the  Simplon  will  have  a  higher  summit  level  than 
that  across  Mont  Cenis.  Many  points  connected  with  its  construction 
have  not  yet  been  determined,  such  as  the  level  and  length  of  tunnelling  at 
the  summit.  When  completed,  it  must  embrace  many  works  of  striking 
magnitude  and  novelty,  which  will  completely  eclipse  those  of  Napoleon's 
famous  road,  so  long  the  admiration  of  Europe. 

These  railways  will  be  of  immense  value  to  the  countries  they  connect, 
more  especially  to  Italy,  which  has  suffered  so  much  and  so  long  from  its 
commercial  isolation  from  the  rest  of  Europe ;  and  I  need  not  point  out  how 
valuable  it  will  be  to  the  profession,  to  have  full  and  exact  details  of  the 
most  novel  and  striking  of  these  works.  In  obtaining  these,  any  one  of  our 
members  can  easily  have  the  advantage  of  personal  inspection  of  the  works, 
should  he  find  this  necessary  for  an  accurate  description.  Not  so,  however, 
with  respect  to  those  great  works  in  India  or  America.  At  the  same  time 
matiy  of  these  are  made  with  English  capital  and  by  English  engineers  ;  and 
where  this  is  the  case  there  will  be  no  difficulty  in  obtaining  access  to  the 
plans.  Some  of  the  iron  bridges  have,  indeed,  been  made  in  this  country, 
and  these  now  form  the  largest  and  most  interesting  of  recent  railway 
structures;  so  that  the  difficulty  of  obtaining  the  necessary  details  is  not 
so  great  as  may  at  first  be  supposed. 

The  railways  in  our  American  colonies,  though  invaluable  to  the  dis- 
tricts through  which  they  pass,  have  hitherto  been  unremunerativc.  This 
result  has,  to  a  large  extent,  been  caused  by  inattention  to  economy  in 
construction,  and,  as  many  believe,  by  disgraceful  jobbing  in  financial 
matters.  Notwithstanding  these  drawbacks,  I  have  no  doubt  hut  tin 
rapid  progress  of  these  colonies  in  material  prosperity  will  soon  furnish 
traffic  to  make  the  present  lines  profitable  undertakings.  Hy  that  time 
the  colonies  on  the  western  shores  will  also  be  far  advanced  in  commercial 
importance,  so  that  we  look  forward  at  no  distant  date  to  an  extension  of 
the  Grand  Trunk  of  Canada  across  the  Rocky  Mountains  to  British  Colum- 
bia, Such  an  undertaking  will  necessitate  the  construction  of  works  of 
magnitude  equal  to,  if  not  greater  than  those  already  completed.  Its  effect 
on  the  development  of  the  resources  of  the  vast  territory  which  it  will 
traverse,  will  lie  invaluable.  The  result,  therefore,  will  be  equally  great 
in  a  professional  and  national  point  of  view,  and  may  claim  the  attention 
alike  of  the  engineer  and  the  statesman. 

The  neat  question  of  cotton  supply  renders  the  rapid  extension  of  railway 
transit  in  Indian  matter  of  the  most  pressing  and  immediate  importance.  in- 
valuable  time  lias  already  been  lost  in  endless  discussion  of  detail  bj  parties  who 

were  entirely   unfitted  for   such   work;  ami   it    is   to  be  hoped  thai  DOW,  whan  S 

a  made,  Indian  railways  will  be  pressed  on  with  all  practicable 
speed.  Ii  has  been  a  matter  of  bitter  reproach  against  England  by  Burke!  and 
by  all  who  have  followed  him  in  challenging  our  Indian  policy,  that  are  have 
done  so  much  in  conquering  the  natives  and  in  enriching  ourselves,  .on I  .n  little 
in  opening  out  the  material  :■  that  magnificent  country.    Out  greatest 

boast  has  hi  en  on-  advancement  in  the  arts,  in  mo ihanice,  and  engineering, 
and  ■■■■  ally  in  all  pi  nected  with  improvements  of  land  tran- 

et,  during  the  century  of  our  sway  in  India,  we  have  allowed  the  great 
work-  of  artificial  navigation  made  by  former  engineers  to  fall  into  decay,  and 
have  been  contented  to  carry  on  intercourse  in  one  of  the  richest  and  most 

populous  countries    in     the    world     by   bullock     tracks,   like    those  described   hy 

Livingstone  as  being  rued  by  the  African  savages  anion-  whom  he  travelled. 

We  have  now  entered  upon  a  different  policy.  Trunk  roads  and  trunk  rail* 
ways  have  been  and  partially  constructed  between  the  capitals  d 

the  various  Indian  provinces.    Wi  bars  eommenoedto  Improve  the  river  navi 

The   old    tank-    and 
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canals  for  irrigation  have  been  repaired,  improved,  and  greatly  extended ;  and 
if  this  course  be  persevered  in,  we  may  expect  to  see  the  whole  country  opened 
up  in  a  short  time  by  works  which  will  make  internal  transit  there  as  cheap  and 
efficient  as  it  is  with  us,  and  which  will  form  the  most  striking  monument 
yet  raised  to  the  power  and  magnificence  of  Great  Britain.  I  need  not  point 
out  what  a  large  field  of  engineering  employment  the  construction  of  these 
works  will  open  up,  nor  the  necessity  of  smoothing  away  the  difficulties  which 
their  construction  will  give  rise  to,  by  a  full  discussion  of  them  at  institutions 
such  as  this. 

I  alluded,  in  my  address  of  last  year,  to  the  prospects  of  the  Great  Interna- 
tional Exhibition,  and  to  the  part  which  we  expected  the  industry  of  the  west  of 
Scotland  to  occupy,  and  I  am  glad  to  be  able  to  congratulate  the  members  that 
our  expectations  in  these  respects  have  been  fully  realised. 

The  Exhibition,  almost  in  every  respect,  exceeded  that  of  1851  as  regards  num- 
ber, variety,  and  importance  of  the  articles  brought  forward ;  and  Great  Britain, 
on  the  whole,  has  had  reason  to  be  proud  of  the  position  she  has  occupied  in 
the  grand  industrial  tournament  to  which  she  had  challenged  the  world.  In 
the  production  of  metals,  chemicals,  glass,  and  earthenware,  and  of  all  ordinary 
woven  fabrics,  we  have  undoubtedly  distanced  all  competitors,  with  some  very 
few  exceptions. 

In  the  case  of  machinery,  the  department  more  peculiarly  interesting  to  engi- 
neers, it  may  be  said  without  exaggeration  that  we  have  been  first.  There 
certainly  is  no  comparison  between  our  locomotives,  our  marine  and  land  engines, 
our  spinning  and  weaving  machinery,  our  sugar-mills,  and  our  tool-making  ma- 
chinery and  those  exhibited  by  our  rivals  ;  and  it  must  have  given  great  saisfac- 
tion  to  all  of  us  to  see  the  honourable  position  occupied  by  many  of  our  own 
members  who  are  exhibitors  in  these  classes. 

Amongst  the  few  exceptions  I  have  referred  to,  I  may  mention  railway  carriages 
and  their  fittings,  cast-steel  forgings,  and  some  of  the  unusual  forms  of  rolled 
iron.  It  has  long  been  matter  of  common  remark,  that  the  carriages  of  foreign 
railways  were  better  and  more  comfortable  than  those  of  a  similar  class  with  us. 
This  may  be  partly  explained  by  the  large  proportion  of  old  and  badly-con- 
structed stock  still  kept  up  by  mam'  companies  in  this  country.  But  even 
allowing  this,  I  am  afraid  that  it  must  be  admitted  that  foreign  stock  of  railways 
is  fully  superior  to  our  own  ;  and  there  can  be  no  doubt  that  the  best  foreign 
carriages  exhibited  were  fully  equal,  if  not  superior  to  those  of  English  make. 
Many  reasons  have  been  assigned  for  this,  but  they  may  all  be  resolved  iuto  the 
simple  fact  that  our  foreign  rivals  have  paid  more  attention  than  we  have  done 
to  the  proportions  and  quality  of  the  fittings  and'to  the  excellence  of  the  work- 
manship in  every  minute  particular.  It  is  impossible  to  over-estimate  the 
importance  of  attention  to  these  points,  not  only  as  regards  the  comfort  of  pas- 
sengers, but  also  as  regards  the  question  of  economical  working.  Repairs  and 
renewal  of  rolling  stock  form  a  very  large  portion  of  the  working  expenses  of  a 
railway;  and  to  use  stock  after  it  becomes  ripe  for  renewal  is  not  only  severe 
-upon  itself,  but  is  equally  injurious  to  the  permaneut  way.  The  rail  and  the 
wheel  are,  in  the  words  of  Stephenson,  "  man  and  wife,"  and  you  cannot  injure 
or  depreciate  the  one,  without  doing  corresponding  damage  to  the  other.  This 
great  truth  is  now  fully  recognized  in  railway  management,  and  is  shown  by  the 
increased  attention  which  is  being  paid  to  the  improvement  of  rolling  stock  and 
of  the  permanent  way;  and  I  hope  that  such  attention,  coupled  with  the  natural 
decay  of  old  and  objectionable  rolling  stock  and  its  renewal,  will  soon  enable  us 
to  surpass  all  continental  railways  in  these  all-important  matters. 

It  must  have  struck  every  one  that  foreign  carriage  fittings  in  iron,  more 
especially  those  from  Prance,  were  also  full}'  equal  to  ours.  They  were  cer- 
tainly lighter  and  very  well  made ;  and  I  was  surprised  at  being  informed 
that  they  were  actually  cheaper  than  with  us,  being  only  on  an  average  2\d.  per 
lb.  This  is  a  somewhat  astonishing  result,  if  we  consider  that  the  raw  material 
is  25  to  40  per  cent,  dearer  in  Prance  than  in  Britain.  We  have  almost  all  the 
materials  for  iron-making — the  ore,  the  coal,  and  the  lime,  tying  in  close  juxta- 
position, so  that  with  us  the  cost  of  raw  material  is  very  small  indeed.  But  in 
Prance  theyare  widely  separated,  and  the  extra  cost  of  carriage,  compared  to 
what  it  is  with  us,  raises  the  price  of  pig-iron  from  60s.  to  90s.,  and  of  bar-iron 
from  130s.  to  170s.  per  ton.  It  is  very  much  to  the  credit  of  the  Prench  manu- 
facturers that  they  can,  in  the  face  of  this  great  difference  against  them,  produce 
iron  work  of  first-class  quality  as  cheaply  as  in  Britain. 

They  also  produce  angle  iron,  T-iron,  and  I-iron  of  extra  sizes  for  smaller 
extra  charges  than  those  made  by  our  makers  ;  and  they  have  carried  the  manu- 
facture of  these  extra  sizes  and  forms  much  farther  than  we  have  done  ;  and  I 
understand  it  is  the  case  that  many  of  these  sizes  and  forms  must  be  ordered  by 
our  Glasgow  iron  merchants  from  Prench  and  Belgian  makers,  and.  the  prices  are 
so  low  that  I-beams,  12in.  deep,  cost  only  £12  10s.,  and  when  2ft.  deep,  £20  per 
ton.  _  There  is  no  doubt  that  the  advantages  we  possess  for  ordinary  sizes  and 
qualities,  with  proper  skill  and  attention,  ought  to  be  carried  into  every  branch 
of  the  manufacture.  Were  this  done  our  foreign  trade  would  be  greatly  ex- 
tended, and  the  use  of  iron  would  be  adopted  to  a  larger  extent  in  many  kinds 
of  industry. 

A  good  deal  of  the  uncertainty  attendant  on  the  introduction  of  iron-making 
arises  from  the  obscurity  which  still  surrounds  many  of  the  chemical  changes 
that  take  place  in  its  various  stages.  This  obscurity  can  only  be  removed  °by 
accurate  experiments  on  a  large  scale.  These  could  easily  be  conducted  by  many 
of  our  members  who  are  connected  with  the  manufacture  ;  and  such  a  series  of 
experiments,  besides  being  of  great  value  to  the  makers,  would  furnish  the 
subject  of  many  excellent  papers,  which  I  hope  to  see  brought  before  the 
Institution. 

In  concluding  these  remarks,  I  have  much  pleasure  in  being  able  to  con- 
gratulate the  members  on  the  increased  and  increasing  prosperity  of  the 
Institution  in  every  respect.  Although,  we  however,  had  a  considerable  increase 
m  the  number  of   members  last  Session,  we  must  not  show  any  laxity  in  in- 


creasing the  number  with  suitable  members  still  more,  so  as  to  keep  up  our 
funds,  which  naturally  will  fall  off,  owing  to  the  entry-money  and  yearly  sub- 
scriptions having  been  recently  reduced  ;  and  this  is  the  more  necessary  as  we 
will  require  to  draw  pretty  heavily  on  these  funds  in  the  establishment  of  such 
a  library  as  will  be  worthy  of  the  Institution. 

I  refer  with  much  satisfaction  to  the  pleasant  and  agreeable  meeting  our  last 
conversazione  afforded  the  members  and  their  friends ;  and  much  praise  is  due 
to  our  Secretary  and  the  members  of  committee  who  were  intrusted  with  the 
arrangements.  I  trusted  that  the  Institution  may  see  proper  to  have  a  similar 
meeting  at  the  close  of  the  present  Session,  as  I  think  such  meetings  have 
a  tendency  to  create  good  feeling  and  harmony  amongst  the  members  of  the 
Institution. 

On  the  motion  of  Mr.  R.  Bruce  Bell,  a  hearty  vote  of  thanks  was  awarded  to 
the  President  for  his  very  interesting  address. 

Mr.  Walter  Macfarlane  begged  permission  to  offer  a  few  remarks,  suggested  by 
the  President's  address.  The  member  must  feel  deeply  indebted  to  the  President 
for  bringing  so  fully  before  them  the  railway  bridge  and  terminus  at  Hungerford, 
which  was  to  connect  the  railways  on  both  sides  of  the  Thames  at  Charing  Cross. 
There  was  a  probability  of  their  soon  seeing  a  scheme  launched  in  Glasgow  of  a 
kindred  sort — a  general  terminus  in  this  city  to  connect  all  their  railways.  He 
could  not  but  express  his  regret  at  the  very  disgraceful  state  in  which  Glasgow 
stood  in  regard  to  her  railway  termini ;  and  it  must  be  patent  to  them  all  that  a 
large  amount  of  money  was  unnecessarily  spent  from  this  cause.  It  had  gene- 
rally been  held  that  the  great  obstacle  to  the  success  of  a  general  terminus  was 
its  expense,  which  he  did  not  think  should  be  the  case  in  such  a  city.  Seeing 
that  London,  with  the  view  of  centralizing  her  various  railway  depots,  had  carried 
out  such  a  scheme,  he  thought  there  would  be  no  difficulty  in  this,  the  second 
city  in  the  empire,  following  the  example,  and  taking  a  position  more  creditable 
than  it  now  occupied.  The  President's  remarks  were  most  suggestive,  and  a 
meeting  such  as  the  present  was  most  valuable,  as  it  gave  a  good  opportunity  for 
bringing  their  engineering  opinions  to  bear  upon  a  scheme  before  it  was  finally 
committed.  Glasgow  should  look  upon  this  matter  in  a  broad  aspect  of  view,  and 
see  the  necessity  for  having  railway  accommodation  commensurate  with  the  in- 
crease and  extent  of  the  city.  The  Central  Railway  Terminus  to  which  he  had 
referred  was  very  much  akin  to  the  Hungerford  Market  and  Bridge  scheme. 
Hungerford  Market  had  only  been  established  thirty  years,  and  yet  it  was  being 
removed  at  enormous  expense ;  and  if  one  or  two  railways  at  London  could  do 
this,  he  should  be  disappointed  if  Glasgow  were  not  soon  in  a  similar  position. 

The  President  endorsed  all  that  Mr.  Macfarlane  had  said.  He  was  of  opinion 
that  if  it  was  found  necessaiy  to  join  the  London  railways,  much  more  was  that 
the  case  in  Glasgow,  for  it  would  connect  the  leading  lines  in  the  west  and  south 
of  Scotland  with  those  of  the  north  and  east  of  Scotland.  He  knew  a  good  deal 
about  the  scheme  referred  to,  having  been  consulted  in  reference  to  it.  He  had 
seen  Mr.  Hemans,  the  engineer,  who  had  got  ready  the  plans  and  a  very  fine 
model,  which  was  exhibited  in  one  of  the  booths  at  the  west-end  of  Bothwell- 
street.  He  believed  the  chief  difficulty  was  the  want  of  mone}',  but  partly  also 
the  absence  of  co-operation  on  the  part  of  the  railway  companies.  However,  he 
had  no  doubt  that  the  scheme  would  come  up  soon,  although  it  would  not  be  pro- 
ceeded with  in  the  present  session  of  parliament. 


ON  THE  UTILIZATION  OP  PEAT,  WITH  REFERENCE  MORE  PAR- 
TICULARLY TO  THE  MANUFACTURE  OF  HYDRO-CARBON  OILS. 

By  B.  H.  Paul,  Ph.D. 

(Continued  from  page   17.) 

The  amount  of  tar  obtainable  from  the  peat  is  of  considerable  importance. 
The  amount  obtained  by  Mr.  Sullivan  from  Irish  peat,  in  no  instance  amounting 
to  5  per  cent.,  and  on  the  average  2'5  per  cent.,  is  far  to  small  to  admit  of  the 
peat  being  worked  profitably. 

The  influenced  of  an  increased  yield  of  tar  on  the  cost  of  the  products,  will 
be  very  clearly  apparent  from  Table  II.,  in  which  the  quantity  of  peat  worked 
per  week  is  throughout  taken  as  100  tons,  and  the  yield  of  tar  varying  from  1 
to  10  per  cent. 

It  will  be  seen  that  a  yield  of  3  per  cent,  tar  from  the  peat  would,  at  the  cost 
of  peat  and  labour  assumed  in  this  table,  make  the  cost  of  the  tar  £6  6s.  8d.  per 
ton,  and  that  if  the  refined  product  from  the  ton  of  tar  amounted  to  011I3'  100 
gallons,  the  cost  of  the  oil  would  be  Is.  lOd.  per  gallon,  or  far  too  much  to  admit 
of  profitable  working. 

To  determine  this  point,  therefore,  with  certainty,  an  experimental  distillation 
of  the  Lews  peat — air  dried — was  made  in  a  close  retort,  it  gave  the  following 
results  : — 


Tar. 


Charcoal 


C  Carbon 30-25 


9-855 
31-500 


30-25 1 

lAsh 1-25J     

Water 37-875 

Gas 21-549 


which  were  subsequently  confirmed  by  trials  on  a  larger  scale. 
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The  tar  thus  ohtained,  as  I  have  already  mentioned,  yielded  12  per  cent,  by 
weight  of  refined  oil  and  paraffin  ;  so  that  the  100  tons  of  peat,  as  compared  with 
the  average  of  Irish  peat,  would  j-ield  — 


Lews  peat 
Irish  peat 


Tons. 

100 
100 


Tar. 
palls. 
2,097    = 
479    = 


Crude 

Oil. 

galls. 

1,629 

686 


liefincd 
Oil. 

palls. 
=  999 
=    357 


Creo- 
sote, 
galls. 
+    630 
+    343 


In  this  case,  taking  the  cost  of  the  peat  as  before  at  2s.  per  ton,  the  quantity 
of  Lews  peat,  equivalent  to  one  gallon  of  refined  products,  would  cost  only  °V. 
instead  of  'id.,  as  in  the  case  of  the  Irish  peat  ;  and  adding  in  each  case  Is.  per 
gallon  as  the  cost  of  manufacture,  the  refined  oil  from  Lews  peat  would  cost 
Is.  -J.\il.  per  gallon,  while  that  from  Irish  peat  would  cost  Is.  Id.  per  gallon. 

In  the  above  table  the  cost  of  manufacture  is  taken  from  the  results  of  actual 
experience  ;  but  the  per  centage  of  tar,  which  I  have  just  referred  to  as  obtainable 
from  the  Lews  peat,  was  obtained  by  distilling  it  in  a  close  retort.  This  is  not 
the  plan  that  h;is  been  adopted  practically,  and   it   is  possible   that    ill   distilling 

Eeat  with  close  retorts,  the  cost  of  manufacture  would  be  increased  beyond  what 
as  been  quoted  in  the  above  table,  by  the  necessity  of  using  peat  for  fuel;  if, 
forinstaiice.it  should  be  found  that  the  charcoal  ohtained  from  one  operation 
was  insufficient  Pot  the  distillation  of  a  subsequent  charge  of  peat.  If  that  were 
the  ease,  the  working  with  close  retorts  would  involve  an  additional  expense  foi 
fuel.  The  peatthu  consumed  as  fuel  would,  in  realit}  reduce  the  actual  percent- 
if  tar  obtained  from  the  peal  consumed,  and  if  one-third  the  weight  of  the 

paat  were  consumed  as  fuel,  the  per  rentage  of  tar  obtained  would  he,  in  fact,  not 

B"8  per  cent.,  but  onlj  like  6  per  cent. 

At  the  outset  of  the  inquiry  into  the  working  of  the  Lews  peat,  it  therefore 
became  an  important  question  whether  it  would  not  be  more  economical  to  work 
with  kilns,  as  was  done  at  the  Irish  Works  i  whether  the  large  yield  of  tar  ob- 
tained with  retorts  was  not  to  some  extent  only  apparent  :  and  whether  a  smaller 

yield  of  tar.  obtained  by  means  ol   kilns,  might  he   more  advantageous  by  i 

of  their  smaller  original  cost,  and  of  their  requiring  a  smaller  expense  for  labour 

and  fuel  in  working  than  retorts. 

The  small  amount  of  tar  obtained  from  the  peat  at  at  the  Irish  works  was,  no 
doubt,  partly  a  consequence  of  the  inferior  character  of  the  peat  ;  but  a  little 
a  Dsideration  ot  the  circumstances  under  which  the  peat  was  distilled  will  suffice 
to  ihow  that  it  was  mainly  attributable  to  the  use  of  the  blast  employed  in  main- 
taining the  combustion,  in  the  same  manner  that  it.  is  employed  in  an  iron-smelt- 
ing furnace.  Some  results  are  indeed  mentioned  by  Mr.  Reeoe,  and  [noted  by 
Sir  Robert  Kane  in  his  redort,  which  clearly  suggest  this  view.  Thus,  for  in- 
stance, Mr.  Reece  states  that,  in  the  experiments  made  in  Antrim,  in  1k.",0,  with 
a  kiln  3ft.  diameter  and  16ft.  deep: — 
When  the  quantity  of  peat  distilled  during  21  hours  was  1J  ton,  the  produce  of 

tar  was  70lbs.  per  ton       8'1  per  cent. 
When  the  quantity  of  peat  distilled  during  24  honrs  wae,2  ton-,  the  prodnee  ol 

tar  was  LOlbs,  per  ton  «=  1"8  percent. 
When  the  quantity  of  peat  distilled  during  24  hours  was  3  tons,  the  produce  of 

tar  was  22lhs.  per  ton    -  Dill  per  cent. 
When  the  quantity  of  peat  distilled  daring  9  I  hours  was  !l  tons,  the  psodfi 

tar  was  only  'Jibs,  per  ton. 

In  the  experiment  by  Dr.  SodgCB,  which  gave  I'll  DOT  OSDt.  of  tar,  the  distilla- 
tion of  two  tons  of  peat  occupied  three  day-,  and  the  blow  ing  machine  smplo]  I  I 


in  that  experiment  is  described  as  having  been  "very  inefficient,"  and  furnishing 
only  "  an  intermittent  blast  of  no  great  power."  The  same  fact  is  pointed  out 
in  Sir  Robert  Kane's  report,  as  having  been  observed  in  the  course  of  the  inves- 
tigation made  at  the  Museum  of  Irish  Industry  by  Mr.  Sullivan.  When  much 
air  was  blow  through  through  the  apparatus,  scarcely  any  condensible  products 
were  obtained ;  when  little  air  was  blown  through,  the  distillation  was  very  slow 
and  incomplete. 

This  result  of  a  very  small  yield  of  tar  when  a  strong  blast  was  used  appears 
to  be  clearly  attributable  to  the  peat  having  been  burnt  in  the  kiln  instead  of 
having  been  distilled ;  and  this  view  of  the  matter  led  me  to  the  conclusion  that 
it  would  be  advantageous  to  dispense  with  the  blast  altogethor,  as  being  not  only 
very  expensive,  but  also  useless  and  unsuitable  for  the  production  of  tar.  It  ap- 
peared to  me  that  a  more  appropriate  means  of  maintaining  the  combustion  of 
the  charcoal  at  the  lower  part  of  the  kiln,  so  as  to  produce  the  requisite  heat  for 
distilling  the  peat  at  the  upper  part,  would  be  to  have  a  fire-grate  at  the  bottom 
of  the  kiln,  and  to  establish  a  draught  through  the  fire  by  exhaustion  from  the 
upper  end  of  the  kiln.  It  appeared  to  me,  moreover,  that  by  this  means  the 
escape  of  the  tar  vapour  from  the  kilns  would  be  facilitated  in  a  much  greater 
degree  than  by  the  blast  driven  into  the  kilns  at  the  bottom. 

This  opinion  was  supported  by  the  result  of  some  experiments  made  with  a 
small  kiln,  constructed  in  this  manner,  which  was  worked  for  some  time  in 
Lews.  In  this  kiln  the  draught  was  produced  by  means  of  a  chimney  placed  at 
the  further  end  of  the  condenser,  and  the  yield  of  tar  obtained  with  this  experi- 
mental kiln  amounted  to  5  per  cent. 

The  tar  thus  produced  differed  somewhat  from  that  obtained  by  distillation  in 
close  retorts  chiefly  in  respect  to  the  relative  proportions  of  light  and  heavy  oils 
and  paraffin,  as  will  be  seen  by  the  following  results  of  the  analyses  of  these 
two  tars : — 

Density.  Retort  Tar.         Kiln  Tar. 

Light  oil  (0-820— 0-830)  18-678      ..       5-147 

Heavvoil  0870    ..     20165     ...     30-885 

Paraffin  3318     ...       5135 

Creosote 30'459     ...     47-068 

Charcoal  gas  and  waste  27-380     ...     11705 

100-000  ...  100-000 
This  difference  might,  however,  be  owing  to  defective  condensation  of  the 
more  volatile  portions  of  the  tar  vapour,  as  the  arrangements  connected  with 
the  experimental  kiln  were  in  many  respects  very  imperfect.  Otherwise  the  tar 
was  as  easily  worked  as  that  obtained  with  close  retorts  and  the  general  result  of 
the  trials  made  with  this  kiln  was  so  far  favourable  to  this  mode  of  working, 
that  when  arrangements  were  made  for  erecting  works  to  make  six  tons  of  tar  a 
week,  it  was  determined  to  construct  a  range  of  kilns  of  this  description,  in  pre- 
ference to  putting  up  retorts  ;  at  the  same  time  it  was  hoped  that  with  a  more 
efficient  arrangement  for  condensing  the  tar  vapour,  a  larger  yield  of  tar  than  5 
per  cent,  might  be  obtained. 

These  preliminary  matters  having  been  satisfactorily  disposed  of,  preparations 
for  erecting  works  were  commenced  in  the  early  part  of  ls.ji).  The  tar  kilns 
were  cylindrical  baick  chambers  6ft.  diameter  and  12ft.  high,  with  a  fire-grate  of 
about  2ft.  area  at  the  lower  end,  and  a  hopper  with  a  lid  at  the  top  for  introduc- 
ing the  peat.  Ten  of  these  kilns  were  constructed  side  by  side  in  a  block  of 
brickwork.  From  the  side  of  each  kiln  passed  a  pipe  l'Jin.  diameter,  which  was 
connected  with  a  main  3ft.  diameter,  extending  round  the  whole  range  of  kilns, 
and  into  which  the  tar  vapour  from  the  kilns  was  discharged.  From  this  main 
the  vapour  passed  into  a  series  of  pipes  12in.  diameter,  arranged  on  cisterns 
much  in  the  same  manner  as  the  condensers  of  gasworks,  but  with  the  difference 
that  there  was  no  water  joint.      Alter  passing  through  this  condenser  the  uncoii- 

densed  gases  were  discharged  into  a  brick  chamber  with  numerous  partition 

walls,  and  thence  into  a  large  flue  running  for  about  fifty  yards  up  the  side  of  a 
hill  on  the  top  of  which  was  placed  p  chimney  80ft.  high. 

A  tramroad  ran  along  the  top  of  the  kilns,  communicating  with  the  tramvoads 
diverging  through  the  moor,  for  bringing  up  the  supplies  of  peat  ;  and,  as  the 
peal  burnt  away  at  the  fire-grates,  a  fresh  quantity  was  introduced  a;  the  upper 
ends  of  the  kilns.     This  charging   required   to   be  repeated  every   two  or  three 

hours.    The  product  collecting  in  the  condenser  cisterns  was  a  thick  creamy 

mixture   of  tar  and   water  of  a   pale   sulphur  colour,   from    which   (he   tar  was 

separated  by  heating  it  in  a  large  boiler  and  skimming  the  tar  oil'  the  surface. 
With  this  arrangement  work  was  commenced  about  the  end  ol  August,  I860: 

but.  owing  to  the  wet  state  of  the  brickwork,  and  to  a  temporary  difficult]  with 
the  workpeople,  it  was  not  until  the  earl\  part  ot  October  that  the  kilns  w.iv 
got  into  regular  working  order.  From  that  time  the  work  was  carried  on  with- 
out any  considerable  interruption  until  the  end  ot  February,  1861.  The  results 
obtained  during  thi-  period  were  far  from  being  satisfactory.  In  the  first  i 
the  tar  made  did  not  amount    to    more    than   8    per  cent .  of  the  peat  con-umed  : 

and,  in  the  second  place,  the  quantity  ol  peat  worked  did  not  amount  to  most 

than  on  tons  a  week  on  the  average. 
The  expenses  of  labour  in  working  the  kilns  being  vwj  nearly  the  same, 

whether  the  quantity  Of  p'at  worked  was  large  or  small,  the  lion  late  ot  work- 
ing necessarily  increased  the  cost  of  the  products,  ami  Ibis  circumstance  has  mi 
influence  as  important  m  Ibis   respect    as    the    yield    ol    tar,   as  will    be    apparent 

from  the  comparison  given  in  flu-  annexed  table. 

Moreover,  the  rate  ol  ivorkin  jeot  to  wide  variation.    This  latter  ch> 

nice,  which  was  productive  oi  much  mconvenienee,  appeared  to  be  mainly 

determined  by  the  state  ot  the  win. I.    During  calm  weather  the  quantity  ot  peal 

worked v  >    not   much  more  than  hall  thai  worked  when  there  was  a  fresh 

breeze.     With  a  dead  calm  the  notion  ol  the  kilns  would  sometimes  be  entire!] 

I,  and  during  gales,  winch  were  ot  \.m  fVoquenl  occurrence,  it  was  hn- 

ontinui  working.  Thi  most  troublosonn  effect  ol  these  two  extreme 

conditions  was  the  production  ot  a  back  draught  from  fin  chimney,  though  toe 

toward    the  kiln-,  bj  means  ol  winch  ■  .  with  the 
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Per  centage 
yield  of  tar 
from  peat. 

Quantity  of 

peat  worked 

per  week. 

Tar  produced. 

Refined  oils  and 
Paraffin. 

Peat.2s-   Labour, 
per  ton. 

Cost  of  Tar  per  ton. 

Cost  of  Tar  equivalent 

to  1  gallon 

of  Refined  Oil. 

Cost  of  Refining 
per  gallon. 

Cost  of  Refining  Oil 
per  gallon. 

5 
5 
5 

Tons. 
50 

120 

200 

Tons. 
21 

6 

10 

Gallons. 
5S3 

1398 

2330 

Gallons. 
268 

642 

1070 

£         £          £ 

5  +  10  =  15 

12  -r  10  =  22 
20  +  10  =  30 

£       s.      d. 
6      0      0 

3     13       6 

3      0      0 

£       s.       d. 
0       1       2i 

0      0       9 

0       0       7i 

£      s.      d. 
0       0       6 

0      0       6 

0      0       6 

£       ».      d. 
0      1      8£ 

13      0 

0      1      li 

vapours  and  combustible  gases ;  and,  when  this  admixture  reached  a  certain 
limit,  explosions  sometimes  took  place,  which  were  both  inconvenient  and 
dangerous. 

The  slow  rate  of  working  which,  as  shown  by  the  following  table,  rendered 
the  charge  for  labour  proportionately  much  greater,  was,  to  a  great  extent,  a 
consequence  of  the  feeble  and  irregular  draught  produced  by  the  chimney.  In 
addition  to  this,  the  tar  vapour  did  not  appear  to  escape  from  the  kilns  through 
the  12in.  discharge  pipes  with  sufficient  ease.  The  consequence  was  that  much 
tar  was  condensed  among  the  cold  peat  at  the  top  of  the  kiln,  and  this  tar, 
melting  afterwards,  ran  down  to  the  fire,  and  was  there  more  or  less  burnt  and 
destroyed.     Hence  the  small  yield  of  tar. 

Since  the  feeble  draught  of  the  chimney  was  the  chief  cause  of  these  unsatis- 
factory results,  and  since  that  was  itself  a  consequence  of  the  extreme 
refrigeration  of  the  vapour  and  gas  during  its  passage  through  the  condenser, 
the  defective  draught  might  have  been  remedied  by  maintaing  a  fire  at  the  base 
of  the  chimney,  so  as  to  heat  the  cold  uncondensed  gas  escaping  from  the  con- 
denser, where  the  tar  had  been  deposited,  sufficiently  to  produce  a  steady 
draught ;  but,  since  the  gas  escaping  into  the  chimney  was  highly  combustible, 
this  would  have  been  too  hazardous  a  plan  to  adopt,  inasmuch  as  the  weather 
was  frequently  so  boisterous  that  it  was  with  difficulty  that  work  could  be 
carried  on  at  all  out  of  doors  ;  and,  as  the  kilns  were  worked  continuously, 
there  would  heve  been  much  inconvenience  attending  this  mode  of  working 
during  the  very  long  nights  of  winter. 

Under  these  circumstances,  it  appeared  to  me  desirable  te  have  recourse  to 
some  mechanical  means  of  producing  a  draught,  that  would  be  constant  in  its 
action,  easily  under  control,  and  which  would  admit  of  the  gases  discharged 
from  the  condenser  being  burnt  with  safety  by  the  introduction  of  a  water  joint 
between  the  condenser  and  the  place  where  they  were  burnt.  A  further  reason 
for  adopting  an  arrangement  of  this  kind  was  the  presence,  in  the  uncondensible 
gases  escaping  from  the  condenser,  of  a  large  quantity  of  tar,  which  was  sus- 
pended in  a  kind  of  vesicular  position,  and  was  not  separable  by  any  amount  of 
cooling  that  was  practically  applicable.  The  smell  produced  by  the  escape  of 
this  tarry  gas  into  the  air  was  exceedingly  offensive  for  miles  around,  and  for 
this  reason,  as  well  as  for  the  sake  of  using  the  gas  as  fuel,  it  was  determined 
to  burn  it.  Moreover,  though  the  separation  of  this  suspended  tar  could  not  be 
effected  by  cooling  the  gas,  it  was  easily  separated  by  mechanical  means,  such  as 
passing  the  gas  over  loose  bunches  of  heather.  This  plan  has  been  adopted 
while  working  with  the  chimney  draught,  and,  so  far  as  the  separation  of  the  tar 
was  concerned,  it  succeeded  perfectly.  A  long  brick  chamber  was  connected 
with  the  flue  leading  to  the  chimney,  so  that  the  gases  were  made  to  pass  along 
it  in  a  zigzag  course  by  coming  in  contact  with  bunches  of  heather  tied  to  cords 
and  suspended  from  the  roof  of  the  chamber.  The  effect  of  this  arrangement 
in  separating  the  suspended  tar  was  instantly  recognisable,  the  gases  escaping 
from  the  chimney  being  almost  free  from  tar.  But  the  draught  of  the  chimney 
gradually  decreased,  and  at  the  end  of  two  or  three  weeks  had  ceased  altogether. 
On  opening  the  chamber  it  was  found  to  be  entirely  choked  with  tar  that  had 
been  deposited  upon  the  bunches  of  heather  like  drifts  of  snow.  This  circum- 
stance suggested  the  introduction  of  several  such  chambers  into  the  condenser, 
and  it  was  also  expected  that  the  passage  of  the  vapour  and  uncondensible  gas 
through  water  would  have  a  similar  influence  in  separating  this  tar.  But  to 
overcome  the  resistance  that  would  thus  be  offered  to  the  passage  of  the  vapour 
and  gas  from  the  kilns,  it  was  necessary  to  have  a  very  powerful  draught,  and, 
after  considering  the  various  means  employed  at  gasworks  for  exhausting,  I 
decided  upon  trying  the  effect  of  a  revolving  fan.  A  very  excellent  form  of  fan 
of  great  power  was  suggested  for  this  purpose  by  Dr.  Bankine,  but,  as  time  was 
a  considerable  object,  one  of  the  ready  made  fans,  manufactured  under  Schiele's 
patent,  by  the  North  Moor  Foundry  Company,  was  chosen  for  the  trial. 

In  order  to  get  a  satisfactory  result  in  working  the  kilns  it  was  necessary  to 
work  up  at  least  seventy  tons  of  peat  a  week,  and  to  obtain  fully  5  per  cent,  of 
tar.  Assuming  that  by  the  application  of  a  fan  this  result  was  obtained,  then 
the  quantity  of  uncondensible  gas  passing  away  from  the  kilns  might  be  taken 
as  consisting  essentially  of  the  carbonic  oxide  produced  by  the  combustion  of 
the  coke  or  charcoal  yielded  by  that  quantity  of  peat,  plus  the  oxygen  of  the 
air  required  for  its  combustion.  Taking  the  peat  to  yield  25  per  cent,  of 
charcoal,  and  the  quantity  worked  as  ten  tons  daily,  there  would  be  some  41b.  of 
carbon  to  be  converted  into  carbonic  oxide  per  minute  in  the  kilns.  This 
quantity  would  require  rather  more  than  300  cubic  feet  of  air,  which,  by  con- 
version into  carbonic  oxide,  would  become  about  360  cubic  feet,  and,  at  the 
temperature  it  entered  the  fan,  might  amount  to  500  cubic  feet.  This,  then, 
fixed  the  minimum  capability  of  the  fan  to  passing  500  cubic  feet  of  gas  per 
minute,  even  if  the  quantity  of  peat  worked  did  not  exceed  seventy  tons  a  week. 
But  this  rate  of  working  was  considered  too  small,  and  I  was  desirous  of  increas- 
ing it  to  double  or  three  times  as  much,  and  with  that  object  decided  upon  em- 
ploying a  fan  capable  of  passing  2000  cubic  feet  of  gas  per  minute,  so  as  to 
leave  an  ample  margin  for  increasing  the  rate  of  working,  and  to  allow  for  any 
augmentation  of  the  voluume  of  gas  not  calculated  for. 


The  fan  chosen  for  this  purpose  was  a  30in.  Schiele's  fan,  driven  at  a  rate  of 
1600  revolutions  by  an  8in.  engine,  which  worked  some  pumps  and  a  winding 
drum,  by  which  the  peat  trucks  were  drawn  up  an  incline  to  the  kilns.  This 
fan  was  found  to  produce  a  powerful  steady  draught  through  7in.  of  water, 
without  raising  the  combustion  at  the  fire-grate  of  the  kilns  to  a  higher  degree 
than  was  desirable.  The  area  of  the  discharge  pipes  from  the  kilns  having 
been  doubled,  the  vapour  was  rapidly  drawn  from  the  kilns,  and  the  tar  was 
much  more  completely  separated  by  passing  the  vapour  several  times  through 
water  and  through  four  chambers  filled  with  layers  of  heather.  The  mechanical 
action  of  the  fan  was  also  found  to  be  very  efficacious  in  separating  the  suspended 
tar,  which  appeared  to  be  churned  out  of  the  gas  by  the  fan. 

The  current  of  gas  discharged  from  the  fan  was  highly  combustible,  and 
burnt  freety  at  the  ordinary  temperature.  In  order  to  prevent  its  causing  an 
unpleasant  smell,  and  to  render  it  available  as  a  source  of  heat  for  generating 
steam,  distilling  tar,  evaporating  liquors,  or  drying,  it  was  led  through  an  under- 
ground tunnel  to  a  furnace,  where  it  burnt  with  a  flame  from  6ft.  to  10ft.  high, 
6ft.  long,  and  6in.  thick. 

In  working  with  the  chimney  draught  it  had  become  apparent  that  the 
quantity  of  charcoal  produced  from  the  peat,  as  it  passed  from  the  top  of  the 
kiln  to  the  fire-grate,  was  very  much  greater  than  was  requisite  for  distilling  off 
the  tar  from  the  subsequent  charge  of  peat,  and  consequently  there  was  consider- 
able waste  of  time,  besides  other  obvious  disadvantages,  involved  in  the  combus- 
tion of  this  surplus  fuel.  Td  remove  this  obstacle  to  the  increase  of  the  quantity 
of  peat  worked  in  the  kilns,  an  arched  opening  was  made  in  each  kiln,  just  above 
the  fire-grate,  and  fitted  with  a  door,  through  which  the  charred  peat  could  be 
drawn  out  at  intervals,  in  such  quantity  as  to  leave  only  just  enough  to  serve  as 
fuel  for  distilling  the  peat.  This  plan  could  not  be  regularly  carried  out  during 
the  last  winter,  on  account  of  the  danger  of  opening  the  doors  of  the  kilns 
during  high  winds  while  the  front  of  the  kilns  was  unprotected  by  sheds.  It 
was  nevertheless  found  that  by  drawing  out  the  surplus  charcoal  the  quantity  of 
peat  worked  was  very  much  increased,  and  a  very  much  more  considerable 
advantage  would  have  been  gained  in  this  respect  if  the  removal  of  the  charcoal 
could  have  been  effected  independently  of  the  weather. 

In  illustration  of  the  effect  of  these  improved  arrangements  it  may  be  men- 
tioned that  the  quantity  of  peat  worked  was  considerably  greater  than  when 
working  with  the  chimney  draught,  being  in  all  cases  upwards  of  70  tons  a 
week,  and  while  the  weather  was  favourable  for  drawing  the  surplus  charcoal, 
upwards  of  100  tons  a  week.  The  yield  of  tar  was  also  increased  to  the  extent 
of  7'5  per  cent,  of  the  peat  worked,  and  was  on  the  average  as  much  as  7  per 
cent.  The  number  of  men  required  for  working  the  kilns  was  also  much  smaller 
than  was  the  case  while  working  with  the  chimney  draught.  These  results  were 
in  every  respect  very  much  more  favourable  than  what  had  been  anticipated  at 
the  outset,  inasmuch  as  the  cost  of  the  tar,  instead  of  being  £5  per  ton,  was 
under  £3  per  ton,  while  on  the  other  hand  the  quantity  made  per  week,  instead 
of  being  only  6  tons,  was  upwards  of  7  tons,  and  was  also  in  a  fair  way  of  being 
increased. 

One  of  the  products  obtained  from  the  peat  tar  was  a  burning  oil  of  excellent 
quality,  similar  to  paraffin  oil  and  the  oil  obtained  from  American  petroleum. 
It  was  sold  last  winter  in  Glasgow,  under  the  name  of  lignole,  and  was  examined 
by  Dr.  Anderson,  who  expressed  his  opinion  that  it  would  compare  favourably 
with  the  best  varieties  of  mineral  oils  obtained  from  coal.  The  production  of 
this  oil  is  an  important  feature  of  novelty  in  the  working  of  peat. 

The  heavier  oil  obtained  from  the  tar  would  burn  very  well,  but  it  requires  a 
different  form  of  lamp  from  that  generally  employed  now  for  the  hydro-carbon 
or  so-called  paraffin  oils.  When  mixed  with  fat  oils  it  form^  a  good  lubricator. 
Some  samples  of  this  oil,  mixed  in  proportions  suitable  for  the  spindles  of 
cotton  machinery,  were  examined  by  Dr.  Bankine,  of  Glasgow,  who  reported  on 
them  as  follows.     The  standard  of  comparison  was  sperm  oil : — 

"  The  following  table  shows  the  results,  the  oils  being  arranged  in  the  order 
of  their  friction-reducing  powers,  as  shown  by  the  number  of  revolutions  made 
by  the  spindle : — 

Relative  lubri-  Number  of 

eating  power.  Revolutions. 


OilNo.  5    101 

Sperm  oil    100 

Oil  No.  3    98 

OilNo.2    97 

OilNo.  1    85 


416 

411J 

404 

4011 

349i 


"The  conclusions  are  that  the  oil  No.  5  is  somewhat  superior  to  sperm  oil  as  a 
lubricant,  and  Nos.  3,  2,  and  1,  somewhat  inferior ;  but  in  the  case  of  Nos.  3 
and  2  the  inferiority  is  only  slight." 

"Ihave  not  yet  hadan  opportunity  of  testing  by  direct  experiment  the  lubricating 
effects  of  these  oils,  or  of  compounds  containing  them,  on  the  bearings  of  large 
and  heavy  machinery.  The  principal  difference  required  in  unguents  for  different 
kinds  of  machinery  depends  on  the  intensity  of  the  pressure  at  the  bearings  ; 
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the  more  intense  pressures  requiring  thicker  or  more  viscid  unguents,  that  they 
may  resist  the  tendency  of  the  pressure,  to  force  them  out.  Additional  thickness 
is  given  to  an  unguent,  when  required,  by  dissolving  a  sufficient  quantity  of  solid 
greasy  matter  in  the  oil ;  aud  from  previous  observation  of  the  properties  of 
unguents  containing  oils  analagous  in  their  chemical  character  to  those  with 
which  I  have  been  furnished  from  the  Lews  Chemical  Works,  I  am  satisfied  that 
the  latter  oils  may  easily  be  thickened  in  the  same  manner,  so  as  to  adapt  them 
to  any  intensity  of  pressure  at  the  bearings  to  which  they  may  be  applied." 

The  apparatus  by  means  of  which  these  oils  was  tested,  as  regards  their 
application  to  cotton  machinery,  consisted  of  a  cotton  spindle,  supported  in  a 
vertical  position  upon  a  pivot  lubricated  with  the  oil  to  be  tested,  and  carrying  a 
fly   or  revolving  disc.     This  spindle  is   set  in  motion  by  a  constant  weight, 


descending  through  a  constant  height,  and  allowed  to  revolve  freely  until  it  stops 
of  itself,  the  whole  number  of  revolutions  made  before  stopping  being  counted 
by  the  aid  of  suitable  mechanism.  The  greater  that  number  of  revolutions,  the 
more  perfect  is  the  lubrication  produced  by  the  oil ;  and,  inasmuch  as  the  bearing 
at  which  the  friction  is  tested,  is  that  of  an  actual  cotton  spindle,  the  results  of 
the  experiments  give  a  peculiarly  satisfactory  test  of  the  qualities  of  the  oils  for 
lubricating  these  bearings,  and  bearings  of  light  machinery  in  general. 

Having  already  referred  to  the  Irish  Peat  Company's  works,  and  to  the  results 
obtained  there,  I  would  now  wish  briefly  to  point  what  appears  to  have  been  the 
circumstances  which  contributed  to  the  signal  failure  of  that  undertaking.  Table 
III.  contains  a  comparative  statementof  the  results  anticipated  from  the  working 
of  Irish  peat,  and  of  the  results  actually  obtained. 
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Together  with  these  results  are  given,  also,  comparatively,  the  results  obtained 
at  the  Lews  works  by  myself. 

The  prices  set  down  for  peat,  and  for  the  products  obtained  from  it,  are  the 
game  in  different  caws,  except  in  the  statement  of  the  working  results  of  the  Irish 
works  in  1855.  In  that  case  the  cost  of  the  peat  is  set  down  as 4s.  per  ton,  a* 
reported  in  one  of  the  official  documents  of  the  Company  to  have  been  the  cost. 
The  value  assigned  to  the  oil,  in  this  case  also,  is  not  5s.  per  gallon,  as  given  in 
the  Company's  report,  but  2s.  per  gallon,  which  I  believe  to  be  nearer  its  true 
value,  and  which  admits  of  the  results  being  compared  with  the  other  cases,  in 
which  that  is  the  value  set  upon  the  oil. 

The  difference  between  the  anticipated  and  the  actual  value  of  the  ainmoniacal 
—.i  1 1 ^ ,  acetate,  and  naphtha,  produced  from  the  peat,  is  strikingly  great)  and  I 
think  it  affords  sufficient  confirmation  of  the  opinion  I  have  already  expressed  as 
to  the  impropriety  of  regarding  these  products  as  constituting  any  source  of  profit 
in  working  peat,  except  when  the  manufacture  of  the  other  product  is  in  itself 
remunerative. 

Bat  if  these  products  are  disregarded,  the  amount  of  oils  and  paraffin  yielded 
by  the  Irish  peaf  is  SO  small,  ;  8  compared  with  the  cost  of  production,  as  to  leave 
■  nihility  nl  profit.  In  addition  to  this  it  may  he  mentioned  that  the  quality 
of  the  oil  produced  at  the  Iri-.li  worki  was  very  inferior,  and  bore  do  comparison 
to  that  of  the  oil  produced  at  the  Lews  works.  The  manufacture  of  burning  oil, 
Indeed,  was  not  attempted  at  the  Irish  works,  in  consequence  of  the  offensive 
smell  which  the  lighter  portion  of  the  oil  possessed. 

On  the  other  hand,  the  yield  of  oils  and  paraffin  from  Lews  prat  is  from  three 
to  four  times  as  great  as  that  obtained  from  the  Irish  peat,  while  the  cost  ol 
working  is  but  very  slightly  greater.  The  cost  of  peat  in  the  two  cases  is  also 
very  different;  for  while  in  Lews  the  pent  never  coal  more  than  2f.  id.  per  ton, 
and  has  since  been  obtained  al  a  much  lower  rate,  the  oost  of  peal  at  the  Irish 
works  was  4s.,  and  even  as  much  as  8».  and  7*.  per  ton,  a  circumstance  which  in 
II  would  be  inconsistent  witli  the  possibility  of  working  even  inch  peat  u  thai 
of  Lews. 

With  these  facts  so  clearly  apparent,  it  u  oof  a  mutter  for  surprise  that  the 
results  obtained  nl  the  Irish  works  were  not  sufficient  i,,  afford  a  return  for  the 
enormous   expenditure  of  capital  on   the  works  that  were  established  :  and   to 

those  who  take  an  interest  in  the  subject  of  peal  working  if  musl  be  a  lour f 

regret  that  the  attempt  to  work  the  Irish  peal  was  made  and  followed  up  with 
such  rash  precipitation  and  with  sa  little  preliminary  examination  of  the  capabili- 
ties of  the  material  for  working  w  hich  such  a  large  investment  was  made.  '  fader 
any  circumstances  the  working  of  peal  is  surrounded  by  man]  Mrioni  diffli  nltiei 
as  regards  both  its  establishment  and  prosecution.  The  dish  lots  when-  peal  ocean 

generally  wild  and  remote,  destitute  ol  all  those  appliances  and  facilitii 
industrial  operations  which  arc  to  be  met  with  in  more  cultivated   parte  of  the 


country  ;  the  climate  inhospitable  and  unfavourable  for  out-door  work,  and  the 
inhabitants — accustomed  to  a  rude  mode  of  life,  disliking  work,  and  strenuously 
opposed  to  anything  differing  from  their  customary  habits — arc  not  easily  trained 
to  systematic  labour.  Hut  these  arc  not  impassable  barriers ;  they  arc  merely 
obstacles  which  are  to  be  overcome  by  patient  perseverance,  and,  from  the 
practical  experience  I  have  had  of  this  subject  during  the  last  four  years,  I  feel 
convinced  that  such  peat  as  that  occurring  in  the  Western  Islands  and  in  the 
Highlands  of  Scotland,  may  be  worked  advantageously  :  and  that,  if  the  manu- 
facture of  these  oils,  which  have  now  become  such  an  important  article  of 
commerce,  be  carried  Out  with  earnestness  and  perseverance,  it  will  become  a 
means  of  greatly  tmproi  ing  the  condition  of  those  districts  in  every  respect,  and 
a  fertile  source  of  profit  to  those  who  carry  it  out. 


Siiippin-6  Statistics. — The  following  table  supplies  the  number  and  tonnage 

of  all   registered  vessels,   both    sailing   and   steam-propelled,   belonging   to  each 

division  of  the  United  Kingdom,  together  with  the  Dumber  of  the  orewa  em- 
ployed in  navigating  the  same,  in  each  of  the  five  years  from  1857  to  1861,  in- 
clusive : 

Vessels.  I  OS  .  Crews. 

..  20,485  8,694,687  167,8 

..  20,868  8,676,181  168,608 

„  21,082  8,694,287  168,84  I 

..  21,1X17  8,708,616  168,416 

..  81,484  3,862,884  178,200 


England  „ 


L867 

1868 

•.]       -\      Is;,:  I 

I860 
1861 

l  B67 
L869 

I  Mill 

1869 
I860 
1861 


United 


:i:,i  is 
8648 
8618 
8486 
8410 

2296 

8947 
2271 

26,219 

26,764 
87,148 


639,667 
662,676 
646,442 
628,791 
626,487 
267,188 

261 1,6 1 1 

247,680 

1,481,877 

1,687,893 
1,691,260 


82,166 
82,862 

81,682 
82,039 

i  I  167 
I  1,289 
18,971 
14,109 

i  ,. ...  , 

814,407 
216,764 

■ji  i.ji'i; 
819,199 
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Notices  to  Correspondents. — Recent  Legal  Decisions. 


["The  Abtizaw, 
L    Feb.  l,  1863. 


REVIEWS  AND  NOTICES  OE  NEW  BOOKS. 


"Every  Man's  own  Lawyer  :  a  handy  booh  of  the  principles  of  Law  and  Eqmty, 

comprising  the  rights  and  wrongs  of  Individuals,  fyc.     By  a  Barrister. 

London :  Lockwood  and  Co.,  1863. 
When  Sugden  the  eminent  lawyer  produced  a  work  somewhat  similar  to  the  one 
under  notice,  he  was,  we  believe,  the  first  who  successfully  condensed  in  a  read- 
able shape  for  non- professional  men  the  principles  of  law  and  equity,  in  connec- 
tion with  the  every  day  relations  of  individuals ;  but  he  very  properly  avoided 
the  error  of  recommending  every  man  to  become  his  own  lawyer. 

The  object  with  which  the  first  work  was  written,  has  been  very  successfully 
carried  out,  and  the  vast  number  of  subjects  of  which  the  book  treats  are  very 
clearly  placed  before  the  reader. 

This  book  must  prove  of  great  service  to  men  of  business,  and  we  think      A 
Barrister"  has  not  done  himself  full  justice  in  the  statement  that  the  "price 
6s.  8d.  may  be  saved  at  every  consultation,"  for  we  believe  that  a  timely  refer- 
ence to  this  work  may  save  the  possessor  from  ruinous  entanglement  in  the 
;  meshes  of  the  law, 


A  Practical  Treatise  on  the  Law  relating  to  Mines  and  Mining  Companies. 

By  Whitton  Arundell,  Attorney-at-Law.    London  :  Lockwood  and  Co., 

1863. 
This  is  another  of  the  "handy  books"  relating  to  the  special  laws  affecting  Mines 
and  Miners,  and  the  author  has  brought  together,  in  a  conveniently  small  com- 
pass, a  vast  amount  of  valuable  information  on  the  nature  of  the  property  in 
mines,  and  its  transfer;  on  mining  partnership  of  various  forms  ;  on  the  work- 
ing of  mines,  and  the  rights  of  owners  and  others.  Of  the  rights  of  water  and 
way;  the  rating  of  mines;  of  the  Stannaries  Court  and  its  jurisdiction,  and  nume- 
rous other  important  and  interesting  matters  in  which  most  of  those  interested 
in  mines,  either  as  owners  or  investors,  are  deeply  concerned. 

Mr.  Arundell's  book  should  be  possessed  by  every  one  interested  in  British 
Mines. 

Contribution  toivards  a  History  of  Electro-Metallurgy,  establishing  the  origin 

of  the  Art.    By  Henry  Dircks,  C.E.    London  :  E.  and  E.  N.  Spon.     1863. 

Crown  8vo.,  pp.  120. 

We  have  in  this  volume  a  collection  of  the  papers  written  by  Mr.  Dircks 
during  the  years  1844-52  in  various  publications. 

Professor  Jacobi  appears  to  have  discovered  a  means  of  engraving  by  galvanism, 
and  Mr.  C.  J.  Jordan,  of  Liverpool,  communicated  a  process  he  had  invented 
for  that  purpose,  and  which,  it  is  said,  he  published  on  the  8th  of  June,  1839. 
It  also  appears  that  Mr.  T.  Spencer  wrote  to  the  Liverpool  Polytechnic  Society 
on  the  9th  of  May,  1839,  stating  he  had  an  invention  which  he  considered  to  be 
similar  to  Jacobi's,  and  that  he  would  shortly  communicate  it,  which  promise 
he  fulfilled,  but  not  until  the  12th  of  September,  1839.  Mr.  Dircks  does  cham- 
pion for  Mr.  Jordan  most  valiantly,  in  the  course  of  which  the  history  of  electro- 
metallurgy, and  more  particularly  the  special  branch  of  that  science  to  which 
we  have  alluded,  is  admirably  brought  out. 

We  consider  that  Mr.  Dircks's  work  will  for  ever  settle  the  question,  and 
stamp  Mr.  C.  J.  Jordan,  printer,  as  the  true  and  first  inventor  of  electro-metal- 
lurgy, through  his  publication  of  the  process,  on  the  8th  June,  1839.  Mr.  Dircks 
combats  the  question  vigorously  in  all  its  minute  ramifications,  with  candour, 
always  keeping  to  the  main  point.  It  is  not  often  that  such  investigations  are 
carried  through  with  equal  good  temper  ;  and,  considering  it  commenced  in  1844, 
had  to  be  taken  up  again  in  1852,  and  is  now  published  as  a  matter  of  scientific 
history,  it  is  evident  that  Mr.  Dircks  is  quite  at  home  in  this  subject.  We  com- 
mend a  perusal  of  the  work  to  our  readers. 


The  History  of  the  Sewing  Machine  from  the  Year  1750. 
London  :  8,'  Ludgate  Hill,  1863. 


By  N.  Salamon. 


In  a  pamphlet  of  over  100  pages,  the  author  has  given  a  history  or  biographical 
sketch  of  Mr.  Elias  Howe,  the  American  inventor  of  the  Sewing  Machine  which 
was  first  introduced  into  this  country  by  him,  but  patented  and  known  as 
Thomas's  Machine,  and  which  machine  has  since  been  improved  upon  and 
introduced  to  an  enormous  extent  for  sewing  and  manufacturing  fabrics,  and 
articles  of  almost  every  description. 

The  history  of  the  Howe  Sewing  Machine  in  particular,  and  Sewing  Machines 
in  general,  is  one  of  great  interest.  Mr.  Saloman  attacks  the  present  condition 
of  the  law  relating  to  Patents  for  Inventions,  and  some  of  his  strictures  are 
deservedly,  yet  properly  severe,  but  he  is  nevertheless  a  little  at  sea  in  this 
branch  of  his  subject,  whilst  he  is  quite  at  home  when  he  confines  himself 
strictly  to  the  history  of  the  sewing  machine. 


NOTICES    TO    CORRESPONDENTS. 

Aspel—  The  vessel  is  fitted  with  Messrs.  Randolph,  Elder  and  Co.'s  patent 
inverted  cylinder  engines,  with  internal  gearing  (iron).  There  are  four  cylin- 
ders (steam  jacketted),  viz.  two  of  62  in.  diameter,  and  two  of  31  in.  3ft.  3in. 
stroke.  The  piston  makes  40  strokes  per  minute,  and  the  screw  makes  100 
revolutions  per  minute.  There  are  two  tubular  boilers  10ft.  diameter,  16ft. 
long,  fired  at  both  ends,  fore  and  aft,  total  heating  surface,  including  super 
heater,  4200ft.  There  are  eight  furnaces,  3ft.  wide  by  4  ft.  long ;  total  fire 
grate  area  96ft.;  temperature  of  steam,  320°;  pressure  of  steam,  371bs.; 
vacuum  in  condenser,  28in.;  surface  in  ditto,  2400ft. ;  tubes  Jin.  diameter,  6ft, 
6in.  long. 


RECENT    LEGAL    DECISIONS 

AFFECTING  THE  ARTS,  MANUFACTURES,  INVENTIONS,  &o. 


Undee  this  heading  we  propose  giving  a  succinct  summary  of  such  decisions  and  other 
proceedings  of  the  Courts  of  Law,  during  the  preceding  month,  as  may  have  a  distinct 
and  practical  bearing  on  the  various  departments  treated  of  in  our  Journal:  selecting 
those  cases  only  which  offer  some  point  either  of  novelty,  or  of  useful  application  to  the 
manufacturer,  the  inventor,  or  the  usually — in  the  intelligence  of  law  matters,  at  least 
— less  experienced  artizan.  With  this  object  in  view,  we  shall  endeavour,  as  much  a* 
possible,  to  divest  our  remarks  of  all  legal  technicalities,  and  to  present  the  substance 
of  those  decisions  to  our  readers  in  a  plain,  familiar,  and  intelligible  shape. 


Geneeal  Steam  Navigation  Company  v.  Mare. — This  action  was  brought  against 
the  defendant,  who  formerly  carried  on  business  as  a  shipbuilder  at  Millwall,  for  breach 
of  contract,  by  which  lie  agreed  to  build  a  certain  ship  for  the  plaintiffs.  The  defendant 
became  a  bankrupt,  but  the  bankruptcy  was  annulled,  and  he  entered  into  a  deed  of 
arrangement  with  his  creditors.  At  the  trial,  which  took  place  at  the  Guildhall,  before 
the  Lord  Chief  Baron,  a  verdict  was  returned  for  the  plaintiffs — damages,  £290  8a.  8rf.  for 
stores,  £709  17s.  paid  to  his  assignees  for  finishing  the  vessel,  and  £700  for  penalties  of 
£10  each  for  70  days.  The  case  now  came  before  the  Court  upon  a  rule  for  a  new  trial, 
and  in  the  course  of  the  arguments  it  was  agreed  between  the  parties  to  draw  up  all  the- 
faets  in  the  shape  of  a  special  ease,  and  to  bring  it  on  again  for  argument. 

Willis  v.  Davison. — In  this  case  a  rule  nisi  had  been  granted  for  a  new  trial.  It  was 
an  action  brought  against  the  defendent  to  recover  damages  for  the  infringement  of  the 
plaintiff's  patent  for  improvement  in  the  manufacture  of  organs.  The  action  was  tried 
at  Guildhall  before  Lord  Chief  Justice  Cockburn,  when  the  verdict  was  entered  for  the 
plaintiff,  subject  to  leave  reserved  to  the  defendent  to  move  to  enter  the  verdict  for  him. 
The  objects  sought  to  he  obtained  by  the  invention  were  to  give  a  rapid  utterance  to 
organ  pipes  of  large  dimensions  with  a  decreased  expenditure  of  muscular  power  on  the 
part  of  the  organist;  to  improve  the  effect  of  the  swell  organ,  and  bring  the  tones  of 
the  pipes  in  the  swell  box  under  more  pefect  command  than  heretofore ;  to  steady  the 
action  of  the  bellows,  levers,  drawstops,  swell  shutttevs,  composition  pedals,  and  like 
moving  parts,  and  to  prevent  all  unnecessary  friction  between  vibrating  arms  aud  levers, 
and  their  bearings  or  chases — to  bring  the  stops  more  thoroughly  under  the  command  of 
the  performer,  so  that  he  could  effect  a  variety  of  changes  by  putting  in  or  drawing  out 
such  stops  as  might  be  required  without  the  use  of  pedals  as  heretofore,  and  without  re- 
moving Ins  hand  from  the  keyboard,  and,  lastly,  to  effect  a  saving  of  space,  by  improv- 
ing the  arrangement  of  some  of  the  internal  parts  of  the  organ.  After  hearing  the 
lengthened  arguments  of  the  learned  counsel  on  both  sides.  The  Court  made  the  rule 
absolute  to  enter  the  verdict  for  the  defendant.     Rule  absolute  accordingly. 


NOTES  AND  NOVELTIES. 


OUR  "NOTES  AND  NOVELTIES"  DEPARTMENT— A  SUGGESTION  TO  OUR 
READERS. 

We  have  received  many  letters  from  correspondents,  both  at  home  and  abroad,  thanking 
us  for  that  portion  of  this  Journal  in  which,  under  the  title  of  "Notes  and  Novelties," 
we  present  our  readers  with  an  epitome  of  such  of  the  "events  of  the  month  preceding" 
as  may  in  some  way  affect  their  interests,  so  far  as  their  interests  are  connected  with 
any  of  the  subjects  upon  which  this  Journal  treats.  This  epitome,  in  its  preparation, 
necessitates  the  expenditure  of  much  time  and  labour ;  and  as  we  desire  to  make  it  as 
perfect  as  possible,  more  especially  with  a  view  of  benefiting  those  of  our  engineering 
brethren  who  reside  abroad,  we  venture  to  make  a  suggestion  to  our  subscribers,  from 
which,  if  acted  upon,  we  shall  derive  considerable  assistance.  It  is  to  the  effect  that  we 
shall  be  happy  to  receive  local  news  of  interest  from  all  who  have  the  leisure  to  collect 
and  forward  it  to  us.  Those  who  cannot  afford  the  time  to  do  this  would  greatly  assist 
our  efforts  by  sending  us  local  newspapers  containing  articles  on,  or  notices  of,  any  factsi 
connected  with  Railways,  Telegraphs,  Harbours,  Docks,  Canals,  Bridges,  Military 
Engineering,  Marine  Engineering,  Shipbuilding,  Boilers,  Furnaces,  Smoke  Prevention, 
Chemistry  as  applied  to  the  Industrial  Arts  (for  which  we  are  chiefly  indebted  to  the 
Chemical  News),  Gas  and  Water  Works,  Mining,  Metallurgy,  &c.  To  save'time,  all  com- 
munications for  this  department  should  be  addressed  "  19,  Salisbury-street,  Adelphi 
London,  W.C."  and  be  forwarded,  as  early  in  the  month  as  possible,  to  the  Editor. 


MISCELLANEOUS. 

Machine  Belting. — Messrs.  Spill  and  Co.,  of  Hackney  Wick,  have  taken  out  a  patent 
for  machine  belting,  the  peculiarities  of  which  are  that  it  is  made  of  the  best  llax  yarn, 
and  woven  into  one  solid  mass  by  powerful  steam-power  looms,  all  this  warp,  or  shuttle 
twine,  being  first  soaked  in  water,  so  that  the  rack,  on  shutting  the  warp  up  into  its 
place,  may  not  meet  with  any  of  the  opposition  that  hard  yam  would  present.  The 
belting  is  made  in  three  substances,  and  India  rubber,  of  the  very  best  quality,  is  passed 
on  to  the  band  while  it  is  travelling  through  rollers,  so  that  the  gum  may  be  squeezed 
into  every  opening,  or  partition,  between  the  mass,  thus  rendering  the  whole  more 
pliable,  stronger,  and  about  half  the  price,  in  wide  bands,  than  is  paid  for  leather.  The 
bands  in  question  can  be  laced  with  a  common  thong,  in  the  same  way  as  leather,  and 
are  equallv  free  from  trouble.  No  3  substance  has  90  warps  to  the  inch,  and  each  warp 
is  capable"of  sustaining  a  strain  of  501bs.  Official  experiments  applied  to  these  bands 
testify  to  the  above  facts. 

Pbepabing  Iron  Plates,  &c. — The  three  months'  trial  of  Mr.  Roper's  method  for 
preparing  iron  plates,  and  of  his  composition  for  preventing  the  oxidisation  of  plates 
used  for  ships,  having  been  concluded  at  Portsmouth,  the  test-plate,  which  had  been  im- 
mersed during  the  above-named  period,  was  raised  to  ascertain  its  condition  after  the 
lengthened  immersion.  The  result  was  most  satisfactory  to  the  inventor,  and  the  plan 
was  proved  a  success.  The  side  prepared  according  to  Mr.  Roper's  plan  presented 
almost  the  same  clean  and  even  surface  as  it  did  when  first  immersed,  while  the  reverse 
side,  not  having  been  prepared,  was  considerably  corroded,  thus  proving  the  necessity  of 
using  the  composition. 

Asphaltcm  Oil. — Mr.  Dollfus  has  discovered  that  the  heavy  oil,  extracted  from  the 
asphaltum  and  bitumen  of  peckelbroun,  is  the  best  and  most  economic  substance  for 
preventing  the  incrustation  of  steam  boilers.  A  thin  coating  of  the  oil  is  painted  over 
the  interior  of  the  boiler  every  time  the  boiler  is  cleaned.  By  this  means  incrustation  is 
entirely  prevented,  less  fuel  is  required  to  keep  up  the  steam,  and  the  boilers  do  not  burn 
out  so  fast. 
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Trial  of  Steam  Fire  Engines. — On  the  15th  nit.,  an  interesting  trial  of  the  "Deluge" 
and  Torrent,  two  engines  constructed  by  Messrs.  Merryweather  and  Son,  took  place  at 
the  West  Ham  Abbey  Print  Works,  where  every  facility  for  this  purpose  was  afforded  by 
James  Kayess,  Esq.,  the  proprietor.  The  "  Deluge"  is  the  engine  which  was  exhibited  in 
the  International  Exhibition  last  year,  and  the  Torrent  is  a  new  engine  of  the  class  de- 
nominated "light  steam  fire  engines"  by  the  manufacturers.  This  engine  can  be  easily 
drawn  by  a  few  men  or  one  horse,  more  rapidly  by  a  couple  of  horses,  and  has  a  cylinder 
6}in.  diameter,  with  a  12in.  stroke,  the  pump  being  double-acting,  4Jin.  diameter,  with 
the  same  stroke  as  the  steam  piston ;  and,  by  a  simple  arrangement  of  the  oiling  appara- 
tus, the  piston  lubricates  itself  at  each  stroke.  The  water  passages  and  valves  are  placed 
beneath  the  pnmp,  are  easy  of  access,  and  there  is  no  fear  of  freezing.  They  will  allow 
the  use  of  foul  water  without  obstruction.  The  engine  has  no  fly-wheel,  but  the  slide  is 
moved  by  a  very  ingenious  arrangement,  which  enables  a  very  slow  or  very  quick  move- 
ment of  piston  to  be  obtained  at  pleasure.  The  boiler  is  constructed  in  accordance  with 
Messrs.  Merryweather's  patent,  and  does  not  prime.  It  has  an  injector  for  feeding,  and 
can  also  be  fed  from  the  main  pump.  This  engine  is  mounted  on  a  strong  wrought  iron 
frame,  and  is  attached  to  the  fore  carriage  in  such  a  manner  that  it  can  be  taken  over 
the  roughest  roads  with  ease  and  safety,  and  its  high  wheels  and  springs  make  it  less 
liable  to  injury  frem  rough  work.  Means  are  provided  for  carrying  hose,  suction  pipes 
and  all  the  necessary  apparatus,  with  room  for  the  men  to  ride,  and  it  has  coal  bnnkers 
and  a  water  tank  provided,  so  that  it  takes  a  sufficient  supply  of  both  to  insure  no  loss  of 
time  in  getting  to  work.  The  first  trials  were  made  at  930  a.m.,  when  the  Torrent,  lift- 
ing the  water  between  5ft.  and  6ft.  fas  did  also  the  Deluge),  worked  through  jets  of  lin. 
and  ljin. — also  through  two,  one  of  Jin.  and  one  of  Jin.— giving  good  proof  that  good 
work  would  be  done  through  two  fin.  jets.  The  pressure  in  the  pump  never  exceeded 
1201b.,  and  and  that  in  the  boiler  averaged  from  1301bs.  to  140lbs.  The  chimney  at  the 
works,,  120ft.  high,  was  easily  topped  by  this  engine  through'a  lfin.  jet,  although  "the  wind 
was  blowing  fresh.  This  engine  did  good  work  with  a  liin.  jet,  which  would  have  been 
very  efficacious  at  a  fire.  Air  vessels  are  fitted  on  each  delivery,  and  near  the  suction 
pipes  outlets  are  provided  for  attaching  two  lines  of  hose  ;  and  the  engine  will  throw 
2.50  gallons  of  water  per  minute  to  160ft.  in  height.  The  following  is  the  time  and 
pressure  of  steam  in  the  boiler  from  lighting  the  fire : — In  6}-min.  pressure  gauge  moved ; 
in  S  min.,  steam  2Jlb. ;  in  8min.  30  sec.,  steam  51b. ;  in  9  min.  10  sec,  steam  101b. ;  in  10 
rain.,  steam  201b. ;  in  10  min.  15  sec,  steam  251b. ;  in  10  min.  30  sec,  steam  351b. ;  in  10 
min.  15  sec,  steam  45;  in  11  min.,  steam  501b.;  in  11  min.  30  sec,  steam  601b.;  in  11 
min.  40  sec,  steam  701b. ;  in  12  min.,  steam  80 ;  in  12  min.  10  sec,  steam  90.  The  engine 
would  have  had  steam  much  quicker  had  not  the  stop  valve  been  kept  open  to  warm  the 
cylinder,  which  caused,  in  consequence,  a  rapid  condensation  of  the  steam.  The  Deluge 
threw  a  perfect  column  of  water  nearly  half  as  high  again  as  the  chimney,  the  jets  used 
being  ljiu.,  lfin.and  ljin.,  all  of  which  seemed  to  attain  about  the  same  height,  and 
the  pressure  in  the  pump  varied  from  1301b.  to  1401b.,  and  that  in  the  boiler  from  1201b. 
to  1301b.  The  engine  worked  through  four  jets,  each  Jin.  diameter,  and  had  time  per- 
mitted it  was  intended  to  have  used  four  of  fin.,  as  it  was  plain  that  there  was  steam 
power  over  and  above  what  would  have  been  required  for  them.  In  7J  min.  from  lighting 
the  fire  the  gauge  moved ;  in  9  min.,  steam  101b. ;  in  10  min.,  steam  20lb. ;  in  10  min.  30 
-<t.,  251b.  i  in  1 1  min.,  steam  30 ;  in  11  min.  30  sec,  steam  401b. ;  in  12  min.  10  sec,  steam 
1501b.,  when  the  engine  started  to  work.  An  illustration  and  detailed  description  of  the 
"  Deluge  "  will  be  found  in  our  series  of  Artizan  International  Exhibition  Supple- 
ments. 

Xi.w  Rbgbxatob  for  Temperatures.— A  Committee  of  the  French  Academy  of 
Sciences  reports  very  favourably  of  a  new  automatic  temperature  regulator  which  M. 
Eugene  Holland  has  attached  to  his  mechanical  roaster,  and  which,  the  committee  say, 
has  worked  for  eight  years  with  the  precision  of  a  piece  of  physical  apparatus  and  tlie 
certainty  of  a  practical  machine.  The  combustion  of  the  furnace  is  regulated  by  balance 
valves  on  tin-  pipes  tin. ugh  which  the  air  is  introduced,  which  valves  are  automatically 
governed  by  the  regulator.  This  regulator  consists  of  a  mercury  guage,  the  closed  branch 
of  which  is  attached  to  a  fixed  support,  while  the  cistern  is  freely  suspended  to  the  beam 
of  a  balance  ;  the  rarj  ing  weight  in  this  branch  will  cause  the  beam  to  assume  different 
position)!,  depending  on  the  temperature  of  the  apparatus,  which  variation  of  position 
may  be  used  to  govern  the  valve.  In  order  to  prevent  the  barometric  changes  from 
affecting  the  apparatus,  the  closed  end  of  a  syphon  barometer  (the  tube  of  which  is  of 
(be  same  diameter  with  the  guage)  is  attached  to  the  beam,  while  its  cistern  is  sustained 
by  the  fixed  support.  The  barometric  changes  will  then  effect  these  two  instruments 
equally  and  in  opposite  directions,  and  will,  consequently,  have  no  effect  on  the  position 
of  the  balance  beam. 

Beat's  Recently  made  Traction-Engine.— A  series  of  experiments  have  been  made 
at  Woolwich  Dockyard  before  the  principal  officials  with  a  view  to  test  the  efficiency  of 
anew  traction-engine,  manufactured  especially  for  dockyard  work.  The  machine  is  at 
once  a  traction-engine,  a  steam  derrick,  and  a  portable  steam-engine,  and  cannot,  there- 
fore, fail  to  prove  economic  in  use.  The  total  weight  of  the  engine,  boilers,  and 
appliances  complete  i  but  12  tons,  and  the  pressure  of  steam  which  can  be  used  is 
IZOlbs.  The  cylinder  is  7in.  in  diameter,  and  of  short  stroke,  and  the  efficiency  of  the 
whole  machine  was  really  remarkable— a  boiler  of  28  tons  weight  being  moved  about, 
with  the  greatest  facility  by  the  use  of  the  track,  whilst  the  derrick  proved  itself  cap- 
able of  raising  between  two  and  three  tons  with  ease.  It  was  shown  that  in  mill 
hour  could  be  attained  either  on  hard  or  soft  ground.  If,  however,  we  arc  not  mi  I 
Ifr.  James  Taylor,  of  tie-  Britannia  Works,  Birkenhead,  some  time  since  constructed  a' 
machine  which  has  been  found  to  give  very  satisfa  ,  and  which  appears  to  us 

to  be  nearly  identical  with  this  latest  modification  of  Bray's  traction-en    |ni 

EXTOSTS  of  STBAH  I  •>.'. im.s.— According  to  the  trade  and  navigation  returns  just  pub- 
lished, an  increase  ha    been  i  ffe  ted  in  the  number  of  steam  engines  made  and  exported. 

In  ten  months  ending  October  81,  lost  year,  the  value  ol        i i  sent  abroad  was 

£1,288,064,    The  value  of  the  export  in  the  ten  years  ending  1881,  wo    as  follows  — 
1852,    6338,222;    1X53,    £458,376 ;    1854,    6508,768;  is.55.  £883,370     186 
£1,069,249;   1868,   61,097,278;   1869,    6978,840;   I860,   61,288,383;  1861,  £1,248,467,     lire- 
.-ure^  that  British  steam  engines  were  never  in  greater  demand  ■ 
I    than  ai  pri  lenl 

Mili  •   Li  lao  imeofthe''MlllwallIronworkBond8hlplmilaing 

Oompanj  "an capital,  which  i    n 

to  work  with  effleicni  .  the  extensive  shipbuilding  yard  and  roiling  mills  hltl 

an  by  Mr.  C.  J.  Mare,  al   MUlwall.    The  yard  where  the  '•         /  .     built  and 

which  wa  .Mr.  More,  forms  a  port  of  the  premises  of  tho  now 

company. 

I"-'       I    :i1        !' ■  ■  tta     ince,  the  result  of  experiments  carried 

buryness,  to 

Hon  Iroi til  was  found  capable  of  resisting  rifled  ordnun r  n  di 

id  easily  pierced  the   itrongesl  combination  of  iron  platoa  and 

Captain  inglls,  having  reoenllj  with  certain  Improvement*  II  has 

and  n  repeal  has  best 

m  mii,  highly  favourable  to  the  Invention.  The  targe!  consists  of  iron  plates  or  bar-  placed 

hitherto  I i 

from  Irra  i  ron    and  U  hitwarth  guns. 
>•'•■*   Doobli   Acting  Pi  loth  ult  a  series  or  experiments,  with  a  view 

of  testing  the  pump  nml  I  bi    Mr 

Selpech,  wire  made  al   the  whnrl  ol  Messrs.  I  Potts, 

The  arnmgemenl  of  the  am  aratus  consists  of  a 


two  distinct  portions,  the  one  containing  the  cylinder  in  which  the  piston  moves,  and 
which  is  called  the  cylinder  chamber,  whilst  the  other  contains  four  elastic  balls,  acting 
as  valves  or  clacks,  and  is  called  the  ball  chamber.  The  cylinder  chamber  is  divided  into 
two  parts  by  a  diaphragm.  This  partition  is  provided  at  its  centre  with  a  round  opening 
for  the  cylinder,  which  is  open  at  both  ends,  and  between  its  extremities  and  the  chamber 
ends  a  space  is  left  for  the  circulation  of  the  liquid.  The  ball-chamber  is  also  divided 
internally  into  two  equal  compartments  by  a  vertical  partition,  each,  however,  communi- 
cating by  a  wide  opening  with  one  of  the  compartments  of  the  cylinder.  The  principal 
feature  of  the  pump,  however,  is  the  piston,  which  consists  of  two  flexible  cups,  turned 
back  to  back,  and  kept  in  position  by  metal  plates,  considerably  smaller  than  the  diameter 
of  the  cylinder.  The  object  of  this  arrangement  is  to  reduce  friction  to  the  minimum. 
The  advantages  claimed  for  the  pump  are — that  the  liquid  undergoes  no  interruption  of 
motion  from  the  dead  point ;  that  its  effective  force  is  extraordinary,  as  it  yields  nearly 
70  per  cent.,  and  that  mixture  of  ore,  rags,  or  other  foreign  matter  with  the  water  does 
not  interfere  with  its  working,  all  things  not  exceeding  one-half  the  diameter  of  the 
suction-pipe  being  easily  pumped  through.  It  will  at  once  be  seen  that  the  principle  of 
the  pump  is  precisely  the  same  as  that  involved  in  Warner's  double-acting  pump,  and 
Godwin's  flood-pump,  as  well  as  some  others ;  but  Mr.  Delpech  has  introduced  modifi- 
cations, or  improvements,  in  the  piston,  which  cannot  fail  to  pack  very  tight,  and  in  the 
substitution  of  ball-valves  for  the  usual  clack-valves. 

NAVAL  ENGINEERING. 

The  Columbine,  4,  screw  steam  gunvessel,  200-horse  power  has  been  taken  out  of  the 
fittting  basin  at  Sheerness,  and  after  being  fitted  with  Lumley's  patent  steering  appara- 
tus, was  on  the  23rd  ult.  taken  to  the  measured  mile  off  Maplin  Sands  for  trial.  The 
vessel  was  in  charge  of  Capt.  Charles  Wise,  A.D.C.,  Captain  Superintendent  of  Sheerness 
Dockyard.  As  previously  reported  in  The  Artizan,  the  Columbine  was  fitted  with  the 
ordinary  rudder  and  taken  out  on  trial  on  the  16th  of  December  last.  This  was  with  a 
view  to  compare  the  results.  At  the  first  trial,  with  the  old  rudder,  at  full  speed,  helm 
starboard,  at  an  angle  of  23  deg.,  the  circle  was  made  in  4  min.  26  sec. ;  with  the  new 
rudder,  helm  starboard,  at  an  angle  of  17  deg.,  the  circle  was  made  in  4  min.  10  see.  At 
the  second  trial,  with  the  old  rudder,  from  dead  stop,  helm  starboard,  at  an  angle  of  35i 
deg.,  the  circle  was  made  in  4  min.  30  sec  ;  with  the  new  rudder,  at  an  angle  of  30  deg., 
the  circle  was  made  in  4  min.  15  sec.  At  the  third  trial,  with  the  old  rudder,  at  full  speed, 
helm  port,  at  an  angle  of  I85  deg  ,  the  circle  was  made  in  5  min.  5  see. ;  with  the  new 
rudder  at  an  angle  of  18  deg.,  the  circle  was  made  in  4  min.  10  sec.  At  the  fourth  trial, 
with  the  old  rudder,  from  dead  stop,  helm  port,  at  an  angle  of  32  deg.,  which  fell  off  to 
27  deg.,  the  circle  was  made  in  4  min.  28  see. ;  with  the  new  rudder,  at  an  angle  of  30 
deg.,  which  fell  off  to  26  deg.,  the  circle  was  turned  in  4  min.  20  sec.  At  the  fifth  trial, 
with  the  old  rudder,  at  full  speed,  helm  starboard,  at  an  angle  of  11  deg.,  the  circle  was 
made  in  7  min.  48  sec. ;  with  the  new  rudder,  at  an  angle  of  10  deg.,  the  circle  was  made 
in  5  min.  40  see.  At  a  similar  trial  with  the  old  rudder,  with  the  helm  to  port,  the  circle 
was  made  in  7  min.  20  sec,  and  with  the  new  rudder  in  6  min.  40  see.  The  comparative 
diameters  of  circles  were: — Second  trial,  with  old  rudder,  818ft.;  new  rudder,  6251't. 
Third  trial,  old  rudder,  1,450ft. ;  new  rudder,  782ft.  Fourth  trial,  old  rudder,  551ft;  new 
rudder,  291ft.  Fifth  trial,  old  rudder,  673ft.;  new  rudder,  463ft.  When  testing  the  power 
of  the  old  rudder  the  trial  was  made  on  a  calm  day,  and  with  little  or  no  wind.  The  trial 
of  Lumley's  rudder  on  the  23rd  ult.  was  made  in  a  heavy  sea,  with  a  heavy  gale  of  wind 
blowing  from  SS.W.,  the  force  of  wind  being  from  7  to  8.  Capt.  Wise,  with  a  wish  to 
test  the  strength  of  the  new  rudder  in  the  most  efficient  manner  possible,  turned  the 
Columbines  stem  up  to  the  wind  in  the  teeth  of  the  gale  then  blowing  and  against  the 
heavy  sea,  and  directed  the  ship  to  be  steamed  astern  full  speed,  which  the  rudder 
answerd  in  a  most  admirable  manner,  proving  the  strength  and  efficiency  of  the  inven- 
tion when  applied  to  heavy  and  powerful  vessels,  and  under  the  roost  unfavourable  cir- 
cumstances. The  most  marked  improvement  was  evident  when  the  small  helm  was  given, 
such  as  11  or  12  deg.,  the  Lumley  rudder  then  gaining  as  much  as  two  minutes  in  describ- 
the  circle  over  the  old  rudder.  The  diameters  of  the  circles — the  true  tost  of  the  effi- 
ciency of  a  rudder — were  found  to  be  in  some  cases  as  much  as  50  per  cent,  iu  favour  of 
the  Lumley  invention.     The  trial  was  considered  most  satisfactory. 

The  "  Pyxades,"  21, 1278  tons,  has  taken  her  final  trial  trip,  at  the  measured  mile  off 
Maplin  Sands,  previous  to  her  departure  to  the  West  Indies.  The  Pyludei  is  fitted  with 
Penn's  horizontal  direct-acting  trunk  engines,  of  350-horso  power,  which  worked  ex- 
tremely well.  There  was  an  entire  absence  of  all  hot  hearings,  priming,  or  any  percept  i  hie 
vibration  from  the  machinery.  The  results  of  the  trial  worfl  : — Average  sgeed,  10'373 
knots  per  hour;  revolutions  of  engines,  63;  vacuum,  25;  pressure  of  steam,  201bs. 
Griffith's  screw",  pitch,  20ft. ;  diameter,  15ft.  9in.;  draught  of  water  forward,  loft.  9in 
aft,  19ft.  7in. 

French  Navy. — The  following  is  taken  from  the  report  of  the  French  Minister  of  the 
Marine.  At  the  present  time  the  number  of  steam  vessels  of  war  composing  the  active 
fleet  amounts  to  136,  including  the  24  gunboats  afloat;  but,  only  taking  into  aoeonnt  tho 
five  descriptions  of  vessels  set  down  in  the  tables  of  1862,  the  number  is  only  112,  divided 
as  follows  : — 

New  Mixed  Totals' 

Vessels.  Vessels.  J  0HU8 

Line  of  Battle  Ships 13        ...        23        ...        86 

Iron  cased  Frigates,  4       ...       —       ...         1 

Ordinary  Frigates, is       ...         n       ...       21 

Corvettes, 7       ...       —       ...        7 

Advice  Boats, 11       ...       —       ...       11 

S3  29  112 

The  above  list  gives  lor  ihe  new   fighting  (lcol  an  Increase  of  11  vessels  comp 
out,  w  1  -  one  ime  of  battle  ship,  of  900  horse  power,  which  has  been  a  long  time 
un  the  stocks;  two  iron  cased  nigatos;  throe  ordinarj  frigates  .  and  ib  advice  boats,  Bui 

pn  the  other  hand  oni  I  ha    been  lost  al  boo,  and  eight  bolouging  totl Id  fleet 

nave  been  condemned  as  no  1 forfll  for  service,  Lastly,  there  ore  afloat,  nearly  com- 
pleted, or  mal                          two  iron  cased  frigati      linarj  frigate,  two  advice 

and  two  floating  batteries, 
'  i  hi  ■  ■  I'll-..  ,    \iiiiii"     \  large  number  of  workmen  are  now  employed  al  tli 

raises  of  Messrs.  Samuda  upon  tbo  constru  I  U01     I   |i  ty's  armour-plated  screw 

cupola  ship  Prhiet  ilbtrt.    She  will  be  Iron  1  ascd  throughout  with  I'm.  plates,  and  fitted 

with  four  ar or  cai  ed  shields  or  cupolas,  of  Immi  u  10  1  length,  upon  Captain  Cole's  plan 

rscentl)  adopted  b;  ilty.    She  is  the  llrst  cupola  ship  laid  down  for  the  govern- 

ineiii.  and  is  named  tho  Prlnat  Albert  oj  rh    armament 

■  't'  this  magnl  wilt  consist  of  1  is,  tv 1  which  will  be 

fitted  in  each  cupola. 

dovolopmenl  of  an  iron  navy,    Mi 

C.  Mitchell  and  Co.,  shipowner  of  Nowcnstle-on-Tyne,  have  1 u  entrusted  with  all  the 

I  uvert  the  Govcrameul  dockyard  al  Bt,  Petersburg  inl 

iron    ihlpbnlldlng  yard.     Steai ■  ind  Other  machines  ol 

traction,  have  been  ilaocli    ter 1  London,    a  railway  will 

travel                  raid  and  communicate  with  the  workshops  and  building  slips, 

travelling  cranes  will  bo  erected  over  thi  performing 

t|                                        ......  ..,,.  ,. 
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Loss  of  the  Monitoe— This  famous  American  iron  clad  cupola  steamer  foundered  at  sea, 
south  of  Cape  Hatteras,  in  a  heavy  gale  on  the  29th  December  last,  whilst  on  her  voyage 
to  one  of  the  Southern  Ports.    We  have,  on  another  page,  given  two  illustrations  of  this 

Screw  op  the  "Royal  Oak."— This  iron  clad  frigate  shipped  her  spare  screw,  at 
Chatham  dockyard,  on  the  17th  ult.  The  screw-blade  of  the  propeller  is  Griffith's,  which 
by  a  recent  decision  of  the  Admiralty,  is  now  supplied  to  all  screw  ships  of  war.  In  the 
case  of  the  Royal  Oak,  however,  the  screw  has  been  subjected  to  some  alterations  and 
improvements  by  Messrs.  Maudslay,  the  most  important  of  which  appears  to  consist  in 
bolting  the  screw  blades  to  the  "  boss  "  with  flanges  instead  of  fixing  them  with  the  key 
and  wooden  wedges.  By  this  arrangement  the  blades  are  more  securely  attached,  while 
the  pitch  of  the  screw  may  be  readily  varied  when  required,  an  advantage  not  to  be 
obtained  in  the  present  construction  and  fittings  of  Griffith's  screw.  The  diameter  of 
the  screw  is  19ft.  3in.,  and  by  the  improvements  introduced  its  pitch  can  be  easily  and 
rapidly  varied  from  22ft.  6in.  to  27ft.  6in.,  with  an  ordinary  pressure  of  201b.  of  steam  to 
the  square  inch.  The  screw  will  make  60  revolutions  per  minute.  The  length  of  the 
iron  shaft  for  working  the  screw  is  109ft.,  and  the  weight  of  the  screw  19J  tons. 

The  New  Yacht  ordered  to  be  constructed  for  the  use  of  Her  Majesty  when  at  Osborne 
will  be  built  at  Pembroke  Dockyard,  according  to  designs  furnished  from  the  office  of  the 
Controller  of  the  Navy.  She  will  be  propelled  by  paddles  driven  by  engines  of  160-horse 
power,  from  the  manufactory  of  Messrs.  J.  Penn  and  Son,  will  be  of  considerably  more 
tonnage  than  the  Fairy,  and  will  have  a  somewhat  different  midship  section  from  that 
vessel.  The  Fairy  has  stood  unrivalled  for  a  number  of  years  past,  either  in  beauty  of 
form  or  rate  of  speed,  but  the  peculiar  roundness  of  her  bottom  has  rendered  her  a  very 
uneasy  vessel  in  crossing  Spithead  during  a  south-east  breeze.  Her  Majesty  has  experi- 
enced much  inconvenience  and  personal  discomfort  at  times  in  consequence.  The  Victoria 
and  Albert  large  paddle  yacht  has  been  used  on  several  occasions  to  convey  the  Queen 
when  there  was  very  rough  weather,  but,  as  she  could  not  approach  either  of  the  landing 
places  at  Cowes  or  Haslar,  the  Fairy  had  still  to  be  retained  as  a  means  of  transport  to 
and  from  the  large  yacht.  This  again  has  been  a  cause  of  much  personal  discomfort  and 
delay  to  Her  Majesty.  The  new  yacht  will  supply  the  means  of  crossing  between  the 
Isle  of  Wight  and  the  main,  under  any  circumstances  of  weather,  in  comfort  and  in 
safety. 

Iron-built  Armour-Plated  Vessels. — On  the  19th  ult.,  Mr.  T.  Barras  read  a  very 
interesting  paper  in  the  theatre  of  the  Royal  United  Service  Institution,  on  the  proposed 
plan  for  a  wholly  iron-made  armour-plated  vessel.  Captain  Fishbourne,  R.N.,  occupied 
the  chair.  The  view  taken  by  Mr.  Barras  of  the  subject  was  of  a  three-fold  character. 
He  said  that  a  ship  such  as  he  proposed  should  be  regarded  hydrostatically,  as  a  body 
designed  to  float ;  mechanically,  as  a  beam  subject  to  great  pressure;  and  in  the  third 
place  as  a  battery  designed  for  purposes  of  attack  and  defence.  A  ship  to  be  constructed 
on  his  principle  should  have  a  flat  bottom  amidships,  where  the  boilers  and  coal  bunkers 
were,  and  should  be  constructed  wholly  of  iron,  in  three  sheets  of  iron  plates,  riveted 
together  in  such  a  manner  as  to  be  protected  either  by  an  outer  or  inner  coat  of  the  plating. 
He  strongly  objected  to  a  ship  built  of  mixed  materials  differing  widely  from  each  other 
in  chemical  properties,  as  they  never  could  work  in  harmony  together.  One  point  con- 
nected with  the  present  construction  of  ships  demanded  consideration,  and  that  was  the 
destructive  electrical  action  which  took  place  in  salt  water  with  mixed  constructions  of 
iron  and  wood,  with  fastenings  of  brass.  It  was  this  electrical  action  that  caused  the 
high  ratio  of  illness  occurring  in  the  finest  armour-plated  ships,  and  the  curious  results 
elicited  by  La  Gloire.  As  for  the  present  system  of  shipbuilding,  the  probable  results 
might  be  anticipated — the  most  serious  and  ruinous  expenses  would  be  gone  to  on  ships 
that  could  not  be  expected  to  last  for  a  dozen  years ;  while  a  ship  constructed  as  he  pro- 
posed, he  ventured  to  affirm  would  be  an  efficient  ship  for  half  a  century,  it  not  longer. 
Mr.  Barras  entered  into  particulars,  tending  to  show  that  the  vessel  thus  put  together 
would  answer  all  purposes  for  which  she  would  be  required. 

Ventilation  of  Iron-cased  Frigates.' — The  plan  of  ventilation  which  is  now  being 
carried  out  on  board  the  frigate  Royal  Oak,  under  the  direction  of  Capt.  Fanshawe,  who 
is  the  inventor  of  the  system,  differs  in  several  respects  from  the  method  hitherto  adopted 
for  securing  ventilation  for  our  large  line-of-battle  and  other  ships.  As  applied  to  the 
Royal  Oak,  and  other  armour-plated  vessls  of  the  same  class,  it  promises  to  be  exceed- 
ingly effective.  In  securing  a  ventilation  of  the  main  deck,  comparative  little  difficulty 
will  be  experienced  ;  it  is  therefore  in  the  lower  deck  that  the  method  recommended  by 
Capt.  Fanshawe  will  be  more  particularly  adopted.  The  masts  of  the  Royal  Oak,  being 
of  iron,  and  all  hollow,  advantage  is  taken  of  this  to  make  them  air-shafts  for  carrying 
off1  the  vitiated  air  from  each  deck.  An  aperture  is  accordingly  made  in  each  mast,  which 
being  opened  and  closed  at  pleasure,  permits  the  foul  air  of  all  the  decks  to  be  carried 
upwards.  The  different  berths,  stores,  and  compartments  on  the  deck,  instead  of  being 
closed  up  as  in  ordinary  vessels,  are  supplied  with  gratings  by  which  the  foul  air  may 
escape.  The  essential  point  in  Capt.  Fanshawe's  system  is  that  there  shall  be  a  constant 
current  of  air  circulating  in  every  portion  of  the  vessel,  approximating  as  closely  as  possible 
to  the  upward  and  downward  currents  of  a  mine. 

_  The  Danish  Navy.— A  list  of  the  Danish  navy  and  its  officers  has  lately  been  pub- 
lished, from  which  is  derived  the  following  information.  The  Danish  fleet,  which  for 
the  last  year  has  been  growing  in  numbers,  has  now  began  to  diminish  on  account  of 
the  sailing  vessels  being  given  up  altogether,  and  partly  sold,  and  partly  going  to  be 
sold.  There  only  remains  two  ships  of  the  line,  two  frigates,  two  sloops,  two  brias,  and 
one  cutter.  Of  screw  propellers  there  are  in  the  water,  one  ship  of  the  line  of  64  guns, 
four  frigates  of  respectively  44,  42,  42,  and  34  guns,  three  sloops  of  16, 16,  and  12  guns  ; 
two  iron-clad  schooners  and  one  wooden  schooner,  each  of  3  guns ;  further,  six  iron 
screw  gun  boats,  each  of  two  guns ;  eight  paddle  steamers,  with  from  2  to  7  guns ;  and 
50  guns  boats,  and  28  transport  ships.  Moreover,  the  former  ship  of  the  line,  Dannebroq, 
is  being  altered  into  an  iron-clad  screw  sloop  of  400-horse  power,  with  fourteen  601b. 
guns,  and  one  heavier  gun ;  and  the  screw  frigate  Peder  Schram,  of  600-horse  power  and 
66  guns,  and  a  screw  schooner  of  150  horse-power  and  3  guns,  are  far  advanced.  The 
corps  of  officers  numbers  4  admirals,  29  captains,  23  lieutenant  captains  (commanders) 
and  85  lieutenants. 

The  Royal  Navy.— The  following  statement  of  the  condition  of  the  Royal  navy  at 
the  present  time  has  been  compiled  from  authentic  sources.  It  shows  that  there  are  287 
vessels  in  commission,  doing  duty  in  various  parts  of  the  globe.  The  total  number  of 
vessels  is  made  up  as  follows :  5  iron  screw  ships  from  16  to  40  guns  each,  3  iron-cased 
ships  of  34  guns  each,  1  iron-cased  screw  cupola  ship  of  5  guns,  67  screw  ships  from  31 
to  131  guns  each,  37  screw  frigates  from  6  to  51  guns,  26  screw  corvettes  from  13  to  22 
gun?,  36  screw  sloops  from  4  to  17  guns.  4  screw  floating  batteries  from  14  to  16  guns,  4 
screw  mortar  ships  of  12  guns  each,  2  iron  screw  floating  batteries  of  16  guns  each,  1  iron 
screw  sloop  of  8  guns,  1  iron  paddle  sloop  of  6  guns,  1  iron  screw  yacht,  1  iron  screw 
troop  ships  from  1  to  8  guns,  6  iron  screw  store  ships  ftom  1  to  4  guns,  15  iron  paddle 
vessels  from  1  to  6  guns,  1  iron  screw  vessel,  1  screw  surveying  vessel  of  5  guns,  47  screw 
gun  vessels  from  1  to  6  guns,  1  screw  store  ship,  26  paddle  vessels  from  1  to  6  guns  27 
paddle  sloops  from  3  to  6  guns,  15  paddle  Irigates  from  6  to  28  guns,  4  paddle  yachts  2 
paddfc  store  ships  of  4  guns  each,  1  Royal  yacht,  3  paddle  surveying  vessels,  10  paddle  tug 
vessels  from  1  to  3  guns,  2  paddle  gun  vessels  of  3  guns,  134  sailing  ships,  160  screw  gun- 
boats, 111  iioii-cllectivc  ships,  hulks,  &c,  engaged  in  harbour  service,  and  48  coast-guard 
tenders.  1  he  ships  now  building  comprise :  5  iron  screw  ships,  4  iron  cased  screw  ships 
1  iron  cased  screw  cupola  ship,  1  iron  cased  screw  corvette,  1  iron  cased  screw  sloop  3 
screw  ships,  4  screw  corvettes,  6  screw  frigates,  6  screw  sloops,  5  screw  gun-vessels,  9  screw 
gun-boat-',  and  2  paddle  despatch  vessels. 


Naval  Appointments. — The  following  Naval  appointments  have  taken  place  since  our 
last: — B.  Foreman,  Engineer,  to  the  Osprey ;  J.  Hill,  Engineer,  to  the  Cumberland,  as 
supernumerary;  J.  Stiven,  in  the  Edgar,  promoted  to  Engineer;  J.  P.  Lloyd,  in  the 
Sanspareil,  T.  Burnett,  in  the  Asia,  J.  Turner  (B),  in  the  Galatea,  W.  Todner,  in  the 
Cumberland,  A.  Waters,  in  the  Swallow,  E.  Eckersley,  in  the  Hastings,  for  the  Lark,  W. 
Fedarb,  in  the  Porcupine,  J.  T.  Page,  in  the  Hastings,  for  the  Sandfly,  and  H.  Knight,  in 
the  Hawk,  promoted  to  the  rank  of  Engineers ;  W.  Inglis  (A)  and  J.  R.  Hancock,  First- 
class  Assist.  Engineers,  and  J.  M.  Brankston,  Second-class  Assist.  Engineer,  to  the  Osprey; 
C.  M.  Keever,  First-class  Assist.  Engineer,  and  W.  M'Glashan,  Second-class  Assist.  Engi- 
neer, to  the  Cumberland ;  W.  H.  Wheatley,  First-class  Assist.  Engineer,  to  the  Fox; 
J.  M.  Murphy,  First-class  Assist.  Engineer,  and  C.  Wakeman,  Acting  Second-class  Assist. 
Engineer,  to  the  Majestic;  R.  Sampson,  Chief  Engineer,  to  the  Sampson,  for  the  Prince 
Consort;  J.  Ashley,  Chief  Engineer,  to  the  Asia,  for  the  Arrogant ;  J.  Barr,  supernumerary 
in  the  Asia,  promoted  to  First-class  Assist.  Engineer  ;  T.  Huard,engineertothe  Caradoc; 
W.  Todner,  Engineer  to  the  Cumberland,  for  the  Bullfrog;  J.  Donne,  Engineer,  to  the 
Triton;  J.  Bowman,  and  J.  Gissing,  First-class  Assist.  Engineers,  and  W.  Hopkins  and  J„ 
Kelly,  Second-class  Assist.  Engineer,  to  theCaradoc;  C.Bulford,  First-class  Assist.  Engineer, 
to  the  Asia;  F.  W.  Robinson,  First-class  Assist.  Engineer,  and  W.  Walker,  Second-class 
Assist.  Engineer,  to  the  Triton ;  R.  E.  Ramsay,  Acting  Second-class  Assist.  Engineer  to- 
the  Triton;  J.  G.  Bain,  in  the  Wesser,  promoted  to  Acting  First-class  Assist.  Engineer;- 
R.  Holman,  Chief  Kngineer  to  the  Alecto;  C.  M'Keever,  Fist-class  Assist.  Engineer,  and- 
W.  M'Glashan  and  F.  S.  Scott,  Second-class  Assist.  Engineers,  to  the  Alecto. 

MILITARY  ENGINEERING 

Practice  ag-ainst  Armour  Plates. — Some  interesting  firing  at  4Jin.  and  5Jin.  armour 
plates,  took  place  at  Portsmouth  on  the  21st  ult.  The  plates  to  be  tested  comprised,  one 
from  the  Atlas  Iron  and  Steel  Works,  Sheffield,  (Messrs.  John  Brown  and  Co.,)  and  two 
from  the  Millwall  Iron  and  Shipbuilding  Company's  Works,  (late  C.  J.  Mare  &  Co.)  The 
first  was  a  4Jin.  plate  for  Mr.  Reed's  iron-cased  corvette  Enterprise,  9ft.  4iin.  in  length, 
and  3ft.  7in.  in  width.  The  Millwall  plates  were  sample  plates  for  the  Northumberland, 
building  in  that  yard,  and  were  5Jin.  thick,  one  inch  in  excess  of  the  Atlas  plates.  One 
plate  was  annealed,  and  8ft.  3in.  in  length  by  3ft.  2£in.  in  width.  The  other  plate  was 
"  tempered,"  and,  with  the  exception  of  l^in.  less  in  width,  was  of  the  same  dimensions  as 
the  one  annealed.  All  the  plates  were  bolted  on  to  the  side  of  the  Powerful,  target-ship, 
in  Porehester-creek,  and  the  firing  was  made  from  the  Stork's  95cwt.  68-pounder  smooth, 
bore  gun,  at  the  customary  200  yards'  distance.  One  shot  was  first  fired  at  each  plate  in 
its  turn,  when  the  firing  was  suspended  to  allow  of  an  examination  being  made  of  the 
effects  produced.  The  annealed  plate  was  found  to  have  been  struck  by  the  shot  17in> 
from  its  upper  edge  at  its  left  extremity,  the  depth  of  the  indent  being  2in.,  with  a 
diameter  of  9in.,  a  crack  extending  across  the  corner  of  the  plate  from  the  line  of  the  first 
square  to  the  bottom  line  of  the  same  square,  or  central  line  of  the  plate.  Another  crack 
was  visible  below  the  circumference  of  the  indent,  about  5in.  in  length.  The  tempered 
plate  was  struck  in  the  bottom  corner  of  the  second  square  and  had  buckled  outward  at 
either  end  to  the  blow,  but  was  without  cracks.  The  depth  of  the  indent  was  lin.  and  9-10ths, 
and  the  diameter  9in.  There  were  no  visible  cracks.  The  4-£in.  plate  from  the  Atlas  Works 
was  struck  on  its  left  centre,  the  indent  being,  in  this  case  also,  lin.  and  9-10ths,  and  the  dia- 
meter9in.  The  plate  was  not  buckled.and  only  a  slight  appearance  of  separationof  metal  was 
visible,  and  that  was  in  the  centre  of  the  plate  struck,  and  was  apparently  the  outer 
•urface  of  the  metal  rubbed  up  by  the  blow.  From  this  the  firing  was  carried  on  at  each 
plate,  with  intervals  between  to  allow  of  the  necessary  examination,  until  the  two  Millwall 
plates  had  each  received  five  shots  on  their  left  ends  from  the  centre,  the  Sheffield  Atlas 
plate  eight  shots  in  the  same  quarter.  The  Millwall  plates  proved,  as  had  been  expected 
by  their  makers,  incapable  of  resisting  the  blows  of  the  68-pounder  ;  and  separation  of 
metal,  as  well  as  penetration  of  the  ship,  in  their  case  was  perfect.  With  the  Atlas  plate 
the  case  was  more  satisfactory.  The  plate  proved  of  excellent  quality,  and,  although 
subjected  to  severe  straining  blows  on  its  left  edge  and  lower  left  corner,  and  to  six  blows 
all  delivered  within  a  very  small  space,  and  in  two  instances  overlapping  each  other,  there 
were  no  cracks  from  individual  blows  to  bolt  holes  or  other  weak  parts.  The  separation 
of  metal  that  took  place,  irrespective  of  the  edge  and  corner  blows,  was  caused  by  the 
pounding  of  the  shot  in  one  particular  space,  and  the  consequent  tearing  asunder  of  the 
metal.  The  ship's  side  was  clear  of  anything  like  penetration.  The  plates  from  Millwall 
were  stated  to  be  purely  experimental,  which,  it  is  also  asserted,  fully  accounts  for  their 
failure.  The  work  is  new  to  the  company,  and,  as  they  are  about  to  embark  largely  in  it, 
even  the  failure  of  a  few  plates  may  be  turned  to  an  ultimate  source  of  profit.  The 
Thames  Ironworks  and  the  Atlas  Iron  and  Steel  Works  gained  their  position  as  the 
acknowledged  best  makers  of  hammered  and  rolled  armour  plates  respectively  only  after 
numerous  failures  and  a  heavy  outlay.  The  Millwall  Company  profiting  by  the  experience 
of  others,  made  public  since  armour-plate  forging  first  began,  may  attain  a  position  in  the ' 
first  rank  without  such  great  losses.  The  Millwall  plates  were  forged  under  the  hammer, 
while  Mr.  Brown's  plates  were  rolled.  The  last  two  years'  experience,  and  more  especially 
that  of  the  past  twelvemonth,  has,  however,  proved  that  tougher  and  more  perfect 
armour-plates  can  be  made  with  the  rollers  than  with  the  steam  hammer.  Of  this  fact  I 
the  trade  generally  seem  to  be  fully  aware.  The  Sheffield  Atlas  Works  now  roll  plates  up  { 
to  7\  in.  in  thickness,  and  can  make  them  of  any  required  length  or  breadth.  At  the  same  I 
works  there  is  also  being  erected  rolling  machinery  that  will  turn  out  plates  12in.  in 
thickness,  and  still  thicker  if  required.  The  Millwall  Company  are  also  erecting  rolling 
machinery  for  12in.  plates. 

French  Ordnance. — A  gun  entirely  built  of  steel,  and  composed  of  several  tubes  of 
that  metal,  put  together  in  the  method  introduced  in  France  by  Colonel  Trenillee  de 
Beaulieu,  but  better  known  in  England  as  "  Blakeley's  "  plan,  and  which  secures  the 
simultaneous  action  of  all  the  tubes  in  resisting  the  bursting  force  of  the  powder,  has. 
been  recently  tried  in  that  country.  The  gun  weighs  only  4f  tons  and  a  few  pounds,  or 
nearly  3  tons  less  than  the  Armstrong  rifled  or  the  Whitworth  plan.  The  French  gun  is 
rifled" with  three  grooves,  less  than  a  quarter  of  an  inch  deep.  The  twist  of  the  rifling  is 
uniform,  one  turn  in  30  calibres,  being  aslightly  quicker  turnjthan  that  used  by  Armstrong, 
and  a  little  slower  than  that  used  by  Cavalli  and  Whitworth.  The  gun,  when  last  heard 
of,  had  been  fired  800  times  without  injury.  The  shell  weighs  45  kilogrammes,  or  between 
991b.  and  1001b.  Theservice  chargeof  powder  is  124  kilogrammes,  or  about  281b.,  although 
in  some  cases  15  kilogrammes,  or  331b.  of  powder,  were  used. 

STEAM  SHIPPING. 

New  Steam  Tug  "  Columbus." — Messrs.  Laird  Bros.,  of  Birkenhead,  have  just  com- 
pleted a  new  steam  tug,  called  the  Columbus,  fitted  with  a  pair  of  their  disconnecting 
diagonal  engines,  90  horse  power,  nominal.  Speed  being  now  a  great  object  with  tug- 
boats, as  with  all  other  ships,  the  Columbus  was  built  to  combine  great  speed  with  first- 
rate  towing  qualities,  and  on  her  first  trial  in  smooth  water  she  attained  a  speed  of  14 
knots,  her  engines  indicating  7\  times  the  nominal  or  650  effective  horse  power.  On  her 
final  trial  she  run  to  Holyhead  and  back.  She  accomplished  the  run,  although  she  had 
considerable  sea  and  wind  to  contend  against,  at  an  average  rate  of  12}  knots  per  hour, 
with  a  moderate  consumption  of  fuel. 

Iron  Shipbuilding  in  Liverpool. — Owing  to  the  unprecedented  demand  for  iron 
ships,  and  the  high  reputation  Liverpool  has  attained  for  building  iron  sailing  vessels, 
the  yards  during  the  past  year  have  been  in  greater  activity  than  was  ever  known  before. 
This  demand  is  attributable  to  the  fact  that  iron  ships  can  now  be  built  at  considerably 
less  cost  than  wooden  ones,  and  are  in  point  of  durability  superior.    The  formation 
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of  an  underwriter's  association,  at  Liverpool,  'to  class  iron  vessels  on  their  merits  for 
periods  varying  up  to  22  years,  has  had  the  effect  of  causing  Lloyd's  to  alter  their  rules, 
which  had  "hitherto  militated  aa-ainst  progress  in  iron  shipbuilding.  At  a  rough  estimate 
the  tonnage  of  iron  vessels  built,  in  Liverpool,  during  1S62,  may  be  set  down  at  20,000 
tons,  and  the  tonnage  of  wooden  ones  at  6000.  This,  however,  is  exclusive  of  the  vessels 
built  bv  Messrs.  Laird,  of  Birkenhead,  whose  operations  have  been  very  extensive,  as 
mav  he  judged  from  the  fact,  that  they  have,  at  present,  orders  on  hand  to  the  extent  of 
between  18,000  and  19,000. 

LAUNCHES  OF  STEAMERS. 

Launch  op  the  "Paulet." — Messrs.  C.  Mitchell  and  Co.  launched  from  their  building 
yard  at  Low  Walker,  on  the  10th  ult.,  a  large  screw  steamer  for  the  service  of  the  Inter- 
colonial Royal  Mail  Steam  Packet  Company,  and  destined  to  cam-  mails  between  Australia 
and  New  Zealand.  The  vessel  is  named  the  Paulet,  and  is  of  the  following  dimensions: — 
Lensrth,  22sft. ;  breadth  of  beam,  38ft. ;  depth  of  hold,  16ft.  6in.  As  ventilation  is  the 
chief  element  of  comfort  in  a  steamer  built  to  carry  passengers,  this  object  in  construc- 
tion has  been  specially  kept  in  view  in  the  Paulet.  She  is  not  only  provided  with  a  lofty 
saloon,  numerous  skylights  and  side-ports,  but  a  separate  steam  engine  is  to  be  erected 
for  the  purpose  of  thoroughly  ventilating  the  holds,  cabins,  and  engine-room ;  and  so 
completely  will  the  system  be  carried  out  that  each  private  cabin  will  be  provided  with  a 
ventilating  tube.  The  machinery  for  the  Paulet  is  of  150-horse  power,  and  has  been 
manufactured  by  Messrs.  K.  Morrison  and  Co.  of  Newcastle.  Economy  in  consumption 
of  fuel  has  been  carefully  kept  in  view,  the  engines  being  furnished  with  surface  conden- 
sers and  other  fuel-saving  appliances.  The  Paulet  will  proceed  under  steam  to  Australia, 
and  will  form  a  valuable  addition  to  the  Intercolonial  Company's  fleet. 

Launch  of  the  Iron  Sckew  Steam  Ship  "Tamar." — Another  important  addition 
was  made  on  the  fitli  ult.,  to  the  Royal  navy  by  the  launch  of  the  iron  screw  steam  vessel 
Tamar,  of  2-sll  tons,  and  500  horse  power,  from  the  premises  of  the  builders,  Messrs. 
Samuda,  Poplar.  The  Tamar  will  be  lifted  with  her  screw  machinery  and  engines,  by 
Messrs.  Ravcnhill,  Salkeld,  and  Co.  The  Tamar  was  laid  down  in  November,  1861,  and 
is  in  every  respect  a  fine  specimen  of  modem  naval  architecture.  She  is  a  smart  looking 
craft,  and  well  adapted  for  speed.  The  following  are  her  principal  dimensions  : — Length 
300ft. ;  breadth,  tilt.  7in. ;  depth  in  hold,  34ft. ;  burden  in  tons,  2811,  82-94,  old  measure- 
ment. After  receiving  her  machinery  she  will  be  removed  to  Woolwich  dockyard  to  be 
rigged,  and  fitted  with  her  armament,  consisting  of  four  rifled  guns,  and  she  is  expected 
to  l>c  ready  fur  service  by  April  next. 

LAixcn  of  the  "Stakoftue  South."— On  the  morning  of  the  21th  ult.  this  iron  screw 
steamer,  built  for  Messrs.  Broomfield  and  Whittaker,  of  Sydney,  and  intended  for  the  coal 
and  coasting  trade  of  Australia,  was  launched  from  the  yard  of  Messrs.  Wigham,  Richard- 
son and  Co.  Low  Walker.  Her  dimensions  are  as  follows :— Length  130ft. ;  breadth  21ft. 
6in. ;  depth,  911.  6in.  ;  and  to  carry  200  tons  of  coal.  She  will  be  propelled  by  direct  aet- 
tng  engines,  bv  Messrs.  R.  and  W.  Hawthorn,  of  Newcastle,  45-horse  power.  After  the 
launch  the  vessel  was  towed  to  Newcastle,  when  her  machinery  was  fitted,  and  in  the 
afternoon  she  returned  to  her  builders'  yard  under  her  own  steam  in  the  short  space  of 
ten  hours  from  having  her  ways. 

Tin  I'ii  i  -  A  LkXASDiiA,"  iron  paddle  steamship,  was  launched  on  the  20th  ult.  from 
the  yard  of  the  Thames  Ironworks,  lilackwall.  The  Princess  Alexandra  is  about  500 
ton-,  anrl  has  been  built  for  the  service  of  the  Trinity  House,  Dublin.  She  will  be  engined 
bv  Messrs.  l'cnn. 

TELEGRAPHIC  ENGINEERING. 

Tr.i.i -oeafiiic  Cable  fou  the  Persian  Gulf.    The  Indian  Council  have  decided  on 
a  submarine  cable  across  the  Persian  Gulf.    They  have  not  given  over  this  undertaking 
company.  contractor,  or  concessionaire.    The  whole  management  of  this  national 
work.  Is  entrusted  to  one  of  their  own  officers,  Colonel  Stewart,  R.F..    The  core  will  be 
gotta  percha,  made  at  the  Guttn  Percha  Company's  Works,  Wharf-road,  London.     It  will 
ted  by  Reid'a  process  of  pressure,  equal  to  the  depth  of  the  sea  where  the  cable  is 
laid.  "  Mr.  Henley,  of  North  Woolwich,  will  make  the  iron  sheathing,  and  our  own 
Government  ships  will  submerge  it.    From  the  specimen  already  constructed,  it  is  ad- 
mitted to  be  the  best  submarine  cable  yet  made,  and  there  is  no  doubt  it  will  prove  so. 
hole  win  cost  about  6300,000. 

Tlliokacii  Extension  ix  New  South  Wales.— The  Colonial  Parliament  has  agreed 
to  the  following  telegraphic  extensions  during  the  current  year:— From  Deniliquln  to 
Hay,  8 length  of  to  miles;  from  Wellington  to  Dubbo,  35  miles;  from   Braidwood  and 
Queanbeyan,  36  miles  ;  and  also  an  additional  wire  on  the  posts  between  Sydney  and  New- 
telegraph  to  Kiama,  which  passes  through  Campbeltown  and  wollongong, 
pened  on  the  16th  of  October,  with  the  usual  congratulatory  message  from  the 
Minister  for  Works.     Kiama  is  conveniently  situated  on  the  coast  for  the  observation  of 
ling  towards  Sydney  from  the  southward,  and  the  station-master  is  instructed 
to  report  to  tie  telegraph'  office  in  Sydney,  for  public  information,  the  names  of  vessels 
,,;„-,,  ! ,  near  to  the  port  to  be  distinguished.    The  telegraph  to  Forbes  (the 

Lachlan  diggings),  on  the  extension  from  Orange  to  Wairga  Wacga,  wan  opened  in  No- 
vember. The  One  will  next  be  carried  on  to  Buriangong.  The  extension  from  Tenter- 
field  to  Craft. in,  a  length  of  125  miles,  wan  finished  In  November  last. 

Ttpo-Ti  lbgraph. — An  extensile  series  of  experiments  are  being  made  In  Frame  with 
the  Typo-Telegraph,  invented  by  M.  Bonelli,  by  which  BOO  despatches  of  25  words  each, 
can  !>•'  printed  within  an  hour.    Should  the  experiments  prove  satisfactory,  it  is  Intended 

Bonce  this  telegraph  on  the  principal  railway  lines  in  France. 
Si  iiwakine  Iuiii    i;i  TWBBH  Suioism  ami  Si  r  i  i.y.— A  submarine  cable  has  been  most 
•he  port  of  Cagliari,  in  the  Island  of  Sardinia,  and   Napani,  in 
B  li  ugth  of  ZOO  mil.    . 

RAILWAYS. 
The  Metkiolitan  Raii.w av,     The  Metropolitan  Railway  was  opened  on  the  loth  ult., 

t..  i  he  public,  and  iron,  continued  running  from  six  o'clock  in  the  morning  till  a  late  hour 

tbe part  Of  the   public  to  mat...   trial   "I   tins  novel 

mnnlcatlon.  and  small  was  the  chance  of  obtaining  a  scat 

in  the  .  arriagei  anywhere  but  a(  the  Paddington  station,    'lids  wot  In  the  early  part  of 

i  Cityward;  rne  few  who  had  the  wish  to  proceed  west- 

ward  finding  ample  accomodal and nforl  in  their  experimental  irip.    It   was  soon 

found  thai  the  engines  and  rolling  stock  of  the  company  were  not  suffici.  m  to: m..d:ii. 

the  crowds  of  passengers;  and  a  loan  of  both  engines  and  carri  obtained  trom 

the  Gn  al  w  e  tern  .  But  even  these  did  little  to  mitigate  tbe  evil,  as,  indeed,  the  addition 

., noil,,  i  ..I  Irani,  tothd  .•  |.p.vi.|ed  by  the  company  was  attended  with  101 longl  r. 

it  had  tho  pressure  become  that  about  midday  it  wa   am i Itothi  crowd   col- 
lected al  the  different   stations  that  their  chance  of  pn cding  down  the  line   w:is   hope- 

was  He  n  collected  al  the  Paddington  termini  i    enough  to  Ml  the 

next  fi.nr  or  five  trains,    in  the  afteanoon  the  tide  turned,  the  How  cf  pa    engen  pi 

Ing  westward  ;  and  then  the  pressurs  I ame  as  peal  at  the  Victoria  tcrmlnui  sttl ■  I 

end.  Some  discouragement  arose  IromtBeeccamulatloni  of  smoke  and  steam  in  the  long 
tunnel,  which  appeared,  contrary  to  the  langulne  anticipations  ol  the  engineers  that  there 

WOUld  I  e  neither  smoke  nor  steam  from  tin  ir  engines,     'I  he  iiiinoyani  e   was    Itlll    greater 

on  the  following  day,  ami  even  rose  al  one  time  to  ■  serious  height,  as  many  ol  the 

ngi  rs  complained  of  headaches,  and  there  was  hardly  a  guard,  pointsman,  or  station 
master  who  did  not  sutler  from  the  foul  atmosphere,  and  were  obliged  to  be  led  in  some 
install,  is  Into  Hi.  fresh  air. 


Extension  of  the  Meteopolitan  Railwat. — This  Company  propose  to  take  Parlia- 
mentary powers  to  purchase  additional  lands  for  the  purpose  of  their  undertaking,  and 
for  enlarging  their  powers  of  corripulsorv  purchase  of  property  in  respect  of  the  incom- 
plete portion  of  their  western  extension  in  the  parish  of  Paddington,  near  the  junction 
of  South  Wharf-road  with  Praed-street,  to  the  southern  end  of  Eastbourne-terrace,  where 
it  forms  a  junction  with  Conduit-street,  and  also  as  to  the  incomplete  portions,  compris- 
ing the  line  to  the  intended  Metropolitan  Meat  and  Poultry  Market,  and  the  Finsbury- 
circus  extension.  The  particular  lands  and  properties  supposed  to  lie  taken  are  in  the 
parish  of  St.  Giles  Without  Criplegatc,  near  or  between  the  streets  called  Little-Moorfields, 
New  Union-street,  Moor-lane,  and  Tenter-street  ;  and  between  Whitecross-street,  Milton- 
street,  and  Moor-lane,  on  both  sides  of  the  extension  to  Finsbury  Railway,  and  between 
Vine-court  and  Maidenhead-court,  adjacent  to  Moor-lane.  The  lands  and"  buildings  pro- 
posed to  be  taken  in  the  parish  of  St.  Sepulchre  and  Liberty  of  Glasshouse-yard,  arc  in 
and  near  Cow-cross-street  and  Sharp's-alley,  Charterhouse-lane  and  Charterhouse-square, 
and  northwards  of  the  limits  of  deviation  defined  by  the  Finsbury-eircus  Extension  Act. 
Those  at  Paddington  are  in,  near,  and  between  Conduit-street,  Spring-street,  London- 
street,  and  Conduit-place. 

Metropolitan,  Knightsbkidge,  ano  Kensington  Junction  Railway. — It  is 
proposed  that  this  extension  of  the  Metropolitan  Railway  shall  run  out  of  it  where  it 
crosses  London-street,  Paddington,  and  terminate  near  the  western  bank  of  the  '.Serpen- 
tine, north-west  of  the  bridge  between  Hyde-park  and  Kensington-sardens,  with  branches 
from  the  termination  of  the  latter  line  to  a  point  in  Hyde-park  abutting  on  the  Knights- 
bridge-road,  westward  of  the  lodge  at  the  entrance  to  Hyde-park  corner,  together  with 
a  further  extension  to  near  the  junction  between  Young-street  to  High-street,  Kensington 
at  an  estimated  cost  of  £600,000. 

Metropolitan,  Tottenham,  and  Hampstead  Railway. — This  extension  of  the 
Metropolitan  Railway  is  intended  to  start  from  near  the  eastern  end  of  their  Gowcr-street 
station,  in  the  Eustop-road,  St.  Pancras,  and  terminate  on  the  South  side  of  Swain's 
lane,  at  a  point  east  of  the  Highgate-road.    It  is  estimated  to  cost  £100,000. 

Barnes,  Hammersmith,  and  Kensington  Railway. — The  route  of  this  new  line  will 
commence  at  Barnes,  near  the  curve  of  the  Richmond  and  Windsor  line,  and  run  through 
Hammersmith  and  Kensington,  terminating  on  the  West  London  Extension-railway, 
about  140  yards  south-east  of  the  point  where  that  railway  passes  under  the  Hammer- 
smith-road. The  next  branch  will  start  from  Kensington  "Hall  and  terminate  at  Earl's 
Court-road,  and  other  branches  will  run  to  the  Vietoria-road,  Kensington,  to  the  loon 
line  carrying  the  Kew  and  Hounslow  line  over  the  Thames  from  Barnes,  and  from  the 
south-west  extremity  of  York-place  to  a  junction  with  the  Hammersmith  and  City 
terminus  at  Hammersmith.    The  capital  estimated  to  be  required  tor  the  line  is  £310,000. 

Agreements  Between  the  Great  Western  Railway  and  the  South  Western, 
and  North  Westeun  Companies. — A  circular  has  been  issued  by  the  Great  Western 
Railway  Directors,  informing  the  shareholders  "  that  in  conjunction  with  the  West 
Midland  Company,  they  have  entered  into  two  separate  agreements  ;  the  one  with  the 
London  and  South  Western  Railway  Company,  and  the  other  with  the  London  and  North 
Western  Railway  Company.  The  main  object  of  these  agreements  is  to  utilise  existing 
lines  by  increased  facilities  being  given  to  each  other,  thereby  affording  improved  accom- 
modation to  the  public,  and  avoiding  expenditure  by  the  projecting  of  new  lines,  which 
might  tend  to  unnecessary  or  injurious  competition.  The  agreements  for  amalgamation 
of  the  West  Midland  and  South  Wales  Companies  with  the  Great  Western  are  presented, 
for  confirmation  by  Parliament,  in  the  approaching  Session.  The  only  bill  lor  a  new- 
work  promoted  in  this  Session  by  the  Great  Western  C pany  is  to  complete  a  short 

junction  at  Great-bride,  in  South  Staffordshire,  between  two  lines  already  formed,  and 
for  which  provision  is  made  under  an  agreement  with  the  London  and  North  Western. 
The  directors  add  that  they  have  thought  it  desirable  to  place  these  facta  before  the 
shareholders,  ami  that  they  will  be  prepared,  when  they  meet  the  proprietors  in  February, 
to  atl'ord  a  full  explanation  of  these  matters. 

Dover,  Deal,  and  Sandwich  Railway. — The  route  of  this  new  line  will  be  by  a 
junction  from  the  Shepherdswell  station  of  the  London,  Chatham,  and  Dover,  to  Albert- 
terrace,  Heal;  then  from  the  latter  line  between  Eastry  :md  Ham  to  the  the  South 
I  a  i.in  Railway  at  Sandwich,  near  the  Sandwich  Gas  Works,  at  an  estimated  CO  I  ol 
£100, 

i  Ik i  at  Fasti; UN  Railway. — This  company  is  ah. nit  to  |.l:ea    ten   addiii il  pass.  Hirer 

and  thirty  additional  Roods  3ngin3C  apen  its  railway.'  aid  astol  E10C  100  IJa:  Intended 
acceleration  of  the  train  service  has  been  posponed  for  the  p resent. 

Cihuing-Ckoss  and  South-F.asti:hn  Railways,    it  is  proposed  to  amalgamate  the 

ChariiiL'-Cross  and  South- Eastern  Railways,  on  such  terms  and  considerations  as  the  two 

companies  may  think  lit,  subject  to  the  terms  and  considerations  being  sanctioned  by 
three-fifths  of  the  voles  of  the  shareholders  In  each  company.  The  agreemeul  la  to  take 
ellect  either  before  or  after  the  completion  of  the  works  of  the  Ch&ring-Crosa  line,  which 
are  now  in  course  of  construction. 

Northern  of  Fin  mi:  Railway.— The  traffic  receipts  on  the  old  lines  of  this 
company  during  the  year  1862  amounted,  on  (i.'ll  miles,  to  £2,630,100,  and  for  the  year 
ism,  on" (Ki:l  miles,  in  'c2,.ris2.7.r)7,  showing  an  inerease  of  637,403,  or,  1*44  per  cent,  The 
total  receipts  on  66  miles  oi  new  line  amounted,  for  the  year  iv.2t..  6107,863,  and  for 
the  preceding  year  to  620,688, showing  an  Increa t  Ls7,305. 

SOVTTB  Austrian  and  Lombardo-Venetian  Railway.—- The  total  traffic  receipts  on 
the  South  Austrian  line,  1004  miles  In  length,  amounted  for  the  year  isoj  to  £2,264,038, 
and  for  the  year  1861  to  £2,260,486,  showing  an  Increase  of  £3,662.  The  total  traffic  re- 
ceipts on  the  Lombardo-Venetian  line,  216  miles  in  length,  lor    the  year    1862.  amounted 

I..  8334,466,  and  foi  thereat  1861,  on  196  miles,  to  6262,626,  ihowing  an  Increase  of 
£71,840.  The  total  receipts  on  tho  two  lines  last  year  amounted  to  62,608,603,  and  for 
the  proceeding  year  to  62,628,111,  showing  on  Increase  of  £76,362,  or  shout  <  per  .cut. 
il..  traffic  receipt-  on  the  Central  of  Italy  branch,  Bl  miles  m  length,  amounted  for  the 
pa  '  |    u  to  6186,710,  and  for  the  proooeding  yeai  to  £148,460,    bowing  an  Increase  ••! 

i.  or  2.VS  per 

Railway  to  Constam i son  < .     \  projeol  has  i. en  set   on  fool   bj   an  ongineor 

Dumont,  I ntlnue  the  present  continental  railway  communication  aa  far  as, 

antinople.    The  present   European  network  of  railways  extend  as  far  aa  liana  .  a 
port  on  the  Danube,  660  kilometres  (|  of  n  mile  each)  distant  below  Posth,    The 
line  from   Parii  to  Baziaa  by  Strasburg.  Munich,  Vienna,  and  Pi  th  I   about  2100  kilo 
In  length,  and  tho  Journey  may  bo  porfon I  In  ilxtyhoui  .    Till    line  of  rail- 
way might  be  extended  to  the  lilacs  Bea  and  Constantinople  in  two  direction  .  one  by 
ido,  Servla.  Bulgaria,  and  Roumetia,  a  hue  already  surveyed  by  the  English;  ami 

ihe   oth.r   which   would   reach   Constant pic   by   Boumanla,   passing   by  Crajova, 

Buchare  t,  Bustchunk,  Bchumla  ami  Adrlanople,  ero  line  the   Balkan    at    thi 
available  point,  in  the  neighbourhood  of  A idos,    This  is  Dumont'    project,    The  total 
length  "f  (he  proposed  lini     will  '"    about   1800  kilometres,  thus  divided     On  the 
a  us  i  nan  territory,  Irom  Baxlaa  t"  the  frontier  of  Bonmenla,  mar  Orsova,  12:.  kllomi 

Iron,  (ir-ova  to  1  i-    bf  lluehar.  1.1    Rut    ■  Mini 

ooplo  by  Bchumla,  Aldoa,  and  Adrlanople,  600  kllometrsi  ova  to 

ntlnople  ol  1,086  all  metri        Branches  from  Uuchareat  to  Iiatlas  and  Oalats,  and 

1  on  I  •  in. n.id..  t..  the  1....1  oi  the  Car]  about  400 

n  .ame  a  total  length  ol  1,4  Ires, 
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Works  in  Melbourne. — The  great  trunk  line  as  far  as  Castlemaine  and  Sandhurst 
has  been  opened  for  traffic,  but  is  not  yet  completed.  It  was  opened  a  certain  distance  in 
April  last,  so  that  the  portion  opened  is  about  fifty-seven  additional  miles.  In  this  space 
some  of  the  greatest  engineering  difficulties  have  been  met  with— two  tunnels,  each  nearly  a 
quarter  of  a  mile  long,  besides  several  fine  viaducts.  Although  the  whole  of  the  works 
have  been  executed  in  the  most  substantial  manner,  yet  it  does  seem  that  some  at  least 
of  the  gradients  need  not  have  been  so  steep;  Sandhurst  being  situate  beyond  the 
dividing  range  that  had  to  be  crossed;  and  this  is  done  at  an  altitude  of  1950ft.,  within 
a  distance  of  45  miles  of  the  sea  level.  One  viaduct  is  of  five  spans,  130  ft.  each,  and 
120  ft.  high.  This  is  over  the  valley  of  the  Black  Creek.  That  over  the  Coliban  consists 
of  five  arches,  each  60  ft.  span,  and  70  ft.  high. 

Railroads  in  Chile. — On  the  3rd  November  last  the  third  division  of  the  Southern 
Railway  of  Chile  was  opened  to  San  Fernando,  the  capital  of  the  province  of  Colchagua, 
distant  from  Santiago  86  miles.  The  length  of  this  extension  is  34  miles,  and  the  works 
have  been  designed  and  finished  in  a  style  alike  creditable  to  engineer  and  contractor. 
The  first  passenger  engine  over  the  new  works  took  down  the  President  of  the  Board, 
the  directors,  and  a  large  party  of  friends,  who  returned  to  Santiago  much  pleased  with 
the  day's  trip.  The  general  character  of  the  earthworks  is  light,  but  there  are  several 
bridges  of  importance,  and  a  very  considerable  number  of  small  openings  and  culverts. 
The  bridges  are  executed  in  a  simple  but  solid  manner,  and  are  good  examples  of  work. 
The  girders  were  made  in  England,  and  the  masonry  is  principally  native  labour,  and  is 
cut  from  a  white  or  pink  porphyry  which  is  very  abundant  in  the  country  The  Engineer- 
in-Chief,  Mr.  W.  Cross  Buchanan,  was  a  pupil  of  Mr  Neil  Robson,  of  Glasgow ;  and  the 
gentleman  who  undertook  and  finished  the  contract  is  an  American,  well  known  on  the 
coast  for  his  activity  and  energy.  He  is  also  engaged  on  another  contract,  namely  that, 
of  the  Santiago  and  Valparaiso  Railway,  the  works  of  which  are  being  rapidly  pushed  on. 
The  charter  of  the  Southern  Railway  Company  of  Chile  empowers  them  to  carry  on 
their  line  as  far  as  the  river  Maule,  and  this,  as  well  as  a  much  further  extension,  is  at 
present  under  consideration  in  the  Camaras.  In  all  probability  the  surveys  will  shortly 
be  proceeded  with,  preparatory  to  contracts  being  entered  into  with  an  eminent  English 
contractor,  who,  it  is  understood,  has  made  very  advantageous  offers  to  the  Chilian 
Government. 

Portugese  Railways. — Mr.  Price  the  contractor,  to  whose  execution  the  works  on 
the  South  Eastern  of  Portugal  Railway  have  been  entrusted,  has  lately  returned  from 
Lisbon,  and  reports  that  he  will  be  prepared  to  open  60  miles  of  that  railway  in  the 
month  of  June  next,  and  the  remaining  20  miles  shortly  afterwards.  It  is  stated  that 
the  works  have  been  executed  in  a  very  superior  manner,  and  that  they  give  perfect 
satisfaction  to  the  Portugese  Government. 

Traffic  Returns. — The  traffic  receipts  for  railways  in  the  United  Kingdom  amounted, 
for  the  week  ending  the  3rd  of  January,  on  10,584  miles,  to  £483,396,  and  for  the  corre- 
sponding week  of  last  year,  on  10,193  miles,  to  £460,796,  showing  an  increase  of  391  miles, 
and  of  £22,600  in  the  receipts.  The  gross  receipts  on  the  following  fourteen  railways 
amounted,  in  the  aggregate,  on  7,268  miles,  to  £380,942 ;  and  for  the  corresponding  week 
of  1862,  on  7008  miles,  to  £364,713,  showing  an  increase  of  260  miles,  and  of  £16,229  in  the 
receipts.  The  increase  on  the  Caledonian  amounted  to  £202;  on  the  Great  Eastern  to 
£1533 ;  on  the  Great  Northern  to  £1097 ;  on  the  Great  Western  to  £3222 ;  on  the  Lanca- 
shire and  Yorkshire  to  £139;  on  the  London  and  North  Western  to  £3319;  on  the  London, 
Brighton,  and  South  Coast  to  £663  ;  on  the  London  and  South  Western  to  £1334 ;  on  the 
Manchester,  Sheffield,  and  Lincolnshire  to  £604;  on  the  Midland  to  £3223 ;  on  the  North 
British  to  £1135;  on  the  North  Eastern  to  £796;  and  on  the  South  Eastern  to  £357; 
total.  £17,624.  But  from  this  must  be  deducted  £1395,  the  decrease  on  the  Great  Southern 
and  Western,  leaving  the  increase,  as  above,  £16,229.  The  goods  and  mineral  traffic  on 
those  lines  amounted  to  £195,102,  and  for  the  corresponding  week  of  1862  to  £187,237, 
showing  an  increase  of  £7963.  The  receipts  for  passengers,  parcels,  &c,  amounted  to 
£185,740,  against  £177,476,  showing  an  increase  of  £8264.  The  traffic  receipts  on  sixty- 
four  other  lines  amounted,  on  3316  miles,  to  £102,454;  and  for  the  corresponding  week  of 
last  year,  on  3185  miles,  to  £96,083,  showing  an  increase  of  131  miles,  and  of  £6371  in  the 
receipts.  The  total  receipts  of  the  past  week  show  a  decrease  of  £47,314,  as  compared 
with  those  of  the  preceding  week,  ending  December  27. 

RAILWAY  ACCIDENTS. 

Sinking  oe  a  Railwat  Viaduct  at  Clapham.— On  the  morning  before  the  new  year, 
an  occurrence  of  a  serious  nature,  theugh  unattended  with  loss  of  life  or  bodily  injury,  took 
place  near  the  Clapham  station  of  the  Metropolitan  Extension  of  the  London,  Chatham, 
and  Dover  Eailway.  That  part  of  the  Metropolitan  Extension  Railway,  which  is  to  join 
the  Victoria  Station  at  Pimlico  by  a  bridge  across  the  Thames  at  Blackfriars  with  the 
Farringdon-street  terminus,  was  opened  some  time  back,  from  Victoria  to  the  Elehpant 
and  Castle.  The  second  station  on  the  line  is  that  at  Clapham,  and  at  about  200  yards 
distant  the  line  crosses  the  Clapham-road  and  the  Bedford-road  by  means  of  iron  girder 
bridges.  Between  these  two  bridges  is  a  viaduct  consisting  of  nine  arches  of  massive 
brickwork  standing  in  a  field.  All  the  structure  appeared  to  be  quite  safe  up  to  the 
evening  before  the  accident,  when  there  were  slight  indications  in  the  parapet  of  a  sub- 
sidence of  one  of  the  centre  piers  taking  place.  The  officials  of  the  company  were  at. 
once  apprised  of  the  fact,  and  every  precaution  was  taken  for  the  safety  of  the  pnblic  by 
watching,  &c.  About  half-past  six  the  following  morning,  the  men  on  watch  found  that 
the  pier  began  to  sink  rapidly,  and  before  long  it  had  subsided  upwards  of  four  feet  into 
the  earth,  carrying  with  it  the  next  pier,  and,  as  a  matter  of  course,  the  centre  arch  and 
portions  of  the  arches  on  each  side.  Notwithstanding  this  great  sinking  and  the  manner 
in  which  a  large  portion  ot  the  brickwork  had  become  broken  up,  the  rails  did  not  give 
way  for  some  time.  Information  was  at  once  sent  up  to  the  Victoria  terminus,  as  a  train 
was  to  leave  at  7.25,  and  the  working  beyond  Clapham  was  stopped.  Almost  immediately 
a  large  body  of  workmen  were  on  the  spot,  and  the  traffic  between  the  Clapham  and 
Brixton  stations  having  been  suspended,  steps  were  taken  to  shore  up  the  arches  on  both 
sides  of  those  damaged. 

Accident  on  the  Great  Northern  Railway.— About  half-past  eight  o'clock  on  the 
morning  of  the  6th  ult.  an  accident  occurred  near  the  railway  station  at  KnotthWey 
At  a  distance  ot  about  200  yards  from  the  Knottingley  station  there  is  a  junction  of  two 
lines  ot  rails,  one  ot  them  being  from  York  and  the  other  from  Leeds.  Parliamentary 
trains  leave  York  and  Leeds  for  London  every  morning,  arriving  at  the  Kuottinelev 
station,  where  they  form  one  train,  at  half-past  eight  o'clock.  Up  to  about  ten  minvVs 
past  eight  on  the  morning  of  the  accident  the  weather  was  fine  and  clear,  but  at  that 
time  it  became  suddenly  toggy,  and,  at  half-past  eight  o'clock,  the  time  at  which  the 
trams  were  due,  the  fog  was  so  dense  that  it  was  impossible  to  see  more  than  a  few  yards 
It  was  at  thai,  time  that  the  accident  happened.  At  about  130  or  140  yards  from  the 
station  there  is  a  bridge  spanning  the  rails,  and  immediately  beyond  'this  there  is  a 
pointsman  s  and  signalman's;  box.  The  junction  of  the  lines  "referred  to  is  some  thirty 
or  forty  yards  beyond,  and  at  some  distance  down  the  lines  there  are  signals  by  which 
the  drivers  ol  the  trams  are  informed  whether  they  can  with  safety  approach  the  station. 
'I  lie  two  ln-.es  of  rails  are  joined  into  one  at  the  distance  of  a  few  yards  from  the  points: 
man  s  box,  ami  it  was  just  at  the  junction  where  the  accident  occurred.  As  was  perfectly 
regular,  the  Leeds  tram  proceeded .towards  the  station  first,  and  in  the  usual  course  the 
"i  ork  tram  would  have  been  signalled  to  approach  when  the  line  was  clear,  but  unfortu- 
nately it  ran  forward  before  its  time,  became  entangled  with  the  Leeds  train,  and  caused 
serious  mischief.    Neither  of  the  trams  was  moving  very  rapidly  at  the  time  or  the  con- 


sequences  would  have  been  most  disastrous.  As  it  was,  when  the  carriages  came  into 
collision  two  or  three  of  them  were  thrown  off  the  line,  and  two  of  them  were  turned 
over  and  smashed.  One  of  these  carriages  was  empty,  but  several  of  the  occupants  of 
the  other  were  very  seriously  injured. 

Railway-  Collision  near  Liverpool. — A  collision  took  place  on  the  London  and 
North- Western  Railway,  near  Liverpool,  between  a  passenger  train  and  a  goods  train, 
on  the  5th  ult.  Several  persons  sustained  injuries;  the  severe  concussion  of  the  trains 
also  causing  considerable  damage  to  the  engines  attached.  The  12-30  (midnight)  pas- 
senger train  from  Liverpool  to  Warrington  had  got  so  far  as  Whiston  Bank,  where  there 
is  an  incline  of  about  a  mile  in  length  at  a  gradient  of  about  1  in  80,  and  up  which  heavy 
trains  have  to  be  assisted  by  a  bank-engine.  When  the  train  had  arrived  near  the  top 
of  the  incline  the  driver  observed  that  he  was  dashing  on  to  the  bank-engine,  which  was 
in  the  act  of  pushing  up  a  goods  train.  He  immediately  reversed  his  engine  and  en- 
deavoured to  stop,  but  could  not  do  so  in  time  to  prevent  the  collision,  which  took  place 
with  great  force.  The  passenger-engine's  buffers  were  smashed  to  pieces,  the  buffer- 
plank  and  the  iron  framing  of  the  engine  were  broken,  and  the  tender  of  the  bank-engine 
likewise  very  much  damaged. 

BRIDGES. 

Opening  of  Lendal  Bridge,  York. — The  opening  of  this  iron  bridge  which  has 
been  erected  over  the  river  Ouse  at  Lendal,  York,  recently  took  place.  The  foundation 
stone  of  a  bridge  was  laid  on  the  9th  of  October,  1860.  As  the  bridge  advanced,  and  its 
character  became  more  prominently  displayed,  neither  those  who  had  seen  the  plans  nor 
the  general  public  were  at  all  satisfied  with  the  appearance  it  was  likely  to  present.  Cir- 
cumstances attending  the  destruction  of  the  bridge  on  Friday,  Sept.  27th,  1861,  very 
nearly  a  year  after  the  foundation  stone  had  been  laid,  will  he  in  the  recollection  of 
many  of  our  readers.  One  of  the  girders  fell  into  the  river,  and  the  others  were  prostra- 
ted upon  the  bridge,  five  persons  employed  thereon  being  instantly  hurried  into  eternity. 
The  design  for  the  bridge  (which  is  after  the  style  of  the  Westminster  Bridge)  presented 
by  Mr.  Page  was  ultimately  adopted,  and  the  contract  for  the  iron  work  from  Messrs. 
Hawks,  Crawshay,  and  Co.,  of  Gateshead,  for  £3600,  was  accepted  by  the  committee. 
The  bridge  consists  of  a  single  arch  of  the  Tudor  style,  has  a  span  of  175ft.  2in.,  and  is 
25tt.  in  height  from  the  summit  level  of  the  river  to  the  crown.  Six  ribs  of  immense 
size  are  tied  together  with  cross  girders  and  braces  tied  and  stayed,  there  being  bearers 
for  the  corrugated  iron  plates  which  had  been  prepared  for  the  girder  bridge  and  which 
have  been  used  up  in  the  present  bridge.  The  spandrils  consist  of  castings  of  Gothic 
tracery  ornamented  with  large  shields  of  the  city  on  one  side,  and  the  arms  of  the  see  of 
York  on  the  other.  The  footpaths  on  the  bridge  are  formed  of  the  Hopton  Ward  stone, 
a  beautifully  white  paving  stone,  which  has  been  used  at  the  Houses  of  Parliament. 
The  extreme  width  of  the  bridge  is  37ft.  9in.  ;  the  width  of  the  footpaths,  8ft.  3in. ;  and 
the  width  of  the  roadway,  21ft.  Sin.  The  weight  of  the  bridge  is  at  least  3i0  tons,  and 
it  is  believed  to  be  of  sufficient  strength  to  carry  a  railway  train. 

Westminster  Bridge. — From  a  Parliamentary  return  just  issued  it  appears  that  up 
to  the  14th  of  last  July  a  sum  of  £393,189  19s.  2d.  was  expended  on  Westminster  Bridge. 
Of  this  amount,  £145,057  18s.  5rf.  was  paid  to  contractors,  and  £248,132  9i/.  to  other 
parties.  The  amount  expended  on  the  approaches  was  £109,0.34  In.  9</.  T lie  whole  of 
the  outlay  has  been  supplied  from  property  belonging  to  the  Westminster  Bridge  Com- 
missioners, and  from  votes  of  Parliament. 

DOCKS,  HARBOURS,  &c. 

The  Metropolitan  Board  of  Works  have,  by  a  majority  of  thirty-three  votes  to 
one,  have  resolved  that  the  resolution  of  1853,  for  erecting  deodorising  works  at  Fulham, 
should  be  rescinded.  The  engineer  is  to  report  on  the  best  way  of  conveying  the  sewage 
of  the  western  area  into  the  northern  low-level  sewer.  The  Thames  will  thus  be  freed 
from  one  cause  of  impurity  with  which  it  was  threatened. 

The  Great  Iron  Floating  Dock  built  at  Sourabaya,  Java,  from  the  designs  of  Mr. 
R.  W.  Thompson,  C.E.,  has  been  successfully  launched.  The  difficulties  of  launching 
such  an  immense  structure  were  evaded  by  building  it  in  a  kind  of  dam  made  on  the 
seashore.  When  the  iron  dock  was  completed  the  sea  wall  of  the  dam  was  broken,  and 
the  sea  rushed  in  lifting  the  dock  from  the  blocks  on  which  it  had  been  built.  Messrs. 
Randolph,  Elder  &  Co.,  of  Glasgow,  have  lately  completed  a  similar  iron  floating  dock  for 
the  French  Government.  This  structure  is  capable  of  lifting  out  of  the  water  the  largest 
man-of-war  in  the  world,  not  excepting  the  Warrior,  with  all  her  guns  and  armour-plates 
in  their  places.    This  dock  is  also  from  the  designs  of  Mr.  Thompson. 

GAS    SUPPLY. 

Gas  at  Aldershot  Camp. — A  portion  of  the  permanent  barracks  at  Aldershott  have 
been  lighted  with  gas  from  extensive  works  erected  by  the  government  on  the  banks  of 
the  Basingstoke  canal.  The  gas  supplied  is  said  to  be  pure  and  good,  audits  introduction 
is  regarded  with  much  satisfaction  by  all  ranks  and  branches  of  the  service.  The  Gas- 
works, it  is  stated,  were  erected  at  a  cost  of  £22,000. 

The  Worcester  Gas  Company's  directors  have  announced  a  further  reduction  in  the 
price  of  their  gas,  from  5s  to  4s.  6J.  per  1000  cubic  feet. 

BOILER   EXPLOSIONS. 

Manchester  Association  for  the  Prevention  of  Steam  Boiler  Explosions. — 
At  the  ordinary  Monthly  Meeting  of  this  Association,  held  on  January  6th,  1S63,  the 
chief  engineer  presented  his  Monthly  Report,  of  which  the  following  is  an  abstract : — 
"  During  the  past  month,  ending  December  31st,  1862,  there  have  been  examined  430 
engines— 3  specially;  621  boilers— 12  specially,  9  internally,  54  thoroughly,  and  546 
externally,  in  which  the  following  defects  have  been  found:— Fracture,  4;  corrosion,  33 
(I  dangerous) ;  safety  valves  out  of  order,  13  (2  dangerous) ;  water  guages  ditto,  24; 
pressure  guages  ditto.  9;  feed  apparatus  ditto,  1;  blow-off  cocks  ditto,  32  (1  dangerous) 
furnaces  out  of  shape,  7  (2  dangerous) ;  blistered  plates,  1.  Total,  121  (6  dangerous). 
Boilers  without  glass  water  guages,  6;  without  pressure  guages,  16;  without  blow-off 
cocks,  27;  without,  back  pressure  valves, 44.  While  I  am  happy  to  be  able  to 
report  that  no  explosion  has  happened  during  the  past  month  to  any  of  the  boilers 
under  the  inspection  of  this  Association,  the  occurrence  of  five  explosions  in  other 
quarters  during  that  period  has  come  to  my  knowledge.  Each  of  these  has  been  attended 
with  fatal  consequences,  twenty-six  persons  in  all  having  been  killed,  and  upwards  of 
thirty-two  injured.  Two  of  the  exploded  boilers  were  personally  examined.  The  first  of 
these  explosions,  and  from  which  ten  persons  were  killed  and  twenty-six  injured,  occurred 
at  an  iron  works.  The  boiler  was  a  horizontal  one,  of  plain  Cornish  type,  with  a  single 
internal  flue,  and  a  longitudinal  steam  chamber  fixed  above  the  shell.  It  was  heated,  as 
is  common  in  such  works,  by  the  flames  passing  off  from  the  iron  furnaces, 
the  flames  of  one  of  these  passed  through  the  internal  flue  in  one  direction,  and  those 
from  two  others  passed  outside  the  shell  in  the  other  direction.  These  furnaces  were 
placed  immediately  at  the  ends  of  the  boiler,  one  at  one  end  and  two  at  the  other.  The 
dimensions  of  the  boiler  were  as  follows: — Length,  25  feet;  diameter  ofthe  shell,  5ft.  3in. ; 
of  the  internal  flue  tube,  2ft.  3in. ;  thickness  ofthe  plates,  three-eighths  throughout,  with 
the  exception  ofthe  flat  ends,  which  were  half  inch,  and  strengthened  with  gussets  in  the 
ordinary  way.  The  wreck  was  so  complete  that  sc  .vc.„  a  trace  ofthe  fittings  remained  ; 
but  they  are  reported  to  have  consisted  of  two  s  fety  valves  two  and  a  half  inches  n 
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diameter,  a  float  and  glass  water  guage;  which  latter,  however,  had  been  broken  a  short 
time  previous  to  the  explosion ;  while  there  remained  on  the  ground  the  feed  back 
pressure  valve  and  the  feed  stop  tap.  The  load  on  the  safety  valve  was  stated  to  have 
been  70  Dounds  on  the  square  inch ;  but  the  boiler  had  not  been  fitted  either  with  a  steam 
pressure  suage  or  with  a  tap  for  applying  the  indicator,  so  that  no  means  had  existed  of 
checking  the  actual  pressure  when  the  steam  was  up.  The  rents  in  the  boiler,  as  well  as 
the  flight  of  the  parts  consequent  on  explosion,  were  extremely  complicated,  and  are 
difficult  clearly  to  describe.  Generally,  it  may  be  stated  that  the  shell  and  internal  flue 
tube  had  been  completely  torn  asunder  one  from  the  other,  and  that  each  of  the  end 
plates  gusset  stavs  and  all,  had  been  wrenched  from  both  shell  and  tube.  To  2:0  more 
into  detail.  The" shell  had  been  rent  transversely  into  two  parts,  and  the  longitudinal 
steam  chamber  dismantled.  The  internal  flue  tube  had  collapsed  and  separated  into  four 
lengths,  fracturing  at  the  ring  seams  of  rivets.  The  longitudinal  seams  which  were  at 
the  aide's  of  the  tube  ran  in  line  from  one  end  of  it  to  the  other,  and  the  collapse  which 
is  usually  vertical,  was  in  this  case  lateral,  and  had  brought  these  longitudinal  seams 
from  each  side  of  the  tube  close  together.  This  was  the  ease  in  each  segment  of  this 
disjointed  tube.  The  end  plates,  which  had  been  built  in  pieces,  were  separated  at  each 
of  the  seams,  and  disengaged  from  the  shell  and  flue  tube  by  shearing  both  rings  of  angle 
iron  One  gusset  adhered  to  the  end  plate,  but  in  the  main  they  were  torn  "away  from 
bo'li  end  and  shell.  There  were  many  minor  fragments,  which  were  completely  curled  or 
crumpled  up.  The  cause  of  this  explosion  was  attributed  at  the  inquest  to  shortness  of 
water  which,  leading  to  overheating  of  the  plates,  had,  it  was  supposed,  on  the  re-intro- 
duction of  the  feed,  resulted  in  a  sudden  and  excessive  pressure  of  steam.  This  was 
imputed  to  the  carelessness  of  the  engine  tenter,  and  the  .jury  found  him  guilty  of  man- 
slaughter ■  in  consequence  of  which  he  was  committed  to  the  next  assizes  for  trial.  There 
is  "ood  reason  to  question  the  correctness  of  the  above  conclusions,  and  to  attribute  the 
explosion  to  other  causes  than  shortness  of  water  and  the  negligence  of  the  engine 
tenter.  The  pressure  of  seventy  pounds  to  the  iuch,  at  which  the  safety  valves  were 
stated  by  the  manager  of  the  works  to  have  been  loaded,  was  excessive  for  a  boiler 
of  such  construction;  not  so  much  so  for  the  shell  as  for  the  internal  flue 
tnbe  the  lstter  not  being  half  the  strength  of  the  'former.  This  must  have  been 
the  ease  even  when  the  boiler  was  new  and  even  if  the  tube  was  perfectly 
circular;  but  since  the  tube  had  been  repaired,  in  consequence  of  overheating,  and  very 
frequently  a  good  deal  of  straining  occurs  in  replacing  old  plates ;  also,  many  tubes  are 
found  on  actual  measurement  not  to  be  truly  circular,  although  nominally  so;  and  had 
this  been  the  ease  in  this  instance,  its  strength  would  have  been  considerably  less  than 
half  that  of  the  shell.  In  attempting  to  unravel  the  complicated  rents  produced  in 
boilers  on  explosion,  it  is  important  to  bear  in  mind  that  girder  strains  and  leverages, 
the  amount  of  which  it  is  difficult  to  calculate,  are  induced  in  the  plates  as  soon  as  the 
statical  equilibrium  is  disturbed  by  the  occurrence  of  a  rent.  Collapse  of  flue  tubes  has 
been  found  in  other  eases  to  break  them  up  into  short  lengths  at  the  ring  seams,  and  to 
shear  the  end  angle  irons  through  at  the  roots,  as  was  the  case  in  this  instance.  Upon 
careful  consideration  of  all  the  circumstances,  to  enumerate  the  whole  of  which  would 
be  tedious,  there  appears  every  reason  to  believe  that  the  explosion  resulted  from  the 
collapse  of  the  flue  tube  consequent  upon  its  inherent  weakness,  and  not  ir'rom  shortness 
of  water-  while  that  collapse  might  have  been  prevented  either  by  the  introduction  at 
the  time  of  the  construction  of  the  boiler,  of  flanged  seams,  or  hoops  of  T  iron,  angle 
iron  or  other  approved  form,  or  else  by  the  addition  to  the  flue,  since  it  was  made,  of 
angle  iron  hoops.  "  The  second  explosion  was  of  a  much  simpler  character  than  the  one 
just  referred  to,  and  occasioned  scarcely  any  damage  to  property.  The  boiler  was  of 
plain  double-fined  internally-fired  construction,  such  as  is  in  general  use  at  cotton  mills 
111  Lancashire.  Its  length  was  26ft.  Bin. ;  the  diameter  of  its  shell,  7ft.  Gin. ;  and  of  its 
internal  furnace  tubes,  Jit.  loin. ;  the  thickness  of  the  plates  in  both  being,  from  three- 
eighth-  to  seven-sixteenths.  The  fittings  were  complete  as  to  number,  as  well  as  satis- 
to  condition,  and  all  that  was  necesaasy  with  das  care  for  safe  working.  The 
working  pressure  was  stated  not  to  bam  exceeded  thirty-five  pounds,  and  there  was  no 
rea-on  to  doubt  tic  correctness  of  this,  while  the  boiler  was  perfectly  capable  of  working 
safely  at  a  much  higher  pressure,  as  long  as  it  was  in  good  condition.  On  examining 
the  boiler  it  was  at  nine  apparent  that  it  had  not  exploded  either  from  excessive  pressure 
or  shortness  of  water,  bul  from  thinning  of  the  plates  through  external  corrosion,  from 
which  a  rent  occurred  in  Hie  last  ring  of  plates  of  the  shell  in  the  left-hand  flue  imme- 
diately above  the  brickwork  on  which  II. e  boiler  rested,  it  being  set  on  what  are  termed 
side  walls.  This  rent  extended  longitudinally  through  the  solid  of  the  plate,  throughout 
its  whole  width,  from  one  ring  seam  Hi  rivets  to  the  other,  but  opened  only  a  few  inches 
transversely  forming  a  slot,  the  edges  of  which  were  blown  outwards  into  the  form  of 
lips.    The  plate  tit  ibis  part  was  reduced  i. rrosion  to  the  thickness  of  a  sheet  of 

brown  paper,  and    some   1 ' IS   were  broken   oil'  with   the  finger    In  01 i'  the  jury  its 

specimens.  It  may  be  added  that  daylight  could  be  distinctly  seen  through  the  adjoining 
plate,  which  had  not  been  disturbed  from  its  original  position  bj  tin-  explosion,  but  was 
completely  eaten  through  by  corrosion  in  the  form  of  vein-,  M  that  either  leakage  must 
have  been  going  on  at  this  part  for  some  time,  which,  however,  it  can  icaj 
Imagined  could  have  escaped  detection,  or  else  the  plate  most  have  depended  >>i.  I 
big  of  scale,  such  as  was  to  be  found  in  other  parts  of  the  boiler,  for  keeping  it  tight. 
It"i-  imu-u.-il  for  a  longitudinal  rent  in  a  cylindrical  --hell  tn  confine  1'  narrow 

limits  ;is  this  bad  dune,  and  the  fact  is  to  be  attributed  to  the  proximity  of  the  end  plate 
and  the  lowness  of  the  working  pressure.    The  rush  of  steam  and  water  had  blown  up 

the  upper  pari  of  tin-  brie  I.  work  line,   lull    the  boiler   was  nut  moved  from  it  -  pill 

do  further  damage  to  property  appeared  to  have  been  done.  The  loss  of  111 
bi  tbe  explosion  resulted  from  scalding,  the  persons  killed  being  in  tbe  boiler-room  at 
the  time,  'fhe  corrosion  which,  as  previously  stated,  wis  external,  was  caused  by  damp 
in  Hie  flue,  the  plates  being  most  seriously  affected  lor  a  considerable  distance  lions,  the 
-eating,  In  addition  to  tin-  part  actually  rent.  This  was  al  once  apparent  upon  entering 
the  Roes,  where  large  cakes  of  oxide  wire  readily  collected.  Competent  Inspection  could 
nothave  failed  to  hare  detected  tl rrosion  and  prevented  the  explosion     The  flues 

I  to  have  been  -wept  out  about  om-e  a  year  only,  whereas  this  should  b 
:il  lea-;  every  three  months,  not  only  to  prevent  In  !  Hull  mail  result  from  an 

Ittlation  of  Mint,  I. ut  also  "1  order  to  afford  an  opportunity  of  examining  the  condi- 
tion ..f  the  plates." 

MINES,  METALLURGY,  &c. 

COAI  UTD   Iro:»  Works  t\   licssn. — Within  the  last    two  months  a  number  of  men 
left  the  Dawlais    and  liliyinae    Ironworks  for   Bussta,     A  gentleman  conn. -.ted  with 

tne-Government  of  that  eouniry,  came  over  and  seleet  ed  best  workmen  con- 

I  with  these   works,  and  the  wage-  OgT I  I"  be  paid  them  were  from    812,    I 

double  and  treble  the  tej  thej  earned  in  Wales,    it   appears  thai 

UVge  ironworks  are  about  to  be  started  in  lln     1:1,  and,  B    metallurgy  and  iron-making  are 

comparatively  unknown,  the  far-soeing  Muscovites  no  doubt  thought  it  would  be  well  t" 

have  some  practical  men  from  this  country.    Oi 1  tin-  pasty  i-ni ted  te  return 

shortly,  it  having  1 n  determined  to  secure  the  services  of  t  tew  \\  olsh  colllsa  as  well. 

The  Coppeh  Minus  ok  Sorrii  Aistrai.u.     The  Uoonte  Mini  ha-  de.  lured  a  dividend 

■mounting  to  £82,000,  or  tin.  per  share,     \  iscond  sfanller  dividend  it  is  expected,  will 

he  declared  in  January.     Tbe    Hurra  M baa alaO  paid  another  dividend  01  £6,  on  the 

original  £6  shares,  being  the  SOth  dividend  of  100  per  cent,  that  baa  now  been  pi 

of  that  mine.     The   first  work   on    a  practical  rale  for  reducing  ores   In    Roddafl   patent 

firoorte  have  been  completed  at  the  NOW  Cornwall    Mine,  and  a  company  Is  in  pro. 
urination  for  erecting  more  extensive  works  at  other  mines. 


Ox  the  Quicksilver  Hikes  of  Califorxia,  Br  Dk.  L.  Feuchtwan-gek. — Among 
the  inexaustable  resources  of  California,  quicksilver  is  one  of  the  most  interesting  and 
profitable,  for  the  simple  reason,  that  the  cost  of  mining  and  extracting  the  metal  from 
its  ore,  the  cinnabar,  is  the  least  expensive  of  all  the  valuable  and  costly  ores,  such  as 
gold,  silver,  and  copper.  The  yield  of  quicksilver  is  from  70  per  cent,  down  to  25  per 
c.eat.,  and  the  mode  of  separation  is  very  simple.  The  new  Almaden  mine  has  sixteen 
furnaces,  containing  20,0001bs.  of  the  cinnabar,  and  two  larger  ones,  containing  90,0001bs. 
of  the  ore,  and  producing  daily  100  flasks  of  751bs.  of  quicksilver  each.  Having  visited 
many  localities  in  the  month  of  May,  1S62,  I  feel  satisfied  that  quicksilver  will,  ere 
long,  form  an  important  item  of  export  to  every  part  of  the  world,  for  the  steamer  on 
which  I  left  San  Francisco  had  a  considerable  number  of  flasks  for  China,  Mexico,  and 
England ;  and  with  the  increased  demand  in  the  Washoe  district  for  the  extraction  of 
silver,  the  new  gold  placers  of  Victoria  and  Cariboo,  and  all  the  other  cinnabar  mines  of 
the  Sonama  and  Xapa  valleys,  will  likewise  be  put  in  requisition.  The  new  Almaden 
mine  has  long  been  known  to  the  Mexicans  and  Indians,  the  cinnabar,  when  ground  fine, 
being  called  vermilion.  It  was  made  an  article  of  traffic  by  the  Indians  along  the  coast 
as  their  red  paint.  From  them  the  early  white  settlers  of  California  learned  the  locality, 
and  a  Captain  Castilero,  of  the  Mexican  service,  registered  the  lands  as  his  property,  and 
formed  a  company  for  the  purpose  of  extracting  the  quicksilver.  Messrs.  Bolton  and 
Barron  now  hold  the  Castillero  title,  and  an  injunction  which  had  been  laid  upon  the 
mine  for  several  years  has  been  removed  this  year,  and  the  mine  is  now  their  rightful 
property.  From  the  magnitude  of  the  mine,  as  well  as  of  the  smelting  works,  and  the 
proper  manner  of  operating,  I  feel  satisfied  that  a  more  prolific  mine  does  not  exist  any- 
where. Along  the  range  of  these  mountains,  only  three  miles  distant,  is  another  quick- 
silver mine,  called  the  Guadaloupe,  which  yielded  considerable  quantities  a  year  ago  ; 
and  the  new  Price  and  Enriquets  mines,  belonging  to  the  same  range  of  mountains, 
yielded  14,007  flasks  of  quicksilver  in  1860.  A  very  rich  and  extensive  deposit  of  cinnabar, 
called  the  Aurora  quicksilver  mine,  occurs  in  the  quartz  of  Monterey.  In  Sonama 
county,  in  the  vicinity  of  Mount  St.  Helena,  near  the  famous  Geyser  Springs,  a  range  of 
mountains,  about  ten  miles  in  length,  is  found  quicksilver  ore  in  great  abundance.  The 
Pioneer  mine  is  nearest  the  Geysers,  and  the  pure  metal  may  be  detected  everywhere 
running  out  from  the  rocks.  Xext  comes  the  Pacific  mine,  which  has  likewise  fair  pros- 
pects for  a  solid  and  regular  vein  of  the  cinnabar.  The  Denver  mine  and  the  Dead- 
Hroke  mines  have  also  the  strongest  indications  of  regular  veins.  In  Knight's  Valley,  in 
Sonoma  county,  in  Santa  Clara  country,  in  El  Dorado  county,  are  also  found  indications 
of  regular  mines;  and  in  Mariposa  county,  at  Phillips'  Ferry,  near  the  Stanislaus  river, 
in  the  Mono  diggings,  a  lead  of  cinnabar,  thirty  feet  in  width  and  seven  miles  long,  has 
been  discovered.  At  the  Rogue  and  Klamatts  rivers  rich  leads  of  quicksilver  have  also 
been  discovered. 

APPLIED  CHEMISTRY. 
Hydrogen  Gas.— Mr.  Christopher  Bink6,  of  Parliament  Street,  proposes  to  obtain 
hydrogen  gas  by  the  decomposition  of  steam,  such  steam  being  passed  through  wood, 
charcoal,  coal,  or  coke.  It  has  hitherto  been  usual  to  heat  the  wood,  charcoal,  coal,  or 
coke,  and  then  pass  the  steam  at  the  ordinary  temperature  through  them,  but  as  an 
improvement  upon  this,  Mr.  Binks  proposes  to  superheat  the  steam,  and  keep  it  at  a  high 
temperature  while  it  is  passed  through  the  wood,  charcoal,  coal,  or  coke,  at  an  ordinary 
temperature,  the  result  being  that  the  hydrogen  is  more  cheaply  and  readily  produced. 
O.v  the  Formation  of  Acetixide  of  Copper  is  Copper  tin  is  run  i'owiwxi. 
LlOHTDJQ  Has,  bv  M.  Chova. — It  is  well  known,  that  copper  lubes,  long  used  to  con- 
duct lighting  gas,  have  sometimes,  during  the  cleansing  of  the  interior,  occasioned  very 
dangerous  and  sudden  explosions,  occasionally  proving  fat  al  to  the  workmen.  In  one  of 
the  scientific  reviews,  an  accident  Of  tins  kind  is  recorded  as  happening  at    Philadelphia. 

Acetylide  of  copper  having  the  property  of  detonating  by  an  elevation  of  the  tempera- 
ture or  by  a  blow,  and  the  presence  of  acetylene  in  lighting  gas  having  been  recently 
proved  by  M.  Berthelol,  I  have  tried  to  ascertain  whether  acetylene,  in  presence  of  air, 
could  combine  with  copper,  and  so  form  acetylide  of  copper.  D]  passing  a  mixture  of  air 
and  moist  acetylene  through  a  glass  tube  containing  bright  copper  turnings,  ibis  metal 
tarnishes  rapidly,  assumes  iridescent  colours,  and  finally  becomes  black,  lull  as  this  altera- 
tion takes  place  only  on  the  surface  of  the  metal,  it  is  very  limited.  By  using  copper  se- 
duced by  hydrogen,]  extended  the  surface  of  the  metal,  a  small  quantity  of  metal  was 
placed  iii  two  flasks  containing  a  mixture  of  equal  volumes  of  air  and  acetylene,  and  also 
in  one  of  the  flasks  a  drop  of  ammonia.  The  two  llasks,  well  stoppered,  their  necks 
plunged  in  water,  were  left  to  themselves  tor  two  days,  They  were  then  carefblh  opened, 

and  the  water  entering  them  absorbed  nearly  half  the  gaseous  volume.     The  absorption 

seemed  to  be  somewhat  greaterin  the  flask  containing  ■  little  ammonical  vapour.    The 

copper  turned  black,      Utcr  washing  and   dning.    I    found  that    it    contained  a  notable 

quantity  of  acetylide  of  copper;  for,  heated  with  hydrychlorlo  acid  is  disengaged  acety- 
lene, and  tluown  on  a  heated  metallic  plate,  a  loud,  r  explosion  resulted  than  with  pure 
acetylide,  and  without  deposit  of  carbon.  This  difference  will  be  readily  understood,  tor 
tbe  acetylide  formed  during  my  experiments,  [hiding  Itself  in  presence  of  1  oxide 

of  copper,  the  carbon  and  hydrogen  ol  the  acetylfde  were  entirely  destroyed,  it  1-  evident 
thai  1  opper,  In  presence  of  air  and  acetylene,  is  spontaneously  transformed  Into  acetylide 
of  copper  containing  excess  of  oxide.    As  lighting  gas  ... mains  acetyline,a  little  air,  and 

perhaps  even  sonic  aninionieal  vapours,    it    is  obvious   that    acetylide  ol  copper   may  be 

formed  in  tubes  wldch  have  served  to  conduct  lighting  gas. 

ii\    mi      I'io.mii     I     (UUXI08    Ol     mi    -.111101     Si  1. minis    iiintumh    is    Cl 

Sodas,  bi  m.  H.  Lmtxllb.    Soluble  sulphides,  the  formation  of  which  in  the  mann- 

laeture  of  artificial    soda  eannot    be  entirely   prevented,   are  of  great    Importance  when 

I  In  connection  with  tbe  commercial  value  of  this  product,     It  Is  important 
in  the  course  of  the  manufacture,  to  determine  froquentf)  the  relative  proportions  of 

sulphides  contained  In  crude  sodas.     These  estimations  eau  be  made  rapldl]  and  •  xaellv 

by  the  following  method,  based  on  the  Insolubility  of  sulphide  ol  silver,  and  the  solubility 

ut  it.  cms  salts,  in  presence  of  ammonia.  Prepare  a  normal  liquid  ol 
ammoniacal  nitrate  of  silver  bi  dissolving  i;r  <^«>  grammes  of  flue  silver  in  pure  mine 
acid, adding  260  cube  centimetres  of  ammonia,  and  diluting  with  water  to  1. ring  the 
volume  to  1  hire.    Eaeb  cubic  centimetre  of  this  solution  corresponds  t"  0-010  grammcof 

1    1,  d     Hum.    Then  dissolve  in  water  the  substance  to  be  analysed  add 

iia.  boil,  and  then  add,  drop  b)  drop,  by  means  of  a  burette  divided  into  ten: 
entimetr..  the  auimiiiiaeal  silver  liquid,  and  a   black   precipitate  of  sulphide  of 

place.       When    nearly    all   the  sulphur  is  precipitated,   tiller,    and    into  (lie 

i  liquid  pour  a  fresh  quantity  "i  silver  solution,  until,  after  repeated  nitrations,  a 
dr  ip  ol  this  liquid  produces  only  a  slight  opacity.  1  'he  estimation  is  then  at  an  end,  and 
i  is  0 nl\  neeeesarj  to  read  the  divisions  indicated  bj  the  burette,  and  to  compare  this 
oumberwith  that'  of  the  weight.  To  estimate  very  small  quantities  of  sulphide,  the 
argentiferous  liquid  must  he  more  diluted,  and  so  that  each  cubic  centimetre  corresponds 
to  O'OOJ  gramme  of  sulphide.    By  this  rapid  method,  which  at  most  require-   Bvc 

minutes,  I  have  estimated  the  amount  of  sulphides  contained  in  the  washings  of  SOdS 
mil  ..I  artificial  sod  '  ftslned    that    the  best    sodas  always 

contain  from  0*10  to  010  per  cent,  of  sulphldai  while  those  submitted  for  too  long  a 
time  to  toe  actfon  of  fire,  distinguished  •-.  contssn  n  proportion  rising  to  1. 

S,  end  even  6  per  cent    Buohvariai s  effect  the  qoalrtti  and,  consequently, 

.1. -1 1  tor  tin-  manufacture  of -aits  of  soda.    It  is.  then,  necessary  to 

troq tlj  as  p..-  ii.ic,    Moreover,  thepresen 1  chlorldeol 

-odium,    sulphate,    carbonate    Ol  lie    soda,  .v..-..    makes  no   dilfercnce    in  tbe 

Inbility  In  anrmonla  ol  the  proctpltatfl  given  1. 

with  nitrate   .1   -■:. 
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LIST  OF  APPLICATIONS  FOR  LETTERS 
PATENT. 

\VK  HAVE  adopted  a  nkw^akrangement  of 
the  Provisional  Protections  applied  for 
by  Inventors  at  the  Grkat  Seal  Patent 
Office.  If  any  difficulty  should  arise 
with  reference  to  the  names,  addresses, 
or  titles  given  in  the  list,  the  requi- 
site information  will  be  furnished,  free 
of  expense,  from  the  office.  by  addressing 
a  letter,  prepaid,  to  thk  editor  of, 
"The  Artizan." 

Dated  Deckmber, 24th,  1862. 

3430  T.  C    Hiude— G-mratin g  carbonic  oxide. 

3431  S.  Haslam   &  A.  Eato  ugh— Preparing  cotton 
to  be  spun. 

3432  G.  H.    Birkbeck — Instruments    for  surveying1 
and  levelling, 

3433  J.    Broaiibent    &    J.    Robinson— Opening;   and 
cleaning-  cotton. 

3434  F.  N.  Gisborne— Indicating  the  speed  of  ships 
nt  sea. 

3435  A.  P.  Tronchon— Firearms. 

3436  J.  S  Smith — Looms  for  weaving:. 

3437  W.  C.  Galloway— Pianofortes. 

3436  W,  Henderson— Obtaining  iron  and  steel  from 
certain  ores  and  residual  products. 

3439  XV.  Clark— Applying-  heat  to  the  feet  in  boots 
and  shoes 

3440  H.  T.*elvetrees— Washing  machines. 

3441  J.  Fairless— Milking  cows, 

3442  It.  Lakin  &  J,  Wain— Spinning;  and,  doubling 
cotton. 

3443  E  Stevens— Makingbread,.biscuits,and  pastry. 

3444  J.  Tavlor— Carding-  cotton. 

3445  J.  &  XV.  Lord— Fluting  rollers. 

3446  J.  H    Johnson — Stamping  paper. 

3447  D.  G.  Hope — Obtaining-  and  applying-  motive 
power. 

3+48  A.  V.  Newton— Skates. 

3449  J.  Piatt    &   XV.  Richardson— Pulverising-  arti- 
ficial manures  and  chemical  salts. 

3450  C.J   Denton — Revivifyiug  nuimal  charcoal. 

3451  R.  Kuox— Metallic  pens. 

Dated  December  26th,  1862. 

3452  W.  Clark— Fire-arms. 

3453  C.  F.  Varlev—  Electric  telegraphs. 

3454  E   T.  Loseby — Ascertaining  the  pressure  and 
the  moving  fuice  of  the  atmosphere. 

3455  J.  Swainson— Pill  boxes. 

Dated  December  27th,  1862. 

3456  XV.    H.   Samson — Cultivating   land  'by  steam 
power. 

3457  M.  F.  A   Courlois— Wax  candles  aud-torches. 
345S  J.  &  S.  Freinantle— Propelling  vessels. 

3459  J.  Tetrie— Slide  »alvesfor  steam  eugiues 

Dated  December  29th,  1S62, 

3460  M.Ker— Wardrobes. 

3461  J.  G.  Taylor — Drvss  fastenings. 

34r»2  J.    H.      Riddell— Pipe.,    for   couveying*    gases, 

fluids,  or  vapours. 
34o.i  J.  H.  Riddell—  Stoves. 

3464  A.   XV.    Sleigh— Making   ships    and    batteries 
impenetrable. 

3465  F.  Tolhausen—  Petroleum  or  coal  oil  as  fuel. 
3*66  G.  Haseltine— Cartridges. 

34n7  C    E.  Wilson— Weaviug  apparel  for  the  neck. 
3463  W.  E.  NeAtou — Preserving  organic  substances 
from  decav. 

3469  W.  Billiughurst  &  J.  Requa— Portable  battery. 

Dated  Deckmber  30th,  1862, 

3470  J.  Johnston— Surface  refrigerator. 

3471  J.  Robs- n,juu.— Fittings  for  stove  grates. 

3472  J.  H.  Jolmson— Ingot  moulds. 
S473  H.  A.  Bonneville— Saddles. 

3474  P.  B.  Anderson— Watches. 

3475  W.  &  H    Bowser— Protecting  iron  and  steel. 

3476  W.  Mould— Plaiting  and  measuring  fabrics. 

3477  J.  E.  Carter— Chimney  tops. 

3478  W.  Richards— Fire-arms. 

3479  W.  Clark— Governing  apparatus. 

3480  C.  Beslay— Steam  endues. 

Dated  Dkcembkr  31st,  1862. 

3481  B.  Bottomley—  Doubling  threads  of  cotton. 

3482  W.  It.  Adams— Railways  and  tramways. 
3183  F.  A  pplegate— Woollen  c;oth. 

3484  J.S.  Smith  &J.  Hardman— Power  looms 
34S5  J.  W.  t\  Field—  Breech  loading  tire-arms. 
348(i  W".  Clark— Arrangement  of  the  parts  of  ra;l 

way  trains  and  the  application  of  power  for  their 

propulsion. 
3487  J.  M.  Napier— Heating  apparatus. 
34H8  V.  Jauues— CjiKes  for  pipes  aud  citrars. 

3489  F.  Loret— Dounle  weft  forks. 

3490  W.  Maltby— Extinguishing  fires. 

Dated  January  1st,  1863. 
J   R    H.  Collyer— Paper. 

2  W.  H.  Brown— B.ttery  plates. 

3  G.  Allcrot't— Pressure  and  VHCuumsauires 

4  M .  E    Bo»™  *  A.  n    F.aun.-E.Lwffcbric,, 
O  J.  1.  smith — Obtaining  motive  power. 

d  R    KnulilB — Traction  engines. 

7  J.  J    Southgate — Portable  fire  escapes. 

8  J.  Jones— Stiffening  textile  labrics. 

ta  )Y/  iou,ter- Haisingand  planishing  metals. 
1Q   W.  Rnbinson-tilasses  for  lamps. 

11  J.  E.  Baker  &.  J.  Laud  n— Boots  and  shoes. 

Dated  January  2nd,  1863. 

12  W.A.  D. stin—  Pipes. 

ill  n'  2'  1Bl,^™|l-<M>po.ratus  for  burning  oils. 
14  C.  Eylund — Buckles, 


15  H.  Lvon— F.nishmg  and  packing  cigars. 
If,  A.  Bam  ford,  R    Blumley,  R.  Taylor,  &  J.  Lett— 
Looms  for  weaving-. 

17  E  T.  Hughes— I'rodiicmg  designs  upon  velvets, 
eloth.  furniture,  and  hangings. 

18  TV.  H.  Muntz— Attaching  sheathing  to  iron  and 
otht-r  vessels. 

19  H.  J.  Sergeant— Dressing  aud  finishing  silk  and 
other  fabr.es. 

20  J.  E.  I >owson— Wrought  metal  piles,  columns, 
and  shafts. 

21  R.  C.  Ransom--— Reaping'machines. 

22  A.  S.  Bolton— Wire. 

DatedManuary  3rd,  1863. 

23  H.  Jones— Stenm  engines 

24  E.  Skull  &  E.  Mealing— Chairs. 

25  W.  Philippi — Bearings  and  axV  boTt*s  for  ma- 
chinery, carriages,  and  railway  rol'iiig  stock. 

26  S.  White— I'uriryiui:,  bleaching,  and  retiuing 
oils  and  oily  and  fat  y  matters. 

27  W    Astrop — Paper. 

'2H  C.  1J    dough— Curing  smoky*cliimn*ys, 

29  VV.  T.  Smallware    «t   C.  B.    Weaver— Covering 

steel  for  making  crinoline  skirts. 
M0  VV.  E.  Newton — Firiug-  cannon  and  fire-arms. 

Dated  January  5th,  1863. 

31  E.  B.  Keeling— Lighting  halls  and  theatres. 

32  H.  Yates— Shovel*  and  spades. 

33  J.  A.  Cooper — Substitute  for  silk,  cotton,  and 
flar. 

34  J.  Howard  &  J    Bullough— Warping  machines. 

35  H.  Blacktm — Pi-esprving  money,  papers,  or  o;her 
property  at  sea  in  cise  of  shipwreck. 

36  A.  Monnet — Twisting  and  throwing-  silk. 

37  H.  Bessemer— Pressing,  moulding-,  embossing, 
shaping,  crushing,  sh^nriug,  and  cutting- metallic 
substances. 

38  H.  Chamberlain — Generating  and  condensing 
steam  aud  evaporating'  liquids. 

39  1).  Neviu  JtW.  Coppin—  Clearing  and  separating 
the  woooy  parts  from  flax  aud  hemp. 

Dated  January  6th,  1863. 

40  J.  A.Munn  8c  J.  D.  Cobb— Automatic  walkinp 
dolls  and  oih--r  figures. 

41  W.  E.  Newton — Magneto  electric  telegraphs. 

42  C.T.JudKins— New  alloys. 

43  J.  Eckersley — Spinning-  silk,  cutting  pile  fabrics, 
and  v>  eaving  fibrous  materials. 

44  J.  Leigh — Treatment  of  g-  s  produced  by  distilla- 
tion of  coal,  cannel.  bituminous  shaie,  hog-head, 
mineral  oils,  pecole.nm  or  other  combustible  sub- 
stances, and  obtainingeertain  products  therefrom. 

45  T.  and  T.  Vicars,  jiii.,  *t  T.  Ashmure— Bread 
and  biscuits. 

45  J.  A   Knight — Printing  presses. 
4"  M.  Hocg«rt— I'ressiug  cotton. 

48  E.  V.  Gardner— Tieatment  of  petroleum  aud 
mineral  oi  s. 

49  J.G.  Dahlke— Bricks  and  tiles. 

50  G.  Turner— Making  leather  from  waste  pieces  of 
leather. 

51  J.  Whitworth  &  VV.  W.  Hul=e— Ord..ance. 

52  J.  H.  Johnson  — Rocket  toipedos. 

Dated  January  7th,  1363. 

53  J.  Nealfi—  Caps-lies. 

54  T.  F  Casliin — Coverii 
hoops  for  skirts. 

55  \V.  Crabtree  &.  J.  Ciowther—  Perching  and  dress- 
ing textile  f'ubiics. 

56  W.  S    Bruce— Lucifer  matches  and  fusees. 

57  T.  Storey — Compound  wa  eipr»of and  ornamental 
fabrics. 

58  W.  Clark— Advertisin-r. 

59  G.  C.  Gii-iies — Treating  splints  for  matches. 

60  G    A.  Huddait— Buttons. 

tii  T.  Avehng — Tractiou  engines. 

62  G.  Duwler—  Match  boxes. 

63  G.  T    flou  Held— Skate  fasie.  ers. 

64  H.  Harben-Cleiming  machinery. 

b'5  J.  H.  Johnson — Permanent  way  of  railways. 

Dated  January  3th,;lS63. 

66  R.  Groga" — Propellers  for  vessels. 

67  L,  Hull— Treatment  of  ground  caoutchouc. 

68  A.  Guild— Breaking  and  cleaning  flaxaud  hemp. 

69  C.  Allen— Sis-nailing  on  railways. 

70  R.  T.  Sc  R.  Muuteith— dyes  from  aniline  and  its 
analogues. 

Datbd  January  9th,  1S63. 

71  J.  Punshon— Balance  cvliuderwith  counter-pres- 
sure,  and  the  valves  connected  therewith,  for 
stationary  aud  locomotive  Steam  enyims. 

72  C.  WorsSi.m — Lithographic  press. 

73  W.  H    Tucker— Locks 

74  R.  Thomas— Rendering  hair  wavy. 

75  C.  E.  Gray — Wringing  macniiies". 

76  E.  A.  Goupil— Spherical  wheel. 

77  M.  Cartwr.ght— Alarums. 

78  D.  B.  I'arsons— Reaping  and  mowing  machines. 

79  E.  T.  Hughes— Printing  woven  fabrics,  warps, 
and  paper. 

80  D    Collinge— Preparing  cotton  to  be  spun. 

81  W.  H  Moreland  &  J.  Chappell— Winding,  warp- 
ing, beamiug,  or  dressing  machines. 

82  G.  B    Price— Siirht>  for  fire-arm*. 
S3  W.Tasker— Harrows. 

84  M.  Heiitj — Furnaees. 

Datkd  January  10th,  1863. 

85  W.  Grove — Sawing  and  cutting  wood. 

86  W.  Grove — Sawing  wood. 

87  R.  I.uthy — Hydrostatic  presses. 

88  M.Vogl— Fastening  for  bagH. 

S-9  L    H.  E.  Lcpreux— Hjgrometric  plates. 

90  F.  Fenton— Pulp  for  paper  making. 

91  E.  Powers  &  J.  G.  Daie— Caustic  soda  aud 
pjtaah. 

Dated  January  12th,  1863. 

92  D.  Dawson— Magenta  colour  or  dye. 

93  E.  D.Chattawaj — Railway  siguals. 


,  crinoline  steel,  or 


94  E.  ^Stevens— Ovens,    hot    plates,    aud    cooking 

apparatus. 
95'W.  Clark— "Winding  or  copping  frames. 
9«"W.  C  ark— Caniiug  engines. 
97*W.  Clark— Green  colouring  matter. 

98  A.  I.  Mahon— Screw,  paddle,  aud  submarine 
propellers, 

99  W.  E.  Newton— Application  of  power  desi  ned 
for  stationary  and  truCtion  engines,  propellers, 
aud  other  machinery. 

Dated  January  13th,  I8i3. 

100  T.  G.  I«wis— Perambulators,  iuvalid  chairs,  and 
other  chairs 

101  J.  B.  Keuby  —  Apparatus  to  be  attached  to 
piunnfortes,  organs,  and  other  similar  keyed  m- 
Htrum-nts  rnr "printing  the  score  of  any  music 
performed  on  the  sa  d  instruments. 

102 fT.  Boyle — Comic  stereoscope 

103  D    &  J.Tamiahill— Rivet-making  machinery. 

104  W.  I'latts  St  J    Bai lev— Telegraphic  cables. 

105  J   T.  Stroud— Fixed  aud  portable  lights 

106  C.  H.  Townseud  &  J  Young— Compositions  for 
preventing  incrustation  and  corrosion  in  steam 
boilers  aud  condensers. 

107  R.  A.Broomati — Lifting  bobbins  off  spindles  iu 
spinning  machines,  aud  lubricating  spindles. 

108  W.  Southwood— Nails  or  biadB. 

109  M.  Tildesley — Padlocks  and  other  locks  and 
keys. 

Ill)  C.  E  Amos — Paper. 

111  L.  Lescuver — India  rubber  overshoes. 

112  T.  Butler— Lace. 

113  J.  B.  Rock— Saving  life  a-  d  property  from  fire 
and  other  danger  iu  buildings  and  mines. 

114  H.  BeSsem  r— Treatment  of  malleable  iron  and 
steel. 

Dated  Januahy  14thriS63. 

115  J.  Kidd— Measuring  the  quantity  of  gas  sup- 
plied to  single  burners,  and  increasing  its  illumi- 
nating power. 

116  W.  Pidding  —  Soles  and  heels  of  bcots  and 
s.hoes,  stud  nai.s.  tips,  and  toe  vt  other  plates. 

117  J.  A.  Sch.umbergr-r — Colours  for  eyeing  and 
printing. 

118  J.  S.  Butler — Bobbin  net  made  on  bobbin  net  or 
twist  lace  machines. 

119  G.  T.  Bousfield— Rolling,  grinding,  and  cutting 
files. 

120  G.  A.  Biddell — Pulping  turnips  aud  other  yege- 
table  substances. 

121  B    Burrows— Looms  for  wea-.ing  uarrowfabrics. 

122  J.  Lnwson — Holding  castings  and  other  pieces 
whilst  beinjr  planed  or  shaped. 

l'J3  E.  Morewood — Coated  metallic  sheets  or  plates 
and  pieces. 

124  Swerping  chimneys  aud  preventing  them  from 
smoking 

125  T    Wilkinson — Tubular  steam  boilers. 

126  W.  Johnson — Chlorine  and  bleaching  powder, 
carbonate  of  soda,  ami  soda  ash  and  su.phate  of 
iron. 

Datkd  Januahy  loth,  1863. 

127  H.  Turner  —  Pr  venting  and  cuiing  blight, 
decay,  disease,  and  r  t  iu  potatoes,  and  other 
garden  and  tarmmg  produce. 

12S  W.  Hulse  &  C.  L.  Hames— Taper  metallic 
tubes. 

129  E.  Howes— Rnilwai.  ship,  and  other  lamps. 

130  T.  C,  Ba.raclouKh— Cutting  metallic  tub.  s. 

131  T.  C.  Rarraclough— Alarum  apparatus. 

132  J.  Harroj) — Treatment  of  organic  fecal  and 
urinous  maiters. 

133  G.  Graham— Turkey-red  dyeing. 

134  R.  Fer.ier—  Wet  gas  m  ters. 

135.  L.  P.  Josse — CleauBing  wheat  or  other  grain  or 
seer.s. 

136  C.  Murrell — Breech-loading-  nre-armB. 

137  J.  P.  Bath— Carriages  for  tram  and  other  roads. 

138  C    H.  G.  Williams— Colouring  matteis. 

139  J.  W.  Child— Spinning  and  weaving. 

140  A.  Prine* — Sewmir  machines. 

141  W.  E   Newton — Microscopes. 

142  D.  F.  Leblauc — Level  indicator  or  liquid  irauge. 

143  R.  A.  Brooraan — Looms  lor  the  manufacture  of 
lace  and  other  fabrics. 

Dated  Januahy  16th,  1863, 

144  J.  Kerr— Stoppimr  railway  and  other  carriages. 

145  L.  Verdure— Slubs  it  rovings  (in  fl.ix,  hemp, 
and  other  filamentous  materials),  produced  by  the 
slubbint:  frame,  and  destined  f  r  fine  spinning, 

146  J.  G.  Wi  iter  &.  C.  E.  Gray— Ve-sels  in  which  to 
cool  and  transport  fatty  or  oleaginous  matters 

147  Al.  Moeglen— Prmiingteveral  colours  in  succes- 
sion on  the  same  surface, 

148  E.  Loysel — Preserving  valuable  property  iu  case*, 
of  shipwreck. 

Datfd  January  17th,  1S63. 

149  W.Shorrock — Power  looms  forweaviug. 
1M)  J    Edwards— Buttons. 

151  J.Lighttoot—  Printing  and  dyeing  textile  fabrics 
and  yarns. 

152  I.  Ashe— Preventing  sea  sickness. 

153  J.  Combe— Sureadi ii g,  drawing,  tnd  carding 
flax  and  othe.  fibrous  substances. 

154  G.  Haycraft— i  owder  flasks. 

155  G.  T.  Bousrield—  Hot-air  engines. 

156  W.  E.  Newtou— But.ons. 

Dated  Jantiaky  19th,  I8G2. 

157  E.Sabel— Artificial  stone. 
15S  C.  Norton — Roughing  stone. 

159  J.  Laurie— Churning  milk  and  mixing  liquid 
compounds. 

160  Sir  W.  O'Shaughnessy  Brooke— Insulators  for 
'    electric  telegraphs. 

161  H.  Rushton— Plaitiug  coiton,  thread,  or  other 
fibrous  material  over  steels  fo.  crinolines. 

162  R.  A.Broomau — Sulphate  cfsod.i  for  conversion 
into  soda 

163  W.  H,  Harrison — Covering  wire  and  other  iron 
articles  for  the  jurposs  of  protecting  them  trom 
oxidatiou. 


164  J.J.  Lundy — Metallic  casks  and  vessels. 

165  B.  Van  der  Mark — Musical  instrument  called 
in  ark  ■harmonica. 

Dated  January  £0th,  1863. 

166  A.  Paul— Obtaining  reciprocating  motion  iu 
steam  engines. 

167  i.  Mosh-itner — Crushing  and  grinding  quartz 
and  other  subs  ances. 

168  J    B  II— Carding  ensiues.  v 

169  W.  Mawson  fc  J.  Whitehead— Hydraulic  ma- 
chiuery  for  raising  water  in  mines,  wells,  and 
other  places. 

170  H.  A.  Bonneville— Clocks. 

17 1  H.   A.    Bonneville — Colouring,    bronzing,    and 


preserve 


i  and  stee 


jiirsci  viiii;    ,l   '"   »"*U  Bieei. 

17l*  fti.  Henry— Apparatus  for  retarding  and  stop- 
ping railway  carriages. 

173  W.  Clark— Looms  for  weaving  textile  fabrics. 

174  J.  Smith  &  S.  A.  Chease-AIot.v,  power  engine. 

175  H.  Hughes  ft  J.  Sanders — Trimmings  and  can 
fronts 

176  S,  Black  well— Applying  wattr  or  other  fluid  to 
the  legs  and  other  parts  of  horses  and  other 
animals. 

Dated  January  21st,  1S63. 

177  J.  W.  Meears — Sash  framesand  sashes,  and  sus- 
pending the  same  by  atmospheric  pressure  or 
otherwise. 

17s  A.  Phillips— Looms  for  weaving  figured  fabrics. 

179  T.  Wright— Cast  iron  pipes. 

180  K.  A.  busch— Metallic  vessels  or  receptacles  for 
containing  liquids  or  substances. 

181  J.M.  Kirk— Finishing-  textile  fabrics. 
1H2  H.  B.  Barlow — Jucquurd  machims. 

183  J.    Holt— Willowiug   and  opening  cotton  and 

other  fibrous  substances. 
164  A.   Bouhee—  Castiug    or  moulding   articles    in" 

glass,  and  imitation  ot  preen  us  stones  or  marbles 
185  W.  Claik— Preparing  and  obtaining  pnotogeuis 

pictures  and  repivs  -ntations. 
18H  \V.  Clnrk — Desiccating  and  preserving  matter 

from  decay. 
187  E.  Baziu— L-g, 
1SS  C.    H.  Roeckner—  Reducing  wood  to  a  fibrous 

condition,  for  the  mauufacture  of  paper  stuff  and 

pulp. 

189  Sir  C.  Lindsay— Apparatus  to  be  used  on  rail- 
ways to  indicate  to  the  engine  driver  of  a  carriage 
train  the  length  of  time  which  has  intervened 
since  the  passing  of  a  previous  train. 

190  A.  Pennington — Beating  mats,  ru^s,  and  other 
like  articles. 

191  N.  Clayton  &  J.  Shuttleworth— Rotatory  screens 
suitable,  tor  screening  wheat  and  other  grain  or 
seed. 

19^  H.  Ca™ — Obtaining  colouring  matters. 

193  H.  Hot  croft — Separating  substances  of  different 
specific  gravities. 

Dated  January  22nd,  1863. 

194  W.  Harrison  &  B.  Cronsdale  —  Looms  for 
weaviug. 

195  J.C.  Brandes — Hair  creaser  or  divider. 

196  J.  Grant— Sjdings  and  loop  lines  for  railways 
or  tramways. 

197  J.  Ellacot  —  Spur  wheels,  racks,  and  other 
toothed  ^ear  tb  insure  greater  strength  in  the 
teeth 

198  J.  M.  Binger — Composition  of  a  kind  of  pulp 
pioper  for  t:.e  manufacturing-  of  printing  and 
typographical  rollers. 

299  it,  Penney — Fixing  colours  employed  in  printing 
calico  and  other  fabrics. 

200  W.  &  J.  Blackwood — Drying  yarns  or  threads. 

201  W.  Clark — 1'iston  valves  ;,nd  i  ther  pistons. 

202  N  Wood  and  J  Stockley — Grinding,  smoothing, 
and  polishing  plate  glass 

203  T  Lambert  —  Drawing  off  water  and  other 
fluids 

204  C  Lungley — Facilitating  the  repairs  of  ships  and 
other  structures 

205  F  W  Morley — Boilers  for  steam  engines,  and 
valves  to  be  used  therewith 

Dated  January  23rd,  1863. 

206  J  Milner — Steam  euxines 

207  A  Henderson— Textile  materials 

208  E  Strungman — Pipes 

209  C  Stopford— Hats 

210  FN  Gis  borne— Signals  on  board  ship  aud  indi- 
cating the  position  of  the  rudder 

211  W  Clark — Mariners'  compasses 

212  P  A  Cole — Collins,  cuffs,  wristbands,  shirt- 
frouts,  habit-shirts,  and  petticoats 

213  C  Turner—  Felted  fabrics 

214— E  T  Hughes— Breech- louding  fire-arms 

Dated  January  24th,  1863. 

215  A  O  Glossop— Breakfast  cruet,  liquor,  and  other 
frames 

216  W  Mel  lor  and  W  Wlnley — Steam  hammers  and 
other  engines  driven  bv  steam 

217  W  Allen  aud  VV  Johus  n— Grinding  the  cards 
employed  in  ca.ding  engines 

218  K  Shackleton — Looms  lor  weaving 

219  E  andG  Booth  and  A  Swallow— Fixing  colour- 
ing matter  on  cotton,  silk. and  wool 

220  ivl  A  F  Mennous— Punching  ana  cutting  metals 
•_21  \V  Claik— Syphons 

222  A  J  Sax— Renderingdrum-skinsnnd gut-strings 
lean  liable  to  hygrometric  influences 

223  R  A  Broumau— Auvil* 

224  F  Tolhausen— Looms  for  weaving 

225  F  To.hausen— Carding  fibrous  materials 

Dated  January  26th,  1S63. 

226  XV  F  Stanley— Mathematical  drawing  instru- 
ments 

227  J  Buraclough— Railway  engines 

22H  A  Smith— Staples,  locks,  bolts,  and  latches 

229  J  Fvte— Safety  apparatus  for  steam  engines 

230  A  l.Lietoutand  J  B  Roisin— Gymuastical  ap- 
paratus ior  medical  purposes 

231  R  A  Brooman—  Pett-coa  s  or  crinolines 
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GOODS   LOCOMOTIVE    "STEIERDORF." 

?0x6tr17cted  at  the  works  of  the  i.  r.  austrian  state  railway 

Company,  Vienna. 

{Illustrated  ly  Plate  233.) 

In  The  .Artizan  of  December  last  we  gave  a  plate  illustration  and 
description  of  the  express  locomotive  "  Duplex,"  constructed  at  the  Works 
of  the  Imp.  R.  Austrian  State  Railway  Company,  Vienna.  The  plate  with 
this  number  illustrates,  in  side  elevation  and  by  a  seciional  plan,  a  goods 
locomotive,  constructed  at  the  same  works,  and  designed  to  run  on  the 
line  of  railway  between  Oravicza  and  Steierdorf,  being  a  portion  of  the 
Austrian  Suedostbahn.  This  line  attains  as  high  a  gradient  as  -jg,  and 
contains  curves  of  a  radius  of  370ft.  within  a  length  of  10'6  miles,  the 
maximum  weight  of  the  trains  on  the  gradient  being  about  110  tons ;  the 
speed  not  to  exceed  7  to  9  miles  per  hour.  The  aggregate  tractive  power 
required  under  these  conditions  had  been  computed  at  103-4  cwts.  =  5'17 
tons,  viz., 

The  tractive  power  on  a  level  at  2200  :   260 =     8'4  cwt. 

The  tractive  power  required  for  passing  over  curves  of  370ft. 

radius  supposed  to  be  2'5  x  the  tractive  power  on  a  level  =  21-0  cwt. 
The  tractive  power  required  to  overcome  the  relative  weight 

of  the  train  2200   :    50    =  440cwt. 

Ditto,  to  overcome  the  relative  weight  of  the  locomotive 

and  tender  900  :   50  =  18-0  cwt. 

Total  91-1  cwt. 

To  be  added  the  power  required  by  the  engine  to  move  itself 

on  the  horizontal  curved  line  ^--  x   3'5    =  12'1  cwt. 

260 

Aggregate  tractive  power =  103-5cwt. 

Supposing  the  coefficient  of  friction  to  be  =  1  :  7  the  weight  of  adhesion 
of  the  engine  would  be  72 1'5  cwts.  ;  and  taking  into  account  the  various 
impediments,  it  would  amount  to  800  cwt.  =  40  tons.  The  maximum  load 
on  each  axle  being  l'JO  cwt.,  5  driving  axles  were  required  for  the  motion. 
The  aggregate  weight  to  he  dragged  being  9D4  cwts.,  the  speed  for  a 
gradient  of  1  :  50  being  7*5  miles  per  hour,  or  G60ft.  per  minute,  the 
strength  required  for  the  engine  is 

10287  >   660   =  m.n        205HP (L) 

88000 

Taking  6*454  square  feet  as  the  heating  surface  for  1  H.P.,  we  have 

8-464        1322  square  feet  a  _'<;regate  heating  surface. 

Diameter  of  driving  wheel*  D  =  3p2ft. ;  stroke  of  piston  I  —  2'07ft. 

Calling  p  the  working  pressure  on  each  piston,  after  deducting  the 
resistance  of  the  working  parts  of  the  engine  to  overcome  the  resistance 
'/.  of  the  train,  we  bfl  ,  ■• 

2p   <   a  I  m  tt  |)Z, 
and  hence, 

p  -    'r    x    P-  x  Z  =  12,429101 (2.) 

It  d  denote!  the  diameter  of  the  cylinder  in  ini 
(i  the  preeinre  in  atmosphere!  ol  1 1 711bi.  pei  iquare  inch. 
/      ii  16  the  average  nana]  preatnre  of  ite  im  in  i  jrlinder, 
we  have 

/•      0-46  n  1 1  71  x  n  *'  T   =  6*8146  >■  tP 

4 

hiking 

7, /'        I'-'-'. 

12489      6-8146  •  7       ' 


The  following  is  the  list  of  dimensions  of  the   several  parts  of  tlii> 
locomotive : — 

Fibe  Grate. 

Length 4ft.  9£iu. 

Width,  fore 2ft.  loj^in. 

aft    3ft.  3?in. 

Area 15-Ob'  sq.  ft. 

Number  of  grate  bars 23 

Distance  of  grate  bars  from  each  other TSm' 

Fire  Box. 

Internal  length,  at  the  bottom 4ft.  9Jin. 

„  „        at  the  top     4ft.  7$in. 

Internal  breadth  at  the  bottom,  front 2ft.  lOUin. 

„  „  „  back 3ft.  3Jin. 

„  „  top  SfbeVgin. 

Internal  height,  front 4ft.  4f  Jin. 

back 3ft.  llfiu. 

Height  from  fire  door  to  bottom  of  tire  box  1ft.  u'^i-.i. 

Thickness  of  copper  plate Jiu. 

„         of  the  tube  plate,  top  lin. 

„  „  „         bottom    Jin. 

Diameter  of  copper  stay  bolts  lin. 

Distance  of  „  „        4in. 

Barrel. 

Length  to  the  tube  plate  in  the  smoke  box 14ft.  21',li:i. 

Largest  diameter lit.  }in. 

Smallest       8ft.  lOfJin. 

Thickness  of  plate  iin. 

Diameter  of  rivets fin. 

Distance  of  same  from  each  other   liil'". 

Number  of  tubes lotf. 

Internal  length  of  tubes    14ft.  Bjin. 

External  diameter  of  tubes    S-^in. 

Thickness  of  copper  of  tubes    A}0, 

Distance  of  tnbea  from  centre  to  centre    2jin. 

Number  of  safety  valves    2 

Diameter  of  „  I 

Hkvtim;  Si  kface.      , 

Heating  surface  of  thetnbea    1244-6sq.ft. 

„  „       of  the  fire  box 78'6sq.  ft, 

Aggregate  heating  surface 1828'  sq.  ft. 

I'lllMNKY. 

Diameter  of  funnel Ift.  1 ,  *. . ' ' '  - 

Height  of  mouth  of  funnel  above  the  rails 1  Ift.  8 

Blast  1'ii'ks  (MoVBABU    VlXVBS). 

Area  of  largest  opening 84"9  sq.  in. 

„    of  small.  at    1*7  to,,  in. 

Fbkh    Pi  »i'-. 

Two  paten)  Giflhrd  injectors,  No.  0. 

i'i ...i  i  v fob. 

Lree  of    ip    I  in       , 7'8sq.in. 

Sn:A\i    ft  mm 

.  Diameter  ci  cylinder!    Ift  ' 

Length  of  itroke 2fl 

„      of  steam  ports  '" 

Welti,  ot        l,'„tn. 

„      of  exhansl  i><>i  t  > 

Si. in i    Vaxtii   kS»  l.'i    '  i    »g  <•>  »u. 

BxternaJ  length  ol  the  sli.lc 10 

Int. ninl  ..  „       6*>n. 

External  width    Ifl   :1,'.,>". 

Int. tii.iI        ..  Ift.   ,,,'n. 

Amol  the   lidi  rahre  168'8  sq.  in. 

Exterior  lap  of  slide    I 

Interior  „  „      jV"- 

Lead  ol  the  ilidi  

Largest  opening  for  inlet  of  steam ' 

„       for  sxhaosl  "t  rteun  i 
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Shutting  off  of  steam  in  cylinders  66  per  cent. 

Largest  travel  of  slide    'hjj1- 

Throw  of  eccentrics    rM111- 

Angle  of  lead,  forward  l»o- 

„      backward    1°  • 

Length  of  eccentric  rod 4ft'  «ym" 

Radius  of  link  segment  in  the  middle 3tt.  6,m, 

Length  of  link  segment 1ft-  4iVm- 

CONNECTING-  AND   COUPLING   RODS. 

Length  of  connecting  rod ...  6ft.  4jin. 

,       of  front  draw  bar 3ft,  lgin. 

„       of  back  draw  bar 3ft.  7-&in. 

„       of  draw  bar  for  tender 7ft.  3^in. 

Coupling  op  the  two  Trails, 

Length  of  coupling  shaft  from  centre  of  bearing oft.  ^in. 

Total  length  of  „  „  „      7ft._6|m. 

Diameter  of  „  j>  .......  o1(iin. 

Length  of  the  vertical  link  between  the  first  tender 

axle-tree  and  coupling  shaft 2ft.  Of  in. 

Largest  section  of  ditto 161  sq.  m. 

Length  of  oblique  coupling  rods  between  driving 

shaft  and  coupling  shaft oft.  2^-m. 

Largest  section  of  ditto o-5  sq.  in. 

Length  of  the  vertical  draw  bars  between  the  first 

tender  axle-tree  and  the  coupling  shaft  2ft.  Ofin. 

Largest  section  of  ditto 4'8  sq.  in. 

Wheels. 

ISf  umber  of  wheels  10 

Diameter  of    „        ••••  3ft.  3§iu. 

Width  of  Tyres   o\m. 

Taper  of        „      Tom-    ,. 

Total  length  of  wheel  base    19ft.  3£m. 

Distance  from  first  to  central  axle  3ft.  7t9e 

„  Central  to  driving  axle 3ft.  7tg 

„  Driving  to  first  tender  axle  4ft.  9in. 

Tender. 

Capacity  for  water  160  cub.  ft. 

„      for  fuel 60  cub.  ft. 

BuPPERS. 

Height  above  the  rails    3ft.  6jin. 

Distance  from  centre  to  centre oft.  9in. 

Main  External  Dimensions  oe  Ensine. 

Length  between  surfaces  of  front  and  back  buffers  ...  33ft.  lO^in. 

Largest  width  of  engine  (measured  on  the  cylinders)  9ft.  8^in. 

Total  Weight  op  the  Engine  in  Working  Order. 

Load  on  rails  from  the  1st  axle-tree    9'153  tons.. 

2nd      „  8-267     „ 

„  3rd       „  : 9-694    „ 

4th      „  6-791    „ 

5th       „  12-106    „ 

Total 46-011  tons. 

We  also  purpose  presenting  our  readers  in  our  next  issue  with  another 
plate  engraving,  containing  sectional  views  of  the  "  Steierdorf,"  accom- 
panied with  a  series  of  woodcuts  and  descriptive  particulars.  > 


Travel. 


Inches. 


5i 
3 


Per  eentage  of 
Maximum  Travel. 


100 
85-7 
71-4 
57-1 
50 


Period  of  Admission. 


Per  cent,  of  Stroke. 


81-5 

73-5 

60' 

39 

12 


Per  cent,  of 
Max.  Admission. 


100 
90-1 
73-6 

47-8 
14-7 


These  figures,  we  think,  strongly  support  the  opinion  already  expressed  in 
favour  of  a  great  initial  travel  of  valve,  since  it  is  evident  that  with 
constant  lap  and  lead  it  affords  a  greater  range  for  variation  in  the  rate  of" 
expansion. 

Fig.   1. 


A    CRITICAL    AND    HISTORICAL    REVIEW   OP    LOCOMOTIVE 
ENGINEERING. 

By  J.  J.  Bibcketj. 

(Continued  from  page  29.) 

(Illustrated  by  Plates  Nos.  234,  235,  and  236). 

We  have  seen  that  the  distribution  of  the  steam  by  means  of  the  slide 
valve.,  so  far  as  regards  the  periods  of  admission,  suppression,  and  release, 
is  regulated  by  the  lap  and  the  lead ;  and  having  stated  also  that  variable 
and  long  expansion  is  obtained  by  great  lap,  accompanied  with  variable 
travel,  we  now  give  a  graphic  demonstration  of  this  statement  for  the 
satisfaction  of  our  readers  by  the  annexed  motion  diagrams  (Figs.  1,  2,  3,  &c.) 
of  a  valve  supposed  to  have  one  inch  lap,  and  T%  lead  with  a  travel 
varying  from  5^  to  2f  inches.  These  diagrams  show  that  the  points  of  sup- 
pression keep  shifting  at  a  rapid  rate  towards  the  beginning  of  the  stroke 
as  the  travel  is  reduced,  but  the  ratios,  as  given  in  the  following  table,  will 
perhaps  render  the  fact  much  more  apparent. 


The  object  of  the  link  motion  is  to  obtain  variable  expansion  by  means- 
of  variable  travel  with  constant  lap,  and  the  amount  of  lap,  so  far  at  any 
rate  as  we  have  been  able  to  ascertain,  is  subject  to  no  other  law  in  actual 
practice  than  the  particular    fancy    of  each  designer,  and  ranges  from 

Fta.  Z. 
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|  to  It  inch  in  locomotives  of  the  same  power  or  description.  AVe 
think  it  somewhat  strange  that  there  should  be  such  a  large  margin  for 
variation  in  a  matter  like  this,  the  relative  results  of  which  are  so  easily 
compared  by  diagrams  representing  the  motion  of  the  valve;  the  accom- 
panying diagram  (Fig.  2)  for  instance,  being  that  of  a  valve  having  14in. 
lap,  with  the  lead  nearly  as  before,  shows  that  the  sole  addition  of  ;in.  to 
the  lap  reduces  the  periods  of  admission  to  74,  64,  and  48  per  cent.,  being 
an  increase  of  1\,  9\,  and  12  per  cent,  of  the  stroke  in  the  expansive  action 
of  the  steam,  as  compared  with  the  results  obtained  by  the  corresponding 
amounts  of  travel  in  the  previous  example ;  this  comparison,  we  think,  is 
sufficient  to  show  that  the  large  lap  has  a  claim  to  preference,  if  in- 
creased expansion  is  a  guarantee  of  economy.  It  is  true  that  the  periods 
of  release  of  the  steam  calculated  from  the  opposite  end  of  the  stroke  in- 
crease very  rapidly  with  the  decrease  of  the  period  of  admission,  but  the 
los3  of  useful  work  thus  occasioned  is  really  too  small,  especially  in  the 
case  of  engines  running  at  very  high  speeds,  to  be  taken  into  account, 
when  it  is  remembered  how  great  is  the  gain  upon  back  pressure  due  to 
this  same  circumstance. 

The  foregoing  comparison  naturally  leads  to  the  inference  that  variable 
expansion  may  be  obtained  also  by  varying  the  lap,  and  this  virtually  is 
the  case  in  Meyer's  expansion  gear,  illustrated  by  Fig.',9,  plate  231,  of  The 
Artiza>'  of  last  month,  in  which  the  removal  of  the  expansion  blocks  from 
the  centre  of  the  valve  face  amounts  to  an  increase  of  lap. 

The  annexed  diagram  (Fig.  3),  illustrates  the  motion  of  a  valve  with  lap 

Fla.3 


varying  from '.  in,  to  1  i;';in.,  and  from  comparison  with  Figs.  1  and  2,  it  may  be 
ascertained  that  the  period  of  expansion  does  not  increase  at  the  same  rapid 
rate  as  with  varying  travel,  while  at  the  same  time,  the  period  of  release 
is  considerably  retarded,  especially  with  the  shorter  laps ;  this  circumstance, 
which  is  certainly  favourable  to  engines  working  at  low  speeds,  may  be 
very  unfavourable  to  engines  working  at  high  speeds,  ami  upon  the  whole 
variable  expansion  by  means  of  variable  travel  with  constant  lap  is  to  be 
preferred. 

With  reference  to  the  link  motion  and  to  its  history,  no  sooner  had  it 
found  its  way  into  practice  than  human  ingenuity  applied  itself  to  the  task 
of  modifying  and  improving  it,  and  as  a  conseipieuee,  v.i'  have  to  make 
known  to  onr  readers  three  distrad  types  of  link  motions,  namely!  Life. 
Stephenson's  original  motion  known  as  the  thtfting  link;  2nd.  Tl«  tta- 
tioM  Mr.  Goochj  of  the  Greal  Western  Railway: 

8rd.   I  ■'■/  link-,  originated  by  Mr.  Allan,  of  the  Scottish  Centra] 

Railway,  and  we  shall  proceed  upon  onr  investigation  in  tin'  order  just 
named,  because  this  is  the  chronological  order  of  their  ippearanoe,  and 
of  their  recognition  is  met  *»■"*«!  entities. 

The  arrangement  ofthe  shitting  link  ma]  be  generally  illustrated  bj 
Fig.  I  (plate  235.)  which  happens  t<i  be  a  representation  of  the  vslve  motion 
of  Mr.  Kamsbottom's  engine  "  Lady  of  the  Lake," and  consists  of  a  dotted 
motion  link  curved  to  tin-  radios  of  tin-  eccentric  rods  and  suspended  from 

the  arms  of  the  reversing  shaft;  the  points  of  connection  of  tl tcentric  rod 

with  the  link,  \.i.;,  according  t.i  convenience  or  necessity,  and  the 
engine  i-  reversed  or  the  rate  "I  admission  altered  bj  lowering  or 
rai~in^  the  link  through  the  medium  of  contrivances  t"  !»•  described 
hereafter,  the  effect  of  thus  lowering  or  raising  the  link  i-  to  cause  the 
valve  rod  to  be  commanded  either  bj   the  forward  or  had  ntric, 

md  the  valve  rod  itself  is  either  guided  in  ■>  l"i-!'  •>,  in  the  caw  illusl  i 


or  is  suspended  from  some  fixed  point  in  such  manner  that  it  may  move  in 
a  horizontal  plane  with  as  little  vertical  vibration  as  possible  ;  it  will  be 
noticed,  also,  that  the  system  of  eccentric  rods  and  links  suspended  on 
one  side  of  the  reversing  shaft  is  balanced  on  the  other  side  by  a  suitable 
counterweight  for  easiness  of  reversing.  The  link  in  each  of  the  three 
types  of  motions  is  generally  of  two  kinds,  namely,  the  open  link  as 
illustrated  by  Figs.  5  and  6,  and  the  box  link  as  illustrated  by  Fig  4.     The 

choice  in  the  use  of  either  kind 
r r  _    *  r        r      s   often    made    by   considera- 

''«•''•  /.'Co.     ions  of  economy  and  sometimes 

/^"~C»  "         £•  •  y  considerations  of  expediency 

r  of  local  necessity,  although, 
s  we  shall  have  occasion  to 
how,  the  relative  positions  of 
the  points  of  suspension  and  of 
connection  with  the  eccentric 
rods  have  a  material  influence 
upon  the  distribution  of  the 
steam,  and  it  will  be  seen  on 
reference  to  the  illustrations, 
that  the  box  link  affords  the 
better  means  of  variation  in  the 
position  of  the  points  of  con- 
nection. 

Referring  now  to  the  general  illustration  ofthe  shifting  link  motion  (plate 
235)  it  is  easy  to  perceive  that  when  the  link  stands  in  its  middle  or  neut  i  a) 
position,  if  the  forward  and  backward  eccentrics  were  placed  exactly 
opposite  each  other,  both  having  the  same  radius  or  throw,  it  would  pivot 
upon  its  point  of  suspension,  which  would  remain  stationary,  and  as  ii. 
this  position  of  the  link  the  head  of  the  valve  rod  is  either  exactly  or 
nearly  concentric  with  that  point,  the  valve  also  would  remain 
stationary;  if  on  the  contrary  the  link  was  raised  or  lowered  a  certain 
extent,  the  valve  would  receive  motion  either  from  the  backward  or  for- 
ward eccentric  and  the  ratio  of  that  motion,  to  the  throw  of  the  eccentrics, 
would  he  exactly  the  same  as  the  ratio  of  the  distances  of  the  centre  of 
the  valve  spindle  and  ofthe  centre  of  the  eccentric  rod  ends  to  the  point 
of  suspension  of  the  link  which  would  still  remain  stationary.  From  these 
considerations  we  learn  that  the  motion  of  the  valve  as  received  through 
the  medium  of  the  link  remains  similar  to  and  isochronous  with  tin- 
motion  which  it  would  receive  directly  from  a  single  eccentric,  BO  long  at 
any  rate  as  the  two  eccentrics  remain  diametrically  opposite  each  other  ; 
this  condition,  however,  becomes  an  impossibility  when,  with  a  view  to 
obtaining  long  expansions,  the  valve  is  to  have  a'  certain  amount  of  lap. 
and  when,  to  ensure  the  easier  working  of  the  moving  parts  of  the  engine, 
it  is  to  have  a  certain  amount  of  lead  ;  for  as  under  these  Circumstances 
the  valve  must  have  travelled  beyond  its  middle  position  by  the  whole 
amount  of  lap  and  lead  when  the  piston  is  at  the  end  of  its  BtrOH 
follows  that  the  eccentric  must  stand  at  sneh  an  angle  with  the  crank, 
that  its  normal  projection  upon  the  straight  line  passing  through  the  two 
extreme  positions  of  the  crank,  referred  it  need  be  to  the  centre  line 
of  motion  of  the  valve,  and  measured  from  the  centre  of  the  crank,  be 
equal  to  tin-  sum  of  hip  and  lead.  This  projection  is  called  the  linear 
■ice  ofthe  eccentric.  Hence  in  reality  the  smallest  motion  of  which 
the  valve  is  capable  i>  equal  to  twice  the  sum  of  lap  and  lead,  and  from 
the  study  of  the  motion  diagrams  of  the  link,  Figs.  2  (plates  325,)  it 
may  be  ascertained  that  the  motion  of  the  valve  is  the  same  exactly 
that  it  would  be  it  it  was  driven  from  two  ereentries,  the  one  remaining 
in    the    position    above   described    with    its    present    throw,    and    the    olhei 

applied  t<>  the  centre  ofthe  link  but  placed  exactly  opposite  the  crank  and 

with  a  throw  equal  to  twice  the  sum  of  lap  and  lead  only:  it  m;i<   be  seen 

also  that  tl.     a  of  the  valve   when   the   link    stands'  in    its   middll 

neutral  position  Is  exacth  like  that  derived  directly  from  tie-  Latter  named 
fictitious  eccentric,  and  thai  the  valve  end  of  its  stroke  when  the 

crank  is  at  the  opposite  end  ;  but  the  closer  the  point  ..i  the  link  to  which 
the  end  of  the  real  eccentric  rod  is  applied,  is  shifted  to  the  centre 
line  of  motion  of  the  valve,  the  nearer,  becomes  the  motion  of  the  valve, 
like  thai  derived  from  the  original  single  eccentric,  v7i  have  dwell  at 
tome  length  upon  this  poinl  because  it  had  been  held  b>r  a  long  time  that 

tber.'   was  something   very   ni\  md    i imprehensible    in    the 

cinematics]  manll  of  tie-  link  motion  taken  from  the  motion  ofthe 

valve,  and  we  doubt  whether  even  Mr.  Clark,  who  bus  a, alt  with  the 
•ubiecl  in  a  manner  Pullj  befitting  its  Importance,  has  thoroughly 
understood  the  nature  ,,i  thai  motion,  f"r  tin-  following  is  all  that  he 

■aj  s  on  tin'  subject : — 

"The  motion   yielded  bj  the  link  is  apparently  no]  to  simple  in   its 
oharat  -  of  the  ringle  eccentric  j  throughout  the  whole  length  of 

the  link  it  mud  ofthe  motions  imparted  separately  bj  each 

eccentric,  excepting onlj  el  the  points  where  it  joins  the  eccentric  i 
Though  tin'  motion  ol  ever]  other  poinl  of  the  link  is  so  compounded,  the 
motion  ol  each  eccentric  neverthi  minatee  in  its  own  half  of  the 

link  aborc  and  1  pension,  snd  results  in  a  motion  com- 
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municated  to  the  valve  of  which  each  reciprocation  has  a  varying  velocity 
accelerated  and  retarded  like  that  yielded  by  the  single  eccentric." 

This,  no  doubt,  is  correct,  but  it  leaves  the  reader  in  the  dark  as  to  the 
nature  of  the  motion  yielded  by  the  middle  of  the  link,  whereas  the  in- 
troduction of  the  fictitious  eccentric  as  has  been  done  above,  solves  that 
question  altogether,  and  besides,  has  the  advantage  of  teaching  us  that  the 
motion  of  the  valve,  as  the  middle  of  the  link  is  shifted  towards  the  centre 
of  the  valve  rod,  does  gradually  merge  from  that  yielded  by  a  single  eccen- 
tric placed  at  the  proper  angle  of  advance,  to  that  yielded  by  a  single 
eccentric  of  smaller  radius  and  placed  right  opposite  the  crank.  The 
motion  diagrams  of  both  the  shifting  and  the  stationary  link  teach  us 
still  more ;  upon  careful  examination  it  may  be  ascertained  that  the  motion 
of  the  valve  in  its  relation  to  that  of  the  crank  always  corresponds  to 
that  yielded  by  a  single  eccentric  whose  radius  is  measured  from  the 
centre  of  the  crank,  to  a  certain  point  lying  upon  the  straight  line  which 
joins  the  points  1,  Fig.  2  (plate  235),  of  the  real  eccentric  and  of  the  fictitious 
one  supposed  to  be  applied  to  the  middle  of  the  link,  and  the  angle  of  which, 
with  the  crank,  is  defined  by  the  line  drawn  from  the  centre  of  the  crank 
to  that  certain  point ;  the  points  1  it  should  be  stated,  indicate  the  posi- 
tions of  the  eccentrics  (real  and  fictitious),  when  the  crank  is  at  the  end 
of  its  stroke.  Such  being  the  case,  it  is  always  possible  to  define  the  rela- 
tive motions  of  the  crank  and  of  the  valve,  as  due  to  any  intermediate 
point  of  the  link,  when  the  diagram  of  the  various  positions  assumed  by 
the  latter  during  one  revolution  of  the  crank  is  set  out,  and  may  be  accom- 
plished in  the  following  manner : — with  half  the  distance  ax  b\  (Fig.  2, 
plate  235)  draw  the  path  of  the  fictitious  eccentric,  supposed  to  be  applied  to 
the  middle  of  the  link ;  the  diagram  itself  indicates  that  it  is  placed  exactly 
opposite  the  crank,  its  point  1  is,  therefore,  upon  the  diameter  passing 
through  the  two  extreme  positions  of  the  crank  and  the  straight  lines  1, 
1  may  at  once  be  drawn ;  if  now  it  is  desired  to  define  the  position  of  the 
eccentric  to  which  the  motion  of  the  valve,  as  derived  from  that  a,  b  of 
the  link  may  be  referred,  with  one-half  the  distance  a,  b  draw  the  path  of 
this  new  fictitious  eccentric  and  from  its  point  of  intersection,  d,  with  the 
line  1 — 1  draw  the  radius  d  o,  which  will  define  the  angle  of  this  eccentric 
with  the  crank  ;  a  similar  construction  would  answer  for  any  other  inter- 
mediate point  of  the  link,  'i  hese  various  considerations  may  be  perhaps 
of  little  practical  value,  but  looked  upon  from  a  purely  abstract  point  of 
view,  they  are  not  without  considerable  interest. 

We  have  stated,  previously,  that  the  angle  of  the  eccentric  is  defined 
by  the  sum  of  lap  and  lead  measured  horizontally  from  the  centre 
of  the  crank,  and  we  have  stated  also  that  the  smallest  motion  of  the 
valve  is  equal  to  twice  the  sum  of  lap  and  lead,  two  statements  from 
which  it  might  be  reasonably  inferred  that  the  smallest  motion  of  the 
valve  is  equal  to  twice  the  linear  advance  of  the  eccentric ;  such  would  be 
the  case  if  the  length  of  the  eccentric  rods  remained  unchanged  during 
the  whole  period  of  one  revolution  of  the  crank,  but  as  this  length  is 
materially  affected  by  the  obliquity  of  the  rods,  as  illustrated  by  the  ad- 
joining sketch  (Fig.  7.),  it  follows  that  the  smallest  motion  of  the  valve 


Fig.  1 


is  equal  to  twice  the  linear  advance  of  the  eccentrics,  augmented  by  twice 
the  maximum  difference  of  length  of  the  eccentric  rods  occasioned  by 
their  obliquity.  But  as  we  have  seen  that  in  the  case  of  minimum  travel 
of  the  valve  it  has  reached  the  end  of  its  stroke  when  the  crank  is  at  the 
opposite  end,  since  it  is  evident  also  that  the  lap  remains  unchanged,  it 
is  to  be  inferred  that  the  lead  must  have  increased  at  each  end  of  the 
cylinder  by  the  whole  amount  of  the  difference  of  length  of  the  eccentric 
rods  due  to  their  obliquity  ;  this  fact  is  plainly  illustrated  (Fig.  7.)  Where 
the  distances  a  c,  a"  c"  represent  the  difference  of  lead  which  occurs ;  the 
same  sketch  also  shows  that  the  lead  increases  gradually  as  the  link  is 
raised  from  the  position  of  full  gear  to  that  of  mid  gear,  and  that  the 


sum  of  lap  and  lead  in  full  gear  is  equal  exactly  to  twice  the  linear  adr 
vance  of  the  eccentric  as  has  been  stated  already.  We  have  adopted  this 
demonstration  of  the  difference  of  lead,  because  by  it  the  fact  necessarily 
forces  itself  upon  the  reader's  mind  that  in  order  to  avoid  great  variations 
of  lead  it  is  essential  to  have  very  long  eccentric  rods.  This  variation  in 
the  lead  has  been  a  great  grievance  against  the  shifting  link,  and  the 
advocates  of  other  systems  have  not  failed  to  make  the  most  of  this  ap- 
parent defect ;  even  Mr.  Clark  himself,  who  in  other  respects  seems  to 
have  been  animated  bya  mostunbiassed  spirit  throughout  his  work,  has  taken 
for  the  normal  pattern  of  his  link  motion  the  stationary  box  link,  evidently 
on  account  of  its  fulfilling  the  condition  of  constant  lead  ;  for,  in  speaking 
of  the  range  of  variable  expansion  by  means  of  the  link  he  says  that  "  a 
condition  necessary  to  its  most  successful  operation,  is  the  preservation 
of  constant  lead  for  all  degrees  of  expansion  ;"  and  yet  in  the  chapter 


immediately  preceding  ha  demonstrates  that  variable  expansion  may  be 
obtained,  to  a  considerable  extent,  by  the  increase  of  lead,  with  constant 
lap  or  travel,  a  fact  which  is  illustrated  by  the  annexed  diagram  (Fig.  8} 
taken  from  his  work.  He  also  demonstrates,  conclusively,  that  when  lap,, 
lead,  and  travel  increase  at  the  same  time,  in  equal  proportions,  the 
events  of  the  distribution  remain  unchanged,  and  since  it  has  been  shown 
that  the  effects  of  variation  of  lead  and  variation  of  travel  are  similar, 
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though  not  quite  identical,  it  follows  that  increase  of  lead  with  decrease 
of  travel  must  be  favourable  to  the  expansive  action  of  the  steam ;  this 
may  be  seen  from  the  annexed  (Fig.  9),  where  the  dotted  line  indicates  the 
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motion  of  the  valve  with  reduced  travel  and  with  the  lead  doubled, 
whereas  the  full  line  indicates  the  motion  of  the  valve  with  reduced  travel 
simply. 

The  only  objection  that  we  can  see  to  the  increase  of  lead  is  the  corres- 
ponding increase  in  the  period  of  admission  of  steam  before  the  piston  has 
reached  the  end  of  the  stroke;  but  when  it  is  remembered  that  the  link 
is  used  in  those  of  its  points  yielding  long  expansions,  when  the  engine 
is  running  at  great  speeds,  that  is,  when  the  reciprocations  of  the  parts 
in  motion  are  more  frequent  and  more  violent,  it  may  be  inferred,  with 
reason,  that  this  increased  pre-admission  of  the  steam  is  a  circumstance 
rather  favourable  to  the  preservation  of  those  parts,  and,  consequently, 
that  the  slight  increase  of  lead,  far  from  being  a  defect,  is  a  decided  ad- 
vantage ;  it  should  be  remarked,  besides,  that  the  engine  never  can  be 
worked  from  mid  gear,  and  that  the  increase  of  lead  is  more  rapid  towards 
mid  gear  than  towards  full  gear,  both  which  circumstances  militate  in 
favour  of  the  opinion  which  we  have  just  expressed. 

We  have  stated  that  the  positions  of  the  points  of  connection  with  the 
eccentric  rods  and  of  the  point  of  suspension  have  a  material  effect  upon 
the  events  of  the  distribution  ;  and,  we  believe,  that  for  the  knowledge 
which  we  possess  on  this  subject,  we  are  chiefly  indebted  to  the  experi- 
mental researches  of  Mr.  Gooch  of  the  Great  Western  Railway.  It  is 
true  that  local,  or  individual  causes,  often  lead  to  peculiar  modes  of  con- 
nection and  suspension,  not  quite  conformable  with  the  requirements  of 
correct  distribution  of  the  steam,  notwithstanding  this,  however,  it  may 
prove  both  interesting  and  useful  to  be  acquainted  beforehand  with  the 
results  obtained  by  various  arrangements  adopted  in  practice,  and  we, 
therefore,  reproduce  some  of  them  from  Mr.  Clark's  work  in  the  table 
below  : 

Table  op  distribution-,  with  various  arrangements  of  the  Shifting 
Link,  corrected  for  a  six  lengths  rod. 
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This  table  shows  how  great  il  the  Influence  nri-intr  from  the  mode  of 
arranging  the  links,  upon  the  distribution  of  the  item,  ■  Ihd  which,  in 
badly  arranged  motions,  is  very  andible  when  the  engine-  is  on 
duty    from    the    inequality    of    the    beat,   or,   in   other   words,    from    the 


inequality  in  the  periods  of  release  of  the  steam  at  each  end  of  the 
cylinder;  this  evil  is  sometimes  remedied  by  providing  unequal  lap  at  the 
opposite  ends  of  the  valve,  but  it  is  quite  evident  that  this  is  not  the 
legitimate  mode  of  correction,  since  by  pure  accident  the  valve  may  just 
be  put  the  reverse  way  into  its  place ;  sometimes  also  the  correction  is 
made  by  a  difference  in  the  width  of  the  steam  ports  and  to  this  we  can 
see  no  practical  objection. 

1  .  Fig.  1  (plate  234)  is  a  diagram  of  the  valve  motion  of  the  "  Lady  of  the 
Lake,"  taken  from  a  full  size  model,  and  in  the  following  table  we  give  the 
numerical  results,  corrected  for  a  seven  lengths  rod,  which,  compared  with 
those  taken  from  the  engine  itself,  placed  in  juxtaposition  with  them 
show  what  a  great  influence  a  slight  difference  in  the  position  of  the 
centres  may  have;  in  this  case  there  is  a  great  probability  that  the  model 
was  not  fitted  up  with  the  same  accuracy  as  the  motion  itself  whose  results 
may,  indeed,  be  said  to  be  practically  correct : 

Abstract  of  Results  of  Valve  Motion  or  Knc.ine  "Lady  of  the  Lake." 
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We  have  stated,  in  an  earlier  part  of  this  paper,  that  the  choice  in  the 
kind  of  the  link,  and  the  general  arrangement  of  the  link  motion  is, 
sometimes,  subject  to  considerations  of  local  necessity,  a  statement 
which  will  be  very  easily  understood  when  it  is  mentioned  that  the 
greatest  available  space  to  hold  the  cylinders  never  exceeds  4ft.  l*in.  upon 
the  narrow  gauge  (the  inside  cylinder  engine,  of  course,  is  here  alluded 
to),  which,  for  cylinders  of  large  dimensions,  scarcely  leaves  room  for  tin- 
link  motion.  This  fact,  indeed,  was  one  of  the  great  grievances  againBl 
the  narrow  gauge  during  that  memorable  episode  in  the  history  of  railway 
engineering,  known  as  the  "  battle  of  the  guages,  and  in  it  the  advocates 
of  the  broad  gauge  found,  undoubtedly,  a  good  argument  at  that  time,  for, 
we  believe  that  no  cylinder,  exceeding  16in.  in  diameter,  was  then  to  be 
found  on  the  narrow  guage,  while  the  broad  guage  could  boast  of  the 
Great  Britain  with  cylinders  18in.  diameter.  So  far  as  we  an'  able  to 
ascertain  the  problem  of  finding  room  for  a  commodious  arrangement  of 
the  link  motion,  with  ISin.  cylinders,  lodged  in  the  narrow  space  of  lit. 
was  first  solved  by  Messrs.  Sharp,  Stewart  ami  Co.,  in  the  "  Sphynx," 
1847,  and  as  wc  have  every  reason  to  believe  that  at  the  time  it  wu>  a 
triumph  of  perseverance  and  skill  in  locomotive  engineering,  we  give  ■ 
section  through  the  cylinders  of  that  engine  (Plate  2:!.">.  I-'ig.  :i),  and  an 
illustration  of  the  link  motion  (Figs.  I  and  5,  Plate  285)  with  a  diagram  of 
the  motion  of  the  valve  (in  Figs.  2,  :s,  I,  Plate  234),  Pig.  -'  showing 
thfl   periods  of  the   front  stroke;    and   Pig.   '.i   those   of  the    bach    Stroke. 

Here  the  increase  of  the  lead,  amounting  to  ',in.,  is  somewhat  consider- 
able, but  it  arises    from    the  fact  ofthe  lillk  being  very  loir.',  and  this  latter 

circumstance  has  the  advantage  of  yielding  long  periods  of  admission  In 
full  gear;  in  other  respects  the  results  or  this  motion  an-  verj  good 
indeed,  the  periods  uf  admission  corrected  for  a  sis  lengths  rod  boln 

follows: — 
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Since  that  date,  however,  it  has  been  found  i  put  •]»■  valves 
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into  their  usual  place  between  the  cylinders  and  to  cram  the  link  motion 
into  the  very  narrow  space  available  in  the  case  of  18in.  cylinders  ;  but  we 
venture  to  affirm  that  such  arrangements  are  anything  but  an  improvement 
upon  the  one  here  illustrated,  because  they  leave  no  room  for  repairing  the 
valve  faces  and  invariably  lead  to  awkward  and  unmechanical  modes  of 
connection  between  the  several  parts  of  which  the  link  motion  consists, 
nor  admit  of  those  dimeusions  which  provide  the  amount  of  wearing 
surface,  so  essential  to  ensure  a  long  continued  efficient  working  of  the 
motion. 

The  stationary  link  may  be  generally  illustrated  by  Fig.  2  (Plate  236), 
representing  the  link  motion  of  Mr.  J.  V.  Gooch's  engine  "Snake ;"  and  upon 
the  same  plate  (Fig.  1),  we  have  illustrated  the  motion  diagram  of  a  sta- 
tionary link  as  fitted  to  some  engines  lately  constructed  for  the  Great 
Eastern  Railway  by  Messrs.  Fairbairn,  and  which  we  are  enabled  to 
furnish  to  our  readers  through  the  kindness  of  Mr.  Sinclair.  It 
differs  from  the  shifting  link  in  that  it  is  suspended  from  a  fixed  point, 
and  where  it  is  used  the  act  of  reversing  or  of  altering  the  rate  of  ex- 
pansion is  performed  by  raising  or  lowering  the  valve  rod.  The  link  is 
curved  to  a  radius  equal  to  the  length  of  that  rod  and  has  its  concave 
side  turned  towards  the  cylinder,  by  which  arrangement  the  condition  of 
constant  lead  is  effectually  realised.  The  nature  of  the  motion  yielded 
by  the  stationary  link  is  identical  with  that  yielded  by  the  shifting  link, 
and  all  that  has  been  said  on  this  subject  applies  to  the  three  types  of 
link  motions.  "With  the  stationary  link,  however, '  the  linear  advance  of 
eccentrics  is  not  equal  exactly  to  the  sum  of  lap  and  lead,  for  since  the 
position  of  the  link  referred  to  the  centre  of  motion  of  the  valve  remains 
unchanged,  it  is  evident  that  the  effect  of  the  obliquity  of  the  eccentric 
rods  is  transmitted  to  the  valve  in  an  equal  degree  by  all  the  points  of 
the  link  from  full  gear  to  mid  gear,  and  consequently  the  linear  adv.ance 
of  the  eccentrics  must  be  less  than  the  sum  of  lap  and  lead  by  the  full 
amount  of  the  variation  of  length  of  the  eccentric  rods  occasioned  by  their 
obliquity.  From  the  remarks  which  we  have  made,  when  discussing  the 
peculiarities  of  the  shifting  link,  we  would  by  no  means  be  understood  to 
detract  from  any  of  the  real  merits  of  the  stationary  link,  which,  in  our 
opinion,  however,  may  simply  be  stated  as  follows.  The  reversing  gear 
required  by  the  use  of  it  is  less  heavy  and  compendious,  requiring  but 
very  small,  or  no  balance  weights,  and,  proportionately  also  is  the  labour 
of  reversing  made  easier;  but  in  opposition  to  this  it  is  argued  that  the 
obliquity  taken  by  the  valve  rod  occasions  great  vertical  pressure  upon  the 
glands  of  the  valve  spindle,  and  wears  them  out  very  soon,  and  be  it 
prejudice,  or  be  it  a  well  grounded  cause  for  rejection,  certain  it  is  that 
the  stationary  link  is  patronized  only  by  Mr.  Gooch,  and  by  Mr.  Sinclair. 
The  straight  link  maybe  generally  illustrated  by  Fig.  3  (plate  236);  it  con- 
sists of  a  reversing  shaft  having  two  short  levers  forged  upon  it,  and  placed  on 
opposite  sides  of  the  shaft,  to  one  of  which  the  motion  link  is  suspended, 
and  to  the  other  the  valve  rod.  The  lever  to  which  the  motion  link  and 
the  eccentric  rods  are  suspended,  is  made  shorter  than  the  one  which  carries 
the  rod,  and  this  being  lighter  than  the  former  is  thus  made  to  counterbalance 
them.  As  a  result  of  this  arrangement,  in  which,  during  reversal  the  mo- 
tion link  and  the  eccentric  rod  ends  are  lowered  while  the  valve  rod  and 
the  motion  block  are  raised,  a  straight  link  has  to  be  used,  because  the 
versed  line  of  the  arc  which  one  portion  of  the  gearing  describes,  is  coun- 
teracted by  that  described  by  the  opposite  portion.  This  construction  of 
the  link  motion  carries  along  with  it  several  important  and  undisputable 
advantages ;  in  the  first  place,  the  working  surfaces  of  the  straight  link  are 
much  easier  got  up  and  kept  in  repair ;  secondly,  as  the  length  of  the 
suspending  levers  seldom  exceeds  4  inches,  and  as  the  spaces  through  which 
the  respective  parts  of  the  motion  have  to  travel,  are  very  small,  a  much 
greater  purchase  can  be  obtained  with  the  reversing  lever  than  in  the 
other  types  of  link  motions  and  the  labour  of  reversing,  or  of  altering 
the  degree  of  expansion  is  considerably  easier,  a  feature  of  the  utmost  im- 
portance in  cases  of  emergency ;  and  lastly,  another  great  advantage  is, 
that  much  less  vertical  space  is  required,  in  consequence  of  which,  the 
boiler  can  be  kept  proportionately  lower,  the  difference  amounting  often 
to  three  or  four  inches  ;  it  may  be  stated  also  that  it  keeps  the  lead  equal 
for  all  degrees  of  expansion.  Fig.  4,  plate  236,  illustrates  the  motion  of  a 
valve  having  l^m.  lap,  the  period  of  the  front  stroke  being  indicated  by 
the  full  lines,  and  those  of  the  back  stroke  by  the  dotted  lines,  and  cor- 
rected for  the  obliquity  of  the  connecting  rod,  they  would  be  almost  equal. 
In  the  table  below  we  give  the  results  obtained  with  a  valve  having  § 
in  lap,  the  ports  being  so  arranged  as  to  have  Jin  lead  to  the  front,  and 
-fa  to  the  back. 

Since  in  this  motion  the  lead  remains  unaltered  as  previouely  stated,  it 
follows  that  the  linear  advance  of  the  eccentrics  is  equal  to  the  sum  of  lap 
and  lead  diminished  by  the  whole  amount  of  the  difference  of  length  of 
the  eccentric  rods  occasioned  by  their  obliquity.  Some  engineers  object 
to  this  arrangement  of  link  motion  on  the  ground  of  its  causing  the  glands 
of  the  valve  spindle  to  wear  out  very  soon,  by  reason  of  the  obliquity  of 
the  valve  rod;  we  believe,  however,  that  in  this  case,  the  objection  is  with- 
out foundation, 


Resuxts  oh  Steaig-ht  Link  Motion  in  pee  cent  oe  Steoke. 


Suppression. 

Kelease. 

Compression. 

Front. 

Back. 

Front. 

Back. 

Front, 

Back. 

72 
60 
50 
37 
23 
14 

72 
60 
50 
38 
25 
15 

90 
85 
81 
74 
64 
51 

90 

85 
80 
72 
62 
49 

10 
15 
19 
26 
36 
49 

10 
15 

20 
28 
38 
51 

4th  notch 

3rd      „     

2nd     „     

Mid  gear 

We  shall  not  follow  the  example  set  by  Mr.  Clark,  to  give  rules,  or  pre- 
scribe methods  for  setting  out  link  motions,  for  we  have  occasion  to  know 
from  our  own  observations  that  every  engineer  or  every  draughtsman  finds 
out  a  method  best  suited  to  himself;  all  that  can  be  said  in  the  shape  of 
advice  on  this  subject,  is  as  follows  :  In  the  case  of  the  shifting  link,  the 
reversing  shaft  and  levers  should  be  so  placed  as  to  cause  the  working 
point  of  the  link  in  its  various  positions  to  move  in  the  straight  link,  pass- 
ing though  the  centre  of  motion  of  the  valve ;  in  the  case  of  the  stationary 
link  the  reversing  shaft  should  be  so  placed  as  to  cause  the  motion  block  in 
all  its  positions  to  move  in  a  line  parallel  to  that  passing  through  the  centre 
of  motion  of  the  valve ;  in  the  case  of  the  straight  link,  when  once  its 
position  is  decided  upon,  it  may  he  said  that  the  position  of  the  reversing 
shaft  is  given,  and  the  only  care  to  be  taken  is  to  have  the  suspension  rods 
as  long  as,'  possible,  in  order  to  reduce  their  arcs  of  vibration  as  near  as 
possible  to  a  stright  line.  As  for  the  position  of  the  eccentrics  upon  the 
axle,  that  is  generally  determined  by  actual  trial  underneath  the  engine, 
when  the  link  motion  complete  is  in  its  place,  and  is  afterwards  fixed  by 
template  for  every  engine  of  the  same  description.  Some  foremen  erectors, 
however,  have  sufficient  confidence  to  define  that  position  upon  paper,  and 
to  set  the  eccentrics  permanently  without  previous  trial.  Mr.  Clark  gives 
some  trigonometrical  rules  and  form ulse  to  define  their  position,  as  well  as 
that  of  the  periods  of  suppression  and  release  in  terms  of  the  stroke ;  such 
rules,  however,  have  no  practical  value  whatever,  for  we  can  confidently 
affirm  that  no  practical  engineer  ever  yet  set  to  work  in  search  of  any  of 
those  quantities  with  a  table  of  natural  sines  in  his  hands,  and  since  in 
abstract  science  they  teach  nothing,  we  look  upon  them  as  being  only  so 
much  waste  paper. 

In  order  to  complete  our  review  and  study  of  link  motions,  we  have 
yet  to  lay  before  our  readers  the  apparatus  by  means  of  which  the  engine 
is  reversed,  or  the  rate  of  admission  altered  to  suit  the  continually  changing 
wants  of  the  train  upon  the  road. 

The  apparatus  which,  until 
lately,  has  been  in  almost  ex- 
clusive use,  may  be  generally 
illustrated  by  the  accom- 
panying woodcut,  Fig.  10,  and 
consists  of  a  quadrant  or 
sector  notched  upon  its  outer 
circumference ;  of  a  lever  or 
handle  pivoting  upon  a  fixed 
centre  as  a  fulcrum,  and  car- 
rying the  reversing  rod  at  a 
suitable  distance  from  this 
fulcrum  in  such  manner  as 
to  have  sufficient  leverage  to 
enable  one  man  easily  to 
overcome  the  combined  re- 
sistances of  all  the  parts  of 
the  link  motion ;  a  guide 
plate  notched  like  the  sector 
is  fixed  upon  the  latter,  and 
the  reversing  handle  in  its 
angular  motion  slides  be- 
tween them  ;  the  handle  car- 
ries a  catch  provided  with  a 
trigger  to  be  worked  with 
the  hand  during  the  act  of 
reversing.  The  whole  sys- 
tem is  generally  so  arranged  that  the  handle  stands  upright  when  the 
link   is   in   mid    gear,  —  that    it    leans    forward    towards    the    engine 
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when  the  motion  is  in  forward  gear,  and  backward  from  the  engine  when 
it  is  in  backward  gear. 

Mr.  Ramsbottom  has  adopted,  and  has  used  for  some  time,  the  scheme 
illustrated  by  Fig.  11,  and  consisting  as  before,  of  a  lever  pivoting  upon  a 
fulcrum,  and  carrying  the  reversing  rod  at  a  suitable  distance  from  that 
fulcrum,  but  here  the  lever  is  forked  at  one  extremity,  and  made  to  engage 
between  the  collars  projecting  upon  a  screw  shaft  moving  in  the  two  nuts 
n  n ;  the  screw  is  three  threaded  and  is  set  in  motion  through  a  hand- 
wheel  k,  pushing  the  lever  either  forward  or  backward   according  as  the 


wheel  is  turned  to  the  right  or  to  the  left.  The  peculiar  advantage  of 
this  reversing  apparatus  is,  that  it  can  be  worked  with  much  greater  ease 
than  the  one  previously  described,  and  what  is  of  still  greater  importance, 
it  can  never  permit  the  link,  of  its  own  accord,  to  change  its  position, 
say  from  mid  gear  to  full  gear,  or  from  backward  to  forward  gear,  a 
circumstance  of  frequent  occurrence  when  the  catch  is  bad,  and  which  has 
been  the  cause  of  many  serious  accidents. 

(To  he  continued.) 
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TABLE  1. 

Least  Diameters  op  Wrought  Iron-  Main-shafts  for  Prime  Movers. 


9 

5 

Number  of  Revolutions  of  Shaft  per  Minute. 

15 

20 

25 

30 

35 

40 

45 

50 
2-66 

55 
2-60 

60 

2-.V.I 

8 

MO 

868 

334 

316 

3-00 

2-88 

2-78 

t  7 1 

t-ac 

inn 

8*78 

8'68 

8'46 

8  28 

:  1- 

806 

._..,,  s 

8 

5-44 

6*04 

im; 

1    10 

H8 

400 

3-88 

.{•70 

8-58 

8-48 

In 

570 

542 

.vol 

474 

1  :.n 

r.in 

111 

4-00 

3-86 

376 

12 

il:l  1 

5-78 

5-28 

b-ob 

1-78 

u-se 

lln 

l-.'l 

|]n 

1-00 

14 

6-68 

606 

5-64 

.V30 

B'02 

4-80 

\<:-l 

i  16 

l-.l-.' 

120 

ie 

8-88 

t;-:u 

5-88 

5*6 1 

6-28 

8-02 

1-84 

1-68 

1-62 

1-40 

18 

7*26 

8-60 

8-12 

6-78 

.Vis 

6-2  I 

•Vi  12 

l-sil 

1  7n 

1  66 

•jo 

7'62 

6-82 

U:;l 

6-88 

6-68 

VI  2 

B-22 

B-08 

iss 

171 

•.'.-> 

B?10 

736 

082 

ii  hi 

6-10 

b-s  i 

B-62 

.v  |fl 

6-26 

.Vln 

8-60 

782 

7*28 

i  ;■*•_> 

8  is 

ii-jii 

B-86 

6  78 

B-42 

.'!.-, 

8-06 

8*2 l 

7'64 

7-20 

8  B2 

i;:,i 

6-28 

i;  ii.; 

5-70 

10 

:i  Is 

B-60 

B-00 

7.VJ 

7-14 

6-82 

6-68 

8-84 

i;  i  I 

16 

9*86 

7  82 

71-' 

710 

6-82 

6-60 

ii-.'i 

.".'I 

10-20 

Brio 

770 

7'i's 

IISJ 

8-62 

|ir.-,l 

8-68 

784 

7*80 

7-80 

BO 

Ins  I, 

8-88 

814 

B-60 

-  18 

7-82 

7-.VJ 

7-26 

7-04 

65 

111  1 

10-02 

9  in 

B-84 

-In 

B-04 

7-72 

7*40 

722 

7" 

11-42 

10-82 

8-84 

7-64 

7  in 

7-20 

;-> 

lnr.l 

842 

ii  'H 

III- 1 

10-06 

77' 

1218 

Ll-09 

10-18 

8-68 

BIO 

7-60 

'Ill 

12*40 

tl-80 

in  In 

10*00 

770 

12*60 

11-50 

10-60 

10*10 

s  70 

LOO 

|2-80 

U-70 

10-10 

TABLE  II. 

Ultimate   Strength   of   Pillars  cast   fimm    Lom    Hoob   1i:.\.  in 

Poutidb  Aveisihpois  per  Scjvare  Inch,  of  Sectional  AjmM.. 


Length  —  Diameter. 


80 
78 
70 

71 
72 

70 

I  IN 

66 
64 
62 

110 

68 
56 
64 


60 
18 
16 
M 

12 
10 

34 

.m 

84 
22 


Solid  Columns. 


1,000 

l.m»i 
1,000 
l.lno 
1,600 

1,760 

.-..IHKI 

6,400 

.-,.!NIO 

6,200 

8,900 
7,800 
8,000 

10,600 

1 1  :,i  - 1 

1 2  .-,i « ' 
[4,000 
16,000 

18,600 
•j.  1,000 

22,000 

32,000 
36.000 
38,000 
11,000 


Hollow  Column-. 


12,000 

18,000 

I  1,000 
16,000 
16,700 

l-.i  00 

20,000 

•_"_'.  1 1  Kl 

•J7.'M)ll 

II  ...< 
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TABLE  III. 

Strain  on  Chains  and  Akches. 


c 

V 

At  Centre. 

At  Support. 

Length  of  Curve. 

50 

W.  6-250 

W.  6-270 

v.  50-04 

45 

5-625 

5-650 

45-04 

40 

5-000 

5-025 

40-06 

35 

4-375 

4-403 

35-06 

30 

3-750 

3-783 

30-10 

25 

3-122 

3-163 

25-10 

20 

2-500 

2-549 

20-12 

19 

2-375 

2-423 

19-14 

18 

2-250 

2-305 

18-14 

17 

2-125 

2-181 

17-15 

16 

2-000 

2-062 

16-16 

15 

1-875 

1-913 

15-17 

14 

1-750 

1-820 

14-18 

13 

1-625 

1-695 

13-20 

12 

1-500 

1-581 

12-21 

11 

1-375 

4-468 

11-23 

10 

1-250 

1-345 

10-26 

9 

1-125 

1-230 

9-29 

8 

1-070 

T120 

8-32 

c  =  chord  of  arc  or  span. 
v  =  versine  or  deflection. 
W  =  total  load  on  chain  or  arch. 

Rote'. — Find  the  value  of  -    in  first  column;  the  number  opposite  it  in  the  second 
v 
column  x  W  —  strain  at  centre ;  the  number  on  the  same  line  in  the  third  column  x 
"VV  =  strain  on  chain  or  arch  at  either  point  of  support ;  the  number  in  the  fourth 
column  x    the  versine  =  the  length  of  the  arc. 

TABLE  IV. 

Co-EFFICIENTS    OF    FeICTION   AND   AnG-LES    OP    REPOSE. 


Name  or  Material. 

Co-efficient  of  Friction 
=  tan.  <t>. 

Angle  of  Repose  =  <p 

Dry  Masonry  and  Brickwork 
Masonry    and    Brickwork    with  7 

Timber  on  Stone 

0-60  to  0-70 

0-74 

0-40 
0-70  to  0-30 
0-50  to  0-20 
0-60  to  f/20 
0-25  to  0-15 

0-51 

0-33 
0-25  to  1-00 
0-38  to  0-75 

1-00 

0-31 
0-81  to  I'll 

31|°  to  35° 

36i° 

22° 

35°  to  16J° 

26|°  to  11  J° 

31°  to  lli° 

14°  to  8i° 

27° 

18|° 

14°  to  45° 

21°  to  37° 

45° 

17° 

29°  to  48° 

Iron  on  Stone  

Timber  on  Timber 

.  Timber  on  Metals  

Metals  on  Metals    

Masonry  on  dry  Clav 

Masonry  on  moist  Clay 

Earth  on  Earth  

Earth  on  Earth,  dry  Sand,  Clay,  \ 
and  mixed  Earth    ) 

Earth  on  Earth,  damp  Clay 

Earth  on  Earth,  wet  Clay 

Earth  on  Earth,  Shingle,  &  Gravel 
, 

TABLE   V. 

The  ultimate  Stbength  of  Materials  used  in  Construction. 

The  breaking  weights  are  stated  in  lbs.  avoidupois,  per  square  inch  of  sectional 

area. 


Name  of  Material. 


Ash    

Brass,  Cast   ... 

Brick 

Copper,  Cast... 

Wire 

Bolts 


Deal,  Christ 

Fir,  Riga  

Hornbeam    

Iron,  Wrought. 
Bar  


Russian 
Swedish 
Sheet  ... 
Chain  ... 


Iron,  Cast. 
Hematite,  No.  1  .. 


4  ... 

Weardale,  No.  1  ... 

3  ... 

4  ... 


Southbank    

Stockton,  No.  1 
3 


Butterley,  No.  1  ... 

2  ... 

3  ... 


Ilkeston,  No.  1. 


3 

4 


Goldendale    

Netherton,  No.  1.. 
2 

4  &  5 . . 


Parkhead  

Old  Hill,  No.  2    .. 

3    .. 

4    .. 

Lays  Works 

Parkend    

Blaenavon,  No.  1  .. 

3.. 

Pontypool 

Larch     

Oak,  English    

Canada 

Dantzic    

Pine,  Pitch   

Red 

Yellow 


Steel 


Tension. 


17,207 
17,968 
280 
19,072 
61,228 
48,000 
12,400 
11,549 
20,240 

60,000 
60,000 
71,000 
50,000 
52,460 

14,233 
17,751 
17,566 
18,080 
21,859 
23,513 
18,425 
25,810 
22,271 
23,388 
18,970 
23,265 
22,107 
29,840 
30,115 
19,847 
25,430 
20,517 
26,012 
30,344 
27,033 
14,593 
23,815 
22,918 
31,480 
17,019 
26,766 
23,903 
26,302 
10,220 
17,300 
10,250 
12,780 
7,818 


C  110,000  ") 

3    to    f 

(.  130,000  ) 


Compression. 


9,000 

10,300 

807 


6,000 
7,289 


"1 


r 


36,000 

y    to    •{ 

40,000 


52,136 
82,265 
82,583 
52,771 
90,046 

109,286 
86,886 
99,524 
87,063 
88,488 
74,743 
91,661 
82,229 

119,483 

120,321 
75,318 

113,459 
73,977 
86,473 

108,285 
95,787 
50,499 
80,991 
80,213 

119,631 

56,116 

91,897 

87,358 

99,618 

5,568 

9,509 

9,509 


6,790 
5,375 
5,445 


Shearing. 


50,000 


18,915 
20,455 
24,335 
27,558 
28,520 
31,050 
32,285 
28,715 
30,810 
35,870 
29,315 
33,900 
30,585 
39.655 
38,960 
37,660 
33,430 
29,960 
35,145 
36,960 
29,835 
22,705 
34,918 
28,112 
24,800 
21,878 
26,820 
27,750 
25,535 
1,300 
2,300* 


650 


Modulus  of 
Elasticity. 


1,600,000 
9,170,000 


17,000,000 


1,672,000 
1,130,000 


29,000,000 


7,541,000 

10,455,000 

10,145,000 

9,911,000 

10,830,000 

12,375,000 

12,375,000 

13,315,000 

12,265,000 

12,200,000 

11,591,000 

12,020,000 

10,815,000 

13,012,000 

13,993,000 

12,245,000 

12,943,000 

10,350,000 

11,165,000 

12,945,000 

12,080,000 

9,737,300 

12,022,000 

12,075,000 

12,135,000 

8,680,500 

12,017,000 

11,795,000 

11,735,000 

879,600 

1,451,200 

2,148,800 

1,191,200 

1,225,600 

1,840,000 

1,600,000 
'  29,000,000 
to 
42,000,000 
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ARE  GAS  HOLDERS  LIABLE  TO  EXPLOSION? 
Br  T.  W.  Keates,  F.C.S. 

During  the  progress  of  a  recent  conflagration  which  occurred  in  the 
immediate  neighbourhood  of  one  of  the  largest  of  the  metropolitan  gas 
works,  considerable  excitement  and  alarm  were  experienced  by  many  of 
those  living  in  the  adjoining  streets,  or  present  in  the  crowd,  from  the 
idea  that  if  the  fire  extended  to  the  gas  holders,  which  at  the  time  were 
filled  with  the  gas  required  for  the  supply  of  the  public  and  private  lights, 
an  explosion  of  unexampled  force  and  destructiveness  would  be  the  result. 
It  was  stated  that  many  persons  hastened  away  from  the  locality  when 
they  heard  that  there  was  a  probability  of  the  flames  reaching  the  gas 
works;  some  thinking  that  if  an  explosion  occurred,  even  the  dome  of  St. 
Paul's  might  be  endangered ;  others  that  at  least  Blackfriars  Bridge  would 
be  destroyed;  and,  indeed,  the  public  mind  was  filled  at  the  moment  with 
that  vague  and  unreasoning  sense  of  danger,  which,  operating  upon  great 
masses  of  people,  effectually  prepares  the  way  for  the  most  dangerous 
panic. 

It  is  very  desirable,  both  in  the  interest  of  the  gas  companies  and  of  the 
public,  that  the  erroneous  ideas  which  gave  rise  to  these  really  absurd, 
although  in  some  respects  natural,  fears,  should  be  corrected.  There  is 
but  one  way  in  which  this  can  be  done,  that  is,  by  affording  information 
concerning  the  agents  and  forces  involved  in  the  question ;  so  that  a  clearer 
conception  of  their  nature  may  be  acquired,  and  the  undefined  terrors, 
which  in  this,  as  in  other  similar  cases,  are  engendered  and  fostered  by 
ignorance,  may  be  removed  by  a  rational  consideration  of  the  physical  and 
chemical  laws  to  which  such  agents  are  subject.  In  accordance  with  this 
view,  there  are,  then,  to  be  considered — first,  the  character  of  coal  gas  with 
reference  to  the  question  of  explosion ;  secondly,  whether  explosive  mix- 
tures of  coal  gas  can  be  produced  by  circumstances  attendant  upon  a  fire 
extending  itself  to  the  gas  holders.  With  regard  to  the  first  part  of  the 
inquiry,  it  must  be  remembered  that  the  gaseous  mixture,  which  we  know 
as  coal  gas,  is  not  per  se  an  explosive,  although  it  is  an  eminently  combus- 
tible, material.  When  ignited,  it  burns  with  the  greatest  rapidity, 
evolving  an  immense  flame,  and  producing  a  very  great  amount  of  heat ; 
but  there  is  no  more  tendency  to  explosion  than  when  coals,  or  any  other 
combustible  substance,  are  burning  in  a  furnace.  Certain  constituents  of 
coal  gas  require  a  very  high  temperature  to  inflame  them ;  others  are 
readily  inflamed  at  a  red  heat;  but  the  lowest  point  at  which  any  one  of 
its  constituents  may  be  inflamed  must  be  taken  as  the  index  of  the  point  of 
inflammation  of  the  mixture,  and  this  may  be,  perhaps,  set  at  a  red  heat. 
When  coal  gas  burns  in  the  air,  it  is,  of  course,  at  the  expense  of  the 
atmospheric  oxygen,  the  process  simply  consisting  in  the  oxidation  of 
the  carbon  and  hydrogen  of  the  gas;  and  this  action  is  necessarily  confined 
to  the  exposed  surface.  Under  such  circumstances,  the  oxidation  goes  on 
gradually,  and  a  certain  time  is  required  to  bring  in  contact  the  combustile 
atoms  and  the  oxygen  ;  we  have  then  burning,  but  no  explosion.  To  effect 
complete  oxidation,  coal  gas  consumes,  or  rather  combines  with,  about  two 
and  a  half  times  its  bulk  of  oxygen,  which,  are  equal  to  more  than 
twelve  times  its  bulk  of  atmospheric  air.  If,  however,  the  required 
quantity  of  oxygen,  or  of  air  containing  the  oxygen,  be  mixed  with  coal 
gas  before  the  latter  is  inflamed,  and  menu-  of  inflaming  the  gas  be  then 
applied,  combustion  will  not  progress  gradually,  a-  it  due-,  when  the  ^,is 
alone  is  inflamed,  but  will  occur  atomically  as  it  were, — that  is,  each  atom 
of  gas  finding  in  its  immediate  proximity  an  atom  of  oxygen,  the  anion 
between  the  two  will  take  place  throughout  the  whole  volume  of  the 
gaseous  mixture  instantaneously,  and  a  violent  explosion  will  he  the  result. 
To  produce  thia  explosion,  oxygen,  in  certain  proportion,  must  he  mixed 
with  the  gas  before  ignition.  In  the  absence  of  oxygen,  previously  so 
mixed,  there  can  lie  no  explosion. 

Sir  II.  Davy,  in  his  important  and  interesting  experiments  upon  this 
subject,  round  that  light  carburretted  hydrogen,  the  mosl  powerfully 
explosive  of  the  gates,  required  about  seven  times  its  bull;  of  atmospheric 
air  to  be  mixed  with  it  to  produce  the  greatest  explosive  effeel  ;  practically, 

it  may  he   calculated   that   from  eight    to    nine   tinc-s    its    bulk    of  air    will 

produce  the  mosl  explosive  mixture  with  coil  ■_-,!-:  but,  as  was  remarked 
before,  the  air  ami  ns  must  hi'  mixed  previously  to  inflammation.     \  i 

matter  how  rapidly  the   air  may  be   supplied   when  the   gat   is   htirnin 

will  merely  increase  tie,  fierceness  of  the  combustion:  there  wfll  be  no 
explosion.    To  form  tm  explosive  mixture  the  '/as  must  bt  present    in 
quantity  varying  from  about  7  to  26  percent,  of  volume  \  if  it  tall 
of  ,,r  exceed  thai   proportion,  it.  will  hum  away  quietly,  and  not  explode. 
So  it,  will  he  perceived  that,  in  the  contents  of  the  gas  holders,  ">•  b  i 

deal  with  a  material  which  i-  combustible  in  tie'  highesl  degree,  but  which 

in  itself,  even  when  burning,  las  no  tendenej  to  explode,  and  which  oannoi 
he  made  to  explode  excepting  by  changing  its  normal  state  by  previous 
admixture  with  a  foreign  gas,  viz.,  oxygen. 

There  is  another  property  of  coal  gas  which  relates  t,,  this  inquiry,  ami 

which  it  possesses  in  common  with  all  mat  I, -r,  -  that  is,  expansibility  under 
increased  temperature.     When  a  gas  is  heated,  its  \ 


For  every  degree  of  Fahrenheit's  thermometer  this  augmentation  equals 
jroth  part  of  the  bulk  of  the  gas  at  32°,  so  that  the  volume  of  a  gas  being 
480  cubic  inches  at  32°,  it  would  be  481  at  33°,  482  at  34°,  and  so  on.  The 
qualities  of  coal  gas,  then,  which  relate  to  the  question  of  explosion  of  gas 
holders  are — combustibility,  capability  of  forming  explosive  mixtures  with 
oxygen  gas  or  air,  and  susceptibility  of  having  its  bulk  or  volume  increased 
by  rise  of  temperature.  It  remains  to  see  how  far  circumstances  arising  from 
the  application  of  heat  or  flame  to  the  exterior  of  a  gas  holder  could  so 
affect  or  modify  its  contents  as  to  produce  explosion,  as  many  persons  hare 
seen  cause  to  dread.  In  the  gas  holder  itself  we  have  an  apparatus  very 
well  calculated  to  preserve  the  gas  which  it  contains  from  any  admixture 
with  the  external  atmosphere;  and,  indeed,  under  all  ordinary  circum- 
stances, such  admixture  is  impossible.  It  must  be  remembered,  that  the 
gas  holder,  formed  of  strong  plate  iron,  is  so  arranged  that  it  is  only 
capable  of  moving  vertically,  under  the  guidance  of  firmly  constructed 
iron  rods  and  pillars,  and  that,  during  all  its  movements,  its  lower  edge 
remains  immersed  in  a  tank  of  water;  were  it  not  so  its  contents  could 
not  be  preserved  at  all,  as  it  must  be  remembered  that  gas  holders  rise  in 
consequence  of  the  elastic  raising  force  of  the  gas  which  is  forced  into 
them,  and  are  not  suspended.  The  moment  the  gas  is  removed  by  any 
means  from  the  holder  the  latter  sinks  by  virtue  of  its  weight,  which 
operates  as  a  powerful  expulsive  force,  and  is,  in  fact,  the  only  force 
which  sends  the  gas  through  the  almost  endless  ramifications  of  pipes  by 
which  it  is  distributed  for  public  consumption.  Are  there,  then,  any  con- 
ditions in  which  the  gas  in  the  holder  could  become  mixed  with  a  sufficient 
quantity  of  air  to  be  rendered  explosive;  those  conditions,  of  course,  being 
produced  by  the  action  of  heat  applied  externally  to  the  holder  ? 

Some  years  since  it  happened,  at  one  of  the  London  gas  works,  that  a 
portion  of  the  upper  part  of  the  heavy  iron  framework  which  guides  the 
holder  became  detached,  and,  falling  upon  the  top  or  crown  of  the  holder, 
crashed  through,  making  a  large  hole  in  the  iron  plate.  The  weight  of 
the  bolder  caused  the  gas  to  rush  through  this  opening  with  great  velo- 
city ;  reaching  a  light  which  was  burning  near,  it  became  ignited,  and, 
as  may  be  supposed,  a  flame  of  immense  size  and  force — a  sort  of  gigantic 
blow-pipe  flame — was  produced  ;  as  the  aperture  was  of  considerable  size, 
the  whole  of  the  gas  was,  however,  expelled  from  the  holder  in  a  very 
short  time,  and  no  damage  was  done, — nothing  in  the  remotest  degree 
resembling  explosion  having  occurred.  Suppose,  during  a  great  fire  at  a 
gas  works,  that,  by  any  means,  a  gas  holder  became  perforated,  the  only 
result  would  be  that  just  described ;  and  even  if  the  perforation  were  made 
in  a  part  of  the  holder  from  which  the  flame  might  prove  a  means  of  ex- 
tending the  conflagration,  there  would  be  no  danger  of  explosion,  unless, 
as  we  have  seen  before,  the  gas  holder  contained  a  mixture  of  gas  and 
atmospheric  air  or  oxygen.  Is  there,  then,  any  probability  of  such  an 
explosive  mixture  being  produced  in  a  gas  holder  through  the  effect  of  an 
external  fire  ? 

If  a  iras  holder,  filled  with  gas,  were  exposed  to  the  action  cf  violent 
flame,  it  is  evident  that,  in  accordance  with  the  law  of  expansion  already 
explained,  the  volume  of  the  gas  would  be  rapidly  increased.  It  is 
scarcely  in  the  nature  of  things  that  a  large  gas  holder  should  be  uni- 
formly heated  on  every  side;  but,  for  the  sake  of  illustration,  let  it  be 
supposed  that  the  whole  mass  of  the  gas  was  raised  to  1000  ,  a  very  liiirL 
temperature,  about  equal  to  bright-red  heat ;  under  these  circumstances, 
the  volume  of  the  gas  would  be  nearly  tripled,  so  that  from  a  gas  holder 
capable  of  containing  3000  cubic  feet,  nearly  two-thirds  of  the  content- 
would  be  expelled  by  mere  expansion,  — that  is,  if  the  holder  were  at  Aral 
filled  to  its  full  capacity.  As  the  holder  cannot  rise  Ont  of  the  water  of 
tie-  tank,  owing  to  the  iron  framework  by  which  it  is  held,  the  excess  ol 

gas— that    is,   2001)    cubic    feel       would    he    forced    under    the    edge    of  file 

holder,  and  would  bubble  up  through  the  water,  a  thing  which  not  un- 
commonly happent  on  a  limited  scale  i ■  ■  gas  work-  when  the  holders  are 

OVer-filled:   a-    the   -.'-is    thus  escaped,  it    would,  of  course,   iullanie,   and    a 

succession  of  Irregular  tierce  combustions,  so  t"  speak,  would  he  the  con- 
sequence; but.  a-  the  gns  could  nol  previously  hay,-  been  mixed  wit h  air. 
there  would  he  no  explosion.       Now  .  h-t   ii-  lUppOSe  tie-  lOUrCe  of  heat  to  1„- 

removed,  the  tire  9bout  the  gas  bolder  to  he  subdued,  for  example,  the 

contained  gas  would  < 1,  ana,  in  cooling,  would  oontnoi   to  it-  natural 

density  ;  this  being  so,  it  would  only  he  capable  of  occupying  one-third  of 

the  capacity  of  tie-  holder,  Which  would,  of  course,  descend  a-  tie-  contrac- 
tion ]  and   the  result  would  he,  not   that  any  mixture  of  air  and 

gas  bad  been  produced  in  it.  but  thai   the  gas  holder  would  be  found  l,  -- 

elevated  from  the  tank  by  two  -third-  of  the  height  which  it  reached  when 

ted  to  the  act  em  of  the  heat.    Lei  us,  however,  take  an  extreme 

case,  in  which  the  bolder,  filled  with  tnded   to  three  times  it, 

norma]  volnme,  is  suddenly  i led,  and  In  which,  from  the  action  of  the 

tire,  the  guides  or  pulleys  of  the  holder  Itself  have  been  so  deranged  thai 
theh  oend  upon  the  contracted  gas j  it  Is  obvious  that  the 

gas,  in  cooling,  will,  us  In  the  f  bs  onh  capable  of  Oiling  one- 

third  of  the  b  Idi  t  .  the  a  <<•  i  ol  the  tan!  cannot  rise  to  till  the  vacant 
rio  air  would  thi  onderthi  edgeoftbe  holder, 

or  blow  through  the  water  seal;  and  \erv  ihoitl]  the  contents  of  the  holdei 
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would  consist  of  about  one-third  of  gas  and  two-thirds  of  atmospheric  air; 
even  then  the  mixture  would  not  be  explosive.  Davy's  experiments  show 
that,  when  the  gas  present  in  the  mixture  exceeds  from  20  to  25  per  cent., 
it  burns  quietly,  and  does  not  explode;  and  in  the  above  case,  a  most 
unlikely  one  to  occur,  the  gas  is  present  in  the  proportion  of  33  per  cent. 
If  a  gas  holder  became  fixed  by  any  means,  in  the  manner  spoken  of,  and 
bv  accident  the  side  of  the  tank  were  broken  down,  so  that  the  water 
flowed  away  from  the  holder,  the  contained  gas  would  be  in  communication 
with  the  atmospheric  air;  in  that  case,  however,  the  mixture  of  the  two 
would  be  but  a  slow  operation,  as,  by  its  superior  levity,  the  gas  would 
cpntinue  to  occupy  the  suspended  holder  until  sufficient  time  had  elapsed 
for  diffusion  of  the  gas  and  air  to  take  place. 

If  flame  were  to  be  brought  into  contact  with  the  contents  of  the  gas 
holder  shortly  after  the  occurrence  of  such  an  accident,  which  would,  of 
course,  happen  if  the  injury  to  the  tank  were  caused  by  fire,  there  would 
be  still  no  explosion,  but  burning  of  the  gas  from  the  surface  \ipwards,  as 
in  a  common  lecture  table  experiment,  where  combustible  gas,  contained 
in  an  inverted  jar,  is  ignited  at  its  inferior  surface,  and  extinguishes  a 
lighted  taper  piunged  into  its  mass.  As  to  the  gas  holder  itself  being  so 
much  damaged  by  the  action  of  the  heat  or  flame,  as  to  be  rendered 
incapable  of  containing  the  gas,  such  a  thing  is  scarcely  possible.  It  is 
well  known  that  rivetted  sheet  iron  vessels  will  bear  a  lengthened 
exposure  to  a  red  heat  before  they  are  so.  much  injured  as  to  become 
leaky;  and  it;  in  the  case  of  the  gas  holder,  the  sudden  action  of  powerful 
flame,'  striking  on  its  exterior,  were  so  to  twist  or  warp  the  plates,  that 
the  gas  could  escape,  there  would  be  simply  combustion  of  the  gas  as  it 
issued  from  the  openings,  as  in  the  case  of  the  perforated  gas  holder  first 
discussed. 

A  little  consideration  of  this  subject  seems  to,  show,  then,  that  the 
explosion  of  a  gas  holder,  from  circumstances  created  by  the  influence  of 
a  conflagration  in  a  gasworks  is  an  event,  not  perhaps  beyond  the  bounds 
of  possibility,  but  so  far  removed  from  anything  like  probability,  that  any 
serious  fears  in  connection  with  it  must  be  looked  upon  as  entirely  ground- 
less. Such  an  occurrence  seems  never  to  have  taken  place  in  the  whole 
course  of  gas-making  practice ;  and  if  we  reflect  upon  the  natural  laws 
which  operate  in  the  matter,  it  is  to  be  presumed  that  it  could  scarcely 
be  made  to  happen  under  the  influence  of  any  external  circumstances.  It 
cannot  be  denied  that  a  conflagration  may  be  increased  to  a  fearful 
extent  by  the  contents  of  a  gas  holder  becoming  ignited,  but  it  may  be 
safely  questioned  if,  in  any  case,  there  is  the  slightest  danger  to  be 
apprehended  from  explosion. — Newton's  London  Journal. 
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THE  PRINCIPLES  OP  THE  NEW  MEASUREMENT  TONNAGE. 
By  Me.  J.  G.  Lawete. 

By  the  "  Merchant  Shipping  Act,  1854,"  the  measurement  of  ships  for 
tonnage  is  made  by  one  of  the  two  following  rules ;  and  the  tonnage  so 
ascertained  is  deemed  the  register  tonnage  in  all  ships  except  those  pro- 
pelled by  steam : — 

•'  Throughout  the  following  rules  the  tonnage  deck  shall  be  taken  to  be 
the  upper  deck  in  ships  which  have  less  than  three  decks,  and  to  be  the 
second  deck  from  below  in  all  other  ships ;  and  in  carrying  such  rules  into 
effect  all  measurements  shall  be  taken  in  feet  and  fractions  of  feet ;  and 
all  fractions  of  feet  shall  be  expressed  in  decimals  : 

"  Rule  I. — The  tonnage  of  every  ship  to  be  registered,  with  the 
exceptions  mentioned  in  the  next  section,  shall,  previously  to  her  being 
registered,  be  ascertained  by  the  following  rule,  hereinafter  called  Rule 
I. ;  and  the  tonnage  of  every  ship  to  which  such  rule  can  be  applied, 
whether  she  is  about  to  be  registered  or  not,  shall  be  ascertained  by  the 
same  rule. 

"  (1.)  Measure  the  length  of  the  ship  in  a  straight  line  along  the  upper 
side  of  the  tonnage  deck  from  the  inside  of  the  inner  plank  (average 
thickness),  at  the  side  of  the  stem  to  the  inside  of  the  midship  stern 
timber  or  plank  there,  as  the  case  may  be  (average  thickness),  deducting 
from  this  length  what  is  due  to  the  rake  of  the  bow  in  the  thickness  of 
the  deck,  and  what  is  due  to  the  rake  of  the  stern  timber  in  the  thickness 
of  the  deck,  and  also  what  is  due  to  the  rake  of  the  stern  timber  in  one- 
third  of  the  round  of  the  beam;  divide  the  length  so  taken  into  the  number 
of  equal  parts  required  by  the  following  table,  according  to  the  class  in 
such  table  to  which  the  ship  belongs. 

"  Table. 
"Class  1.  Ships  of  which  the  tonnage  deck  is,  according  to  the  above 

measurement,  50  feet  long  or  under,  into  four  equal  parts  : 
"  Class  2.  Ships  of  which  the  tonnage  deck  is,  according  to  the  above 

measurement,  above  50  feet  long  and  not  exceeding  120,  into  six 

equal  parts : 


"  Class  3.  Ships  of  which  the  tonnage  deck  is,  according  to  the  above 
measurement,  above  120  feet  long  and  not  exceeding  180,  into  eight 
equal  parts : 

"  Class  4.  Ships  of  which  the  tonnage  deck  is,  according  to  the  above 
measurement,  above  180  feet  long  and  not  exceeding  225,  into  ten 
equal  parts  : 

"  Class  5.  Ships  of  which  the  tonnage  deck  is,  according  to  the  above- 
measurement,  above  225  feet  long,  into  twelve  equal  parts. 

"  (2.)  Then,  the  hold  being  first  sufficiently  cleared  to  admit  of  the 
required  depths  and  breadths  being  properly  taken,  find  the  transverse 
area  of  such  ship  at  each  point  of  division  of  the  length  as  follows : — 
Measure  the  depth  at  each  point  of  division,  from  a  point  at  a  distance  of 
one-third  of  the  round  of  the  beam  below  such  deck,  or,  in  case  of  a  breaks 
below  a  line  stretched  in  continuation  thereof,  to  the  upper  side  of  the 
floor  timber  at  the  inside  of  the  limber  strake,  after  deducting  the  average 
thickness  of  the  ceiling  which  is  between  the  bilge  planks  and  limber 
strake ;  then,  if  the  depth  at  the  midship  division  of  the  length  do  not 
exceed  sixteen  feet,  divide  each  depth  into  four  equal  parts ;  then  measure 
the  inside  horizontal  breadth  at  each  of  the  three  points  of  division,  and 
also  at  the  upper  and  lower  points  of  the  depth,  extending  each  measure- 
ment to  the  average  thickness  of  that  part  of  the  ceiling  which  is  between 
the  points  of  measurement ;  number  these  breadths  from  above  (i.e.,  num- 
bering the  upper  breadth  one,  and  so  on  down  to  the  lowest  breadth) ; 
multiply  the  second  and  fourth  by  four,  and  the  third  by  two ;  add  these 
products  together,  and  to  the  sum  add  the  firsc  breadth  and  the  fifth ; 
multiply  the  quantity  thus  obtained  by  one-third  of  the  common  interval 
between  the  breadths,  and  the  product  shall  be  deemed  the  transverse 
area;  but  if  the  midship  depth  exceed  sixteen  feet,  divide  each  depth  into 
six  equal  parts  instead  of  four,  and  measure  as  before  directed  the  hori- 
zontal breadths  at  the  five  points  of  division,  and  also  at  the  upper  and 
lower  points  of  the  depth  ;  number  them  from  above  as  before ;  multiply 
the  second,  fourth,  and  sixth  by  four,  and  the  third  and  fifth  by  two ;  add 
these  products  together,  and  to  the  sum  add  the  first  breadth  and  the 
seventh  ;  multiply  the  quantity  thus  obtained  by  one-third  of  the  common 
interval  between  the  breadths,  and  the  product  shall  be  deemed  the  trans- 
verse area. 

"  (3.)  Having  thus  ascertained  the  transverse  area  at  each  point  of 
division  of  the  length  of  the  ship  as  required  by  the  above  table,  proceed 
to  ascertain  the  register  tonnage  of  the  ship  in  the  following  manner : — 
Number  the  areas  successively  1,  2,  3,  &c,  No.  1  being  at  the  extreme  - 
limit  of  the  length  at  the  bow,  and  the  las':  No.  at  the  extreme  limit  of 
the  length  at  the  stern ;  then,  whether  the  length  be  divided  according 
to  the  table  into  four  or  twelve  parts,  as  in  Classes  1  and  5,  or  any  inter- 
mediate number  as  in  Classes  2,  3,  and  4,  multiply  the  second  and  every 
even  numbered  area  by  four,  and  the  third  and  every  odd  numbered  area 
(except  the  first  and  last)  by  two;  add  these  products  together,  and  to  the 
sum  add  the  first  and  last  if  they  yield  anything  ;  multiply  the  quantity 
thus  obtained  by  one-third  of  the  common  interval  between  the  areas,  and 
the  product  will  be  the  cubical  contents  of  the  space  under  the  tonnage 
deck ;  divide  this  product  by  one  hundred,  and  the  quotient  being  the 
tonnage  under  the  tonnage  deck  shall  be  deemed  to  be  the  register 
tonnage  of  the  ship,  subject  to  the  additions  and  deductions  hereinafter 
mentioned. 

"  (4.)  If  there  be  a  break,  a  poop,  or  any  other  permanent  closed-in 
space  on  the  upper  deck,  available  for  cargo  or  stores,  or  for  the  berthing 
or  accommodation  of  passengers  or  crew,  the  tonnage  of  such  space  shall 
be  ascertained  as  follows : — Measure  the  internal  mean  length  of  such 
space  in  feet,  and  divide  it  into  two  equal  parts  ;  measure  at  the  middle  of 
its  height  three  inside  breadths,  namely,  one  at  each  end  and  the  other  at 
the  middle  of  the  length  ;  then  to  the  sum  of  the  end  breadths  add  four 
times  the  middle  breadth,  and  multiply  the  whole  sum  by  one-third  of  the 
common  interval  between  the  breadths;  the  product  will  give  the  mean 
horizontal  area  of  such  space ;  then  measure  the  mean  height,  and  multiply 
by  it  the  mean  horizontal  area ;  divide  the  product  by  one  hundred,  and 
the  quotient  shall  be  deemed  to  be  the  tonnage  of  such  space,  and  shall  be 
added  to  the  tonnage  under  the  tonnage  deck,  ascertained  as  aforesaid, 
subject  to  the  following  provisoes :  first,  that  nothing  shall  be  added  for  a 
closed-in  space  solely  appropriated  to  the  berthing  of  the  crew,  unless 
such  space  exceeds  one-twentieth  of  the  remaining  tonnage  of  the  ship,, 
and  in  case  of  such  excess  the  excess  only  shall  be  added ;  and,  secondly, 
that  nothing  shall  be  added  in  respect  of  any  building  erected  for  the 
shelter  of  deck  passengers,  and  approved  by  the  Board  of  Trade. 

"  (5.)  If  the  ship  has  a  third  deck,  commonly  called  a  spar  deck,  the 
tonnage  of  the  space  between  it  and  the  tonnage  deck  shall  be  ascertained 
as  follows  : — Measure  in  feet  the  inside  length  of  the  space1  at  the  middle 
of  its  height  from  the  plank  at  the  side  of  the  stem  to  the  lining  on  the 
timbers  at  the  stern,  and  divide  the  length  into  the  same  number  of  equal 
parts  into  which  the  length  of  the  tonriage  deck  is  divided  as  above 
directed ;  measure  (also  at  the  middle  of  its  height)  the  inside  breadth  of 
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the  space  at  each  of  the  points  of  division,  also  the  breadth  of  the  stem  and 
the  breadth  at  the  stern;  number  them  successively  1,  2,  3,  &c,  com- 
mencing at  the  stem;  multiply  the  second  and  all  the  other  even  num- 
bered breadths  by  four,  and  the  third  and  all  the  other  odd  numbered 
breadths  (except  the  first  and  last)  by  two ;  to  the  sum  of  these  products 
add  the  first  and  last  breadths  ;  multiply  the  whole  sum  by  one-third  of 
the  common  interval  between  the  breadths,  and  the  result  will  give  in 
superficial  feet  the  mean  horizontal  area  of  such  space ;  measure  the  mean 
height  of  such  space,  and  multiply  by  it  the  mean  horizontal  area,  and  the 
product  will  be  the  cubical  contents  of  the  space ;  divide  this  product  by 
one  hundred,  and  the  quotient  shall  be  deemed  to  be  the  tonnage  of  such 
space,  and  shall  be  added  to  the  other  tonnage  of  the  ship  ascertained  as 
aforesaid ;  and  if  the  ship  has  more  than  three  decks,  the  tonnage  of  each 
space  between  decks  above  the  tonnage  deck  shall  be  severally  ascertained 
in  manner  above  described,  and  shall  be  added  to  the  tonnage  of  the  ship 
ascertained  as  aforesaid." 

"  Ships  which,  requiring  to  be  measured  for  any  purpose  other  than 
registry,  have  cargo  on  board,  and  ships  which,  requiring  to  be  measured 
for  the  purpose  of  registry,  cannot  be  measured  by  the  rule  above  given, 
shall  be  measured  by  the  following  rule,  hereinafter  called  Rule  II. : — ■ 

"  (1.)  Measure  the  length  on  the  upper  deck  from  the  outside  of  the 
outer  plank  at  the  stem  to  the  aftside  of  the  stem-post,  deducting  there- 
from the  distance  between  the  aftside  of  the  stern-post  and  the  rabbet  cf 
the  stern-post  at  the  point  where  the  counter  plank  crosses  it ;  measure 
also  the  greatest  breadth  of  the  ship  to  the  outside  of  the  outer  planking 
or  wales,  and  then,  having  first  marked  on  the  outside  of  the  ship  on  both 
sides  thereof  the  height  of  the  upper  deck  at  the  ship's  sides,  girt  the  ship 
at  the  greatest  breadth  in  a  direction  perpendicular  to  the  keel  from  the 
height  so  marked  on  the  outside  of  the  ship  on  the  one  side  to  the  height 
so  marked  on  the  other  side,  by  passing  a  chain  under  the  keel ;  to  half 
the  girth  thus  taken  add  half  the  main  breadth  ;  square  the  sum  ;  multiply 
the  result  by  the  length  of  the  ship  taken  as  aforesaid ;  then  multiply  this 
product  by  the  factor  -0017  (seventeen  ten- thousandths)  in  the  case  of 
ships  built  of  wood,  and  by  -0018  (eighteen  ten-thousandths)  in  the  case  of 
ships  built  of  iron,  and  the  product  shall  be  deemed  the  register  tonnage 
of  the  ship  subject  to  the  additions  and  deductions  hereinafter  mentioned. 

"(2.)  If  there  be  a  break,  a  poop,  or  other  closed-in  space  on  the  upper 
deck,  the  tonnage  of  such  space  shall  be  ascertained  by  multiplying 
together  the  mean  length,  breadth,  and  depth  of  such  space,  and  dividing 
the  product  by  100,  and  the  quotient  so  obtained  shall  be  deemed  to  be 
the  tonnage  of  such  space,  and  shall,  subject  to  the  deduction  for  a  closed- 
in  space  appropriated  to  the  crew  as  mentioned  in  Rule  I.,  be  added  to 
the  tonnage  of  the  ship  ascertained  its  aforesaid." 

In  ships  propelled  by  steam  an  allowance  or  deduction  is  made  from  the 
tonnage,  ascertained  by  these  rules,  for  the  space  occupied  by  or  on  account 
of  the  machinery,  and  the  remainder  is  deemed  the  register  tonnage.  This 
allowance  is  measured  in  the  following  manner,  by  an  order  of  the  Com- 
missioners of  Customs,  dated  23d  October,  1860  : — 

"  In  pursuance  of  the  powers  granted  by  the  29th  section  of  the  '  Mer- 
chant Shipping  Act,  1851-,'  the  Hoard,  with  the  approval  of  the  Board  of 
Trade,  direct,  with  a  view  to  the  more  accurate  and  uniform  application 
of  the  principle  of  granting  a  certain  allowance  to  steamers  for  their  pro- 
pelling power,  that  in  l'uu  of  the  rules  set  forth  in  the  section  23rd  of  the 
'  Merchant  Shipping  Act,'  and  in  paragraphs  1,  5,  0,  IS,  and  20,  of  in- 
llmmfoiM  to  measuring  surveyors  of  lb65,  the  following  rule  be  adopted 
in  future,  viz.  : — 

" Rule.— In  every  ship  propelled  by  steam  or  other  power  requiring 
engine  room,  an  allowance  of  -pace  or  tonnage  liuD  fat  Bade  lor  the 

pied  by  the  propelling  power,  and  the  ■mom  'ail  be  de- 

ed from  the  groat  tonnage  of  the  ship,  and  such  eV  all  be 

estimated  an  follows  (that  i-  to  lay):  — 

"(1.)  M-  •  mean  length  of  the  engine  r...  b  the  fore- 

most moat  bulkheads  or  limits  of  ii-  length,  oemding  such  pari  -. 

tfany,  m  -ire  not  actually  occupied  bj  or  required  for  the  proper  working 
.,fti.  are  the  depth  of  the  ship  al  the  middle  poinl 

at.    111.'    bml  •(»    the    Upper  ch 

of  three 

tonn.'  other  ship 

middle  oi  th  ,  mnltipl] 

dine  d  ion  oid  depth  I 

d    from    l 

"  i  8.)   In  1 

framed  in  lor  tie-  m  -  ■■'  nn  I  air,  ; 

multiplying  together  He-    length,  bi 
dividing  the  product  h\   I"",  -h  ill  i»-  added  to 

"(3.)  In  the  caseof  icre* 
be  deemed  to  form  part  and  added  to   IUI  A  shall  be  BMerl 


by  multiplying  together  the  length,  breadth,  and  depth  of  the  trunk,  anil 
dividing  the  product  by  100. 

"  (4.)  In  any  ship  in  which  the  machinery  may  be  fitted  in  separate 
compartments  the  tonnage  of  each  such  compartment  shall  he  mea- 
sured severally  in  like  manner  according  to  the  above  rules,  and  the  sum 
of  their  results  shall  be  deemed  to  be  the  tonnage  of  the  said  space." 

Diagrams  1  and  2,  page  60,  are  explanatory  of  these  rules. 

These  diagrams  represent  a  ship  with  two  decks,  the  upper  one  of  which 
is  of  a  length,  measured  in  the  manner  pointed  out  in  the  rules,  greater 
than  180ft.,  and  less  than  225ft.,  and  a  depth  of  hold  greater  than  16ft. 
By  the  rules  the  length  of  this  ship,  from  1  to  11,  is  divided  into  10  equal 
parts,  at  the  points  2,  3,  4,  5,  6,  7,  8,  9,  10.  At  each  of  the  points  of 
division,  and  also  at  the  extremities,  1,  11,  of  the  length,  sections  are  made 
as  in  diagram  Xo.  2.  These  sections  being  of  a  length  1  to  7,  measured 
as  pointed  out  in  the  rules,  greater  than  lGft.,  are  divided  into  six  equal 
parts,  at  the  points  2,  3,  4,  5,  6,  diagram  No.  2.  The  area  of  each  of  these 
cross-sections  (Figs.  5  and  6),  is  calculated,  as  pointed  out  in  the  rules,  by 
adding  together  the  breadth  at  one,  the  breadth  at  7,  twice  the  breadth  at 
each  of  the  other  odd  numbers,  and  four  times  the  breadth  at  each  even 
number.  The  sum  of  these  breadths  is  multiplied  by  one-third  of  the  distance 
betwixt  the  breadths,  and  the  product  is  the  area  of  the  section.  Having  ob- 
tained in  this  way  the  area  of  the  cross-sections  at  the  points  1,  2.  ...  11  of 
diagram  ~So.  1,  the  cubical  internal  capacity  of  the  ship  is  calculated  in 
the  same  way  as  the  area  of  the  cross-sections,  and  as  follows  : — The  area 
at  1,  the  area'  at  11,  twice  the  area  at  each  of  the  other  odd  numbers,  and 
four  times  the  area  at  each  even  number,  are  added  together ;  and  the 
sum  of  the  areas  so  obtained  being  multiplied  by  one-third  of  the  distance 
betwixt  the  areas,  the  product  is  deemed  the  cubical  capacity  of  the  ship. 
The  cubical  capacity  being  divided  by  100,  the  quotient  is  the  tonnage  of 
the  ship. 

Whether  the  tonnage  of  a  ship  so  ascertained  gives  a  correct  measure- 
ment of  the  internal  capacity,  depends  plainly  upon  whether   the  areas  nt 

the  points  1,  2 11  of  the  length  are  correctly  measured  in  the 

manner  pointed  out  in  the  rules,  and  also  upon  the  use  made  of  these  areas 
iu  the  calculation  by  which  the  cubical  capacity  is  evolved. 

The  areas  of  the  sections  are  calculated  upon  the  principle  that  each 
section  is  composed  of  six  parts,  as  shown  in  diagram  Xo.  li,  and  that  the 
area  of  each  of  these  component  parts,  say  of  the  part  A  I!  C  1>,  is  obtained 
by  adding  the  breadths  A  B,  C  D,  to  four  times  the  breadth  E  F,  and 
multiplying  the  sum  by  one-third  of  the  distance  from  A  1!  to  K  P. 

The  theorem  upon  which  this  mode  depends  of  calculating  an  area 
bounded  by  the  three  straight  lines  A  1!,  D  C,  A  1>.  and  the  curved  line 
B  C,  is  correct,  if  the  curved  line  be  of  a  form  which  possesses  certain 
known  characteristics.  If  the  curved  line  be  of  the  form  called  1>\  mathe- 
maticians a  curve  of  the  second  order,  or  a  conic  section,  the  area  is  as  is 
shown  in  the  note,*  correctly  calculated  in  this  way  ;  but  if  the  curved 
line  be  of  any  other  form,  the  area  is  not  correctly  measured  in  that  way, 
and  the  amount  of  error  depends  on  the  form  of  the  carved  line,  and  on 
the  extent  to  which  it  differs  from  a  curve  of  the  second  order. 

The  areas  of  the  several   cross-section   al  the  points  1,2 11, 

measured  in  this  way,  are  used  in  the  mode  of  calculation  prescribed  by 
the  rules,  to  form  a  curve  of  area-,  eg  in  diagram  No.  IS,  in  which  the  per- 
pendicuhirs  at  the  points  ],2 11  are  drawn  of  a  length  propor- 
tional to  the  area-*  of  the  sections  at  these  points,  and  the  surface  of  this 
curve  of  area-  is  assumed  to  he  the  internal  capacity  ot  the  ship.  The 
surface  of  this  curve  is  calculated  in  the  same  way  M  the  surfaces  of 
the  various  cross-*  totiona  are  calculated.  The  widths  of  t lie  curve  al  the 
ts  l,  U,  twice  the  width  of  each  of  the  remaining  odd  numbered 
.,vi,l,!  width*  of  eacti  of  th-  even  numbered  widths 
are  added  together.  The  m  is  multiplied  by  one-third  of  the  distance 
betwixt  th.  i              ion-,  and  the  prodccsl  is  deemed  the  internal  capacity. 

It   is   plain   that   this   mode   of  calculation  assumes,    the  Curve    of   areas  to 
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consist  of  five  component  parts,  as  in  diagram  No.  4,  and  that  the  surface 
of  each  of  these  component  parts,  as,  for  example,  ABCD,  is  obtained 
by  adding  the  breadths  A  B,  D  C  to  four  times  the  breadth  E  F,  and  mul- 
tiplying the  sum  by  one-third  of  the  distance  from  A  B  to  E  F.  As  already 
stated,  the  accuracy  of  this  mode  of  ascertaining  the  surface  of  the  curve 
of  areas  depends  upon  the  form  of  the  curved  line  B  C.  If  this  line  be  a 
curve  of  the  second  order,  the  measurement  is  correct ;  but  if  it  be  a  line 
of  any  other  form,  the  calculation  of  measurement  so  made  is  incorrect, 
and  the  amount  of  error  depends  upon  the  form  of  the  line. 

It  thus  appears  that  the  mode  prescribed  of  calculating  the  internal 
capacity  of  a  ship  is  not  necessarily  exact,  unless  the  ship  be  of  a  par- 
ticular form — unless  it  be  of  such  a  form  that  the  various  cross-sections 
are  conic  sections,  and  also  that  the  line  called  the  curve  of  areas,  re- 
lating to  that  ship,  be  a  curve  of  the  second  order.  There  is,  besides,  an 
element  of  inaccuracy  in  the  calculation  of  the  internal  capacity  of  the 
ship  due  to  the  way  in  which  the  measurements  are  directed  to  be  taken. 
The  length  from  1  to  11,  in  diagram  Xo.  1,  is  plainly  greater  to  a  con- 
siderable extent  than  the  body  of  the  ship;  and  in  the  case  of  screw 
steamers,  which  have  a  propeller  aperture,  is  greater  to  an  extent  of 
material  importance.  In  consequence  of  the  excessive  length  taken,  the 
curve  of  areas  in  these  ships  must  always  be  considerably  different,  and 
more  particularly  at  the  after  end  of  the  ship,  from  the  form,  consistent 
with  accuracy  in  the  calculations;  at  the  bow,  the  fore  end  of  the  length 
taken  being  at  8,  the  length  is  greater  than  the  body  of  the  ship  by  the 
amount  which  the  point  1  overhangs  the  various  water-lines ;  and  at  the 
stern,  the  after  end  of  the  length  taken  being  at  11,  it  extends  considerably 
beyond  the  greater  part  of  the  ship,  which  terminates  at  the  fore  side  of 
the  propeller  aperture.  This  error  in  the  mode  of  taking  the  measure- 
ments would  be  avoided  if  the  length  was  taken  at  half  the  depth  of  hold, 
as  on  the  line  A  B,  diagram  Xo.  1,  and  calculating  separately  the  capacity 
of  those  parts  of  the  ship  beyond  the  extremities  of  this  line,  A  B,  in  the 
same  way  as  the  tonnage  of  quarter-decks,  poops,  and  roundhouses  is 
measured. 

To  measure,  however,  the  tonnage  of  a  ship  in  a  manner  which  will 
afford  no  inducement  to  the  builder  or  owner  to  adopt  a  form  of  ship 
unsuitable  for  the  performance  of  duly  was  the  material  object  sought 
to  te  attained  at  the  time  the  existing  mode  of  measnrement  was 
established ;  and  that  object  is,  undoubtedly,  sufficiently  accomplished 
by  the  rules  adopted.  There  is  occasionally  an  indefiniteness  in  the 
measurement  of  the  width  at  7,  the  floor  width  of  the  midship  cross- 
sections,  arising  from  the  flatness  of  the  floor.  In  the  writer's  opinion 
it  would  be  more  satisfactory  than  the  present  mode  to  make  this 
width  a  certain  proportional  part  of  the  width  next  above  it — that  is,  of 
the  width  at  6 — leaving  the  shipbuilder  at  liberty  to  form  the  floor  of  his 
ship  as  he  may  conceive  to  be  desirable.  This  would  no  doubt  be  not  a 
rigorous  mode  of  measuring  the  surface  of  a  cross-section;  but  while 
absolute  accuracy  is  practically  unattainable  in  such  operations,  it  would 
be  sufficiently  near  the  truth  for  the  purpose,  and  would  be  without  any 
element  to  induce  an  injudicious  form  of  chip. 

At  the  time  the  present  mode  of  measuring  the  tonnage  of  ships  was 
under  discussion  considerable  diversity  of  opinion  existed  on  the  question, 
whether  the  register  tonnage  of  ships  should  be  proportioned  to  the 
internal  capacity  or  to  the  external  volume.  In  the  writer's  opinion,  the 
proper  answer  to  this  question  depends  materially  on  the  purpose  for  which 
ships  are  measured  at  all.  If  ships  are  measured  for  the  purpose  of  pro- 
viding means  by  which  the  work  they  are  capable  of  performing  can  be 
compared;  and  if  that  work  consists  in  carrying  dead  weight, the  measure- 
ment for  tonnage  should  plainly  be  external.  Hut  if  the  work  consists  in 
carrying  what  is  technically  called  measurement  cargo,  the  measnrement 
should  be  internal.  Whether  dead  weight  or  measurement  capacity  is  of 
greater  importance  depends  somewhat  on  the  trade  in  which  the  ship  is  t  i 
be  employed;  but  in  the  greater  number  of  instances  capacity  for  dead 
weight  is  the  more  important  of  the  two  elements.  The  writer  is  nol 
aware  of  a  single  instance  of  a  contract  for  building  a  ship  in  which  mea- 
surement capacity  has  been  stipulated  for  irrespective  of  dead  weight 
while  many  contracts  have  been  made  providing  for  deadweight  irret 
pectiveof  measurement  capacity ,  showing  that  in  these  instances  external 
measurement  was  of  more  importance  than  internal  capacity.  If  ships  an 
measured  for  the  exaction  of  barboui  dues,  lights,  ..■■.,  the  measurement 
should  certainly  be  proportioned  to  the  external  volume,  considering  thai 
the  accommodation  received  in  a  harbour,  and  the  benefit  derived  from 
lights,  depend  more  on  the  external  dimensions  "i  i  ship,  and  particularly 
On  the  draft  of  water,  than  on  the  internal  capacity.  It  has  been  nrged 
that,  because  iron  ships  arc  lighter  than  those  built  of  timber,  and,  there 
fore,  with  the  same   external   dimensions,  capable  of  oan  eatei 

cargoes,  the  measurement  should  be  internal,  instead  of  external,  so  as  to 
deprive  iron  ships  of  this  advantage,  and  raise  wooden  ships  more  nearly 

to  the  level  of  those  of  iron  ;    but  it.  appears   to  tin-  writer  that  (his  I.. 

rather  another  reason  why  the  measurement  of  ships  should  I sternal — 

the  fact  that,  with  the  same  external  dimensions,  there  is  a  difference  in 


the  performance  of  wood  and  iron  ships — in  order  that  the  best  ship  should 
be  known,  without  reference  to  the  material  of  which  it  is  built. 

A  wood  ship  and  an  iron  ship  of  1000  tons,  built  for  12  years  A,  mea- 
sured externally,  will  have  respectively  an  internal  capacity  of*  820  tons 
and  890  tons,  and  will  weigh  respectively  820  tons  and  690  tons.  Thus, 
with  external  measurement,  an  iron  ship  of  1000  tons  will  carry  f  ten  per 
cent,  more  dead  weight  than  a  wood  ship  of  the  same  tonnage,  measured 
externally,  both  being  loaded  to  a  draft  of  water  leaving  three  inches  of 
side  for  each  foot  in  the  depth  of  hold,  and  will  have  eight  and  a  half  per 
cent,  greater  measurement  capacity;  while  with  internal  measurement,  as 
at  present  practised,  the  iron  ship  will  possess  the  same  measurement 
capacity,  and  will  have  onlyj  two  per  cent,  greater  dead  weight  capacity. 

With  internal  measurement  the  iron  ship  draws  less  water  than  a  wood 
ship  of  the  same  tonnage,  and  occupies  less  harbour  accommodation,  yet  is 
made  to  pay  the  same  dues  as  the  larger  wood  ship  drawing  more  water 
and  requiring  greater  harbour  accommodation ;  while,  with  external 
measurement,  ships  paying  the  same  dues  would  draw  the  same  water 
and  occupy  the  same  harbour  accommodation.  For  these  reasons  the 
writer  is  of  opinion  that  external  measurement  would  have  been  the 
more  equitable ;  although  any  change  is  now  manifestly  altogether  out  of 
the  question. 

Another  question  in  the  measurement  of  ships  has  been,  whether  in 
measuring  steamers  an  allowance  should  be  made  in  the  exaction  of  dues 
for  the  space  occupied  by  the  machinery  and  fuel.  To  make  a  deduction 
from  the  tonnage  of  a  steamer  on  which  dues  are  levied  is  virtually  a 
protective  duty  upon  the  application  of  steam;  and  although  earlier  in 
the  history  of  that  most  valuable  invention  such  a  protective  duty  may 
have  been  desirable,  no  reason  is  now  apparent  why  it  should  be  con- 
tinued. The  object  of  the  dues  levied  on  tonnage  is  to  support  harbours, 
lights,  &c. ;  and  if  the  payments  made  by  one  part  of  the  tonnage 
benefited  by  these  harbours,  lights,  &c,  is  reduced,  the  payments  made 
by  the  remainder  of  the  tonnage  must  be  so  much  greater.  To  reduce 
therefore,  the  dues  paid  by  steamers  is  to  increase  the  dues  upon  sailing 
ships;  and  the  writer  can  see  no  reason  why  steam  in  navigation  should 
be  supported  on  principles  now  so  much  out  of  date,  and  so  foreign  to  the 
policy  of  this  country,  except  it  be  a  reason  that  in  the  competition  betwixt 
steam-ships  and  railways  there  may  be  a  justifiable  policy  in  giving 
steam-ships  this  relaxation. 

The  question  remains,  whether  on  tonnage  there  should  be  any  allowance 
whatever  to  make  the  register  tonnage  upon  which  dues,  &c,  are  levied 
different  from  the  actual  tonnage  of  a  ship.  So  far  as  the  writer  can  Bee, 
there  is,  with  the  exception  of  the  allowance  in  the  tonnage  of  steam- 
ships for  the  competition  betwixt  steamers  and  railways,  no  abstract 
reason  why  the  register  tonnage  of  a  ship  should  be  different  from  the 
actual  tonnage,  unless  an  allowance  is  deemed  to  he  desirable  to  stimulate 
the  sanitary  construction  of  ships  in  the  use  of  round-houses  for  the  pro- 
tection of  deck  passengers,  and  the  adoption  of  improved  accommodation 
for  the  crew. 

The  register  tonnage  of  ships,  both  steam  and  sailing,  for  the  purpose 
of  levying  dues,  See.,  may  be,  and  probably  ought  to  be,  different  from  the 
tonnage  used  in  the  application  of  Lloyd's  Rules  to  (Kline  the  strength  of 
Bhips.  A  shin  witli  a  spar  deck,  for  example,  or  with  a  house  amidships, 
extending  from  side  to  aide,  is  a  very  different  ship  in  point  of  strength 
from  one  of  the  same  tonnage  built  with  a  poop,  or  quarter  deck,  or  round- 

house,   which  does   nol  extend  from  Bide  to  Bide.      It    may  be  that   in  ships 

constructed  with  a  poop,  quarter  deck,  or  round-house,  the  tonnage  used 
in  the  application  of  Lloyd's  Rules  should  be  not  the  net  gross  measure- 
ment of  the  - 1 1  i  i » .  but  a  greatei  tonnage,  in  which  the  poop,  quarter  deck, 
or  round-house  would  be  taken  at  a  tonnage  beyond  the  exact  measure- 
ment in  a  determinate  ratio,  to  compensate  for  the  weakness  inherent  to  a 
ship  so  built.    She  question  is,  however,  beyond  the  bcoj f  this  paper, 

and  need  not  nOVi   be  I aiderCd.§ 


•  \n  Iron  thin  ol        I  d  wi  Isrht  car) 

1,800  tons,  which,  added  to  776  tons,  the  wel  ul  oft  itol 

2-2751  .     ood  -hip  el'  the   ame  Inton  cut  linn  a  gn 

in  ih.  rat in'.'  in  i  --I.  and  lias  thoroforo  a  ill  plai  i  mi  in  ol  -  173  tons.    Th 

pin.'.  mi-Hi,  r.ihn  ill  bj  the  weight  of  the  ship,  1000  td  weight  cargo  of  1*479 

tbln  1 1«)  p.  i  .  ■  ">  Up. 

t  in  iuiiI.it  -hip*  the  C-  -  itemsl  volui 

n-.,ii    p I]     II  •  llmbi  i    in] 

Internal  ■  apai  Ity,  and  tho  weight  of  Iron 

Internall]  I,  and  load 
in,  will  ■  an  | 

mi  nt  will  carrj  onb       i  Thu 

rnal  i  spat  itj  i-.  s    almdj  stated  In  tin-  l  it,  In  tin-  ratio  "i  Bio  >  the 

favour  el  Iron 
§  from  what  has  bean   sld  II  irlllbc  apparent  that  it'  it  bo  required  to  build 

capable  of  carrying  tho  grcab  tamoi i  dead  weight 

i, ..hi. i  i..  a    i. ,'ii.  li  a-  possible  under  tho  loaddraft  line.    Hhi™  built  with  poi  i 

or  measurable  rotmd-houaos,  cannot  carry  ai  mncl  ofiho 

Bins  '.  nnags  built  ndthoo  :    blpi  dunl 

id  weight  cai  -,  and  plain)]  tot  sides  built  with  a  considerable  amount 

..r  inn, 1. 1.  p.. mi  in.  i. 


62 


Royal  Scottish  Society  of  Arts. — Institution  of  Civil  Engineers. 


[The  Aktizait, 
March  1, 1863. 


EOYAL    SCOTTISH    SOCIETY    OF    ARTS. 


NOTICE  OF  A  SIMPLE   IMPROVEMENT  ON   SHIPS'  ANCHORS. 
By  Heeiot  Cttbeie,  Engineer  to  the  Northern  Lights  steamer  Pharos. 

Much  attention  has  of  late  been  called  to  the  ground  tackle  of  ships, 
from  the  appalling  wrecks  which  so  frequently  occur  on  our  coasts  being 
too  often  traceable  to  defective  mooring. 

While  probably  little  can  be  done  for  cables,  except  making  them  of 
the  best  materials  and  in  the  most  careful  manner,  the  anchor  is  sus- 
ceptible of  considerable  modifications,  and  it  is  now  constructed  in  various 
ways  which  the  several  inventors  consider  the  best  for  obtaining  the 
strength  and  bite  rendered  necessary  by  the  large  size  of  modern  ships 
without  unduly  increasing  its  weight  and  size. 

Without  attempting  to  express  any  opinion  on  the  merits  of  the  various 
patent  anchors  which  are  now  more  or  less  commonly  to  be  met  with,  I 
may  mention  that  the  anchor,  with  flukes  of  the  form  patented  by 
Trotman,  and  connected  with  the  shank  by  a  pin  or  joint,  has  come  into 
very  general  use ;  and  it  is  to  this  anchor,  or  any  other  with  moveable 
flukes,  that  the  improvmeut  which  I  have  invented  is  adapted. 


Fid:  1 


There  appears  to  be  little  doubt  that  the  pin  or  axis  on  which  the 
flukes  turn  is  the  part  of  the  anchor  which  is  most  liable  to  failure,  and 
besides  the  possibility  of  its  giving  way  from  unperceivable  defects  in  the 
metal  of  which  it  is  made,  there  is  also  a  danger  of  the  cutter,  which  keeps 
it  in  its  place,  dropping  out,  or  of  the  end  of  the  pin  through  which  the  cutter 
passes  being  broken  off  by  its  accidentally  coming  in  contract  with  a  pro- 
jecting point  of  rock.  In  either  way,  the  pin  would  become  loose  and 
might  work  out,  either  from  a  varying  strain  on  the  cable,  or  from  the 
vessel  swinging  to  wind  or  tide.  On  board  the  Northern  Lights  steamer 
Pharos  alone,  it  has  happened  on  two  occasions  that  the  shank  came  home 
and  left  the  flukes  at  the  bottom,  while  at  another  time  it  was  found,  wheu 
the  anchor  was  brought  on  board,  that  the  cutter  had  been  lost,  and  the 
pin  itself  had  nearly  dropped  out.  On  the  very  day  before  one  of  the  occa- 
sions on  which  the  flukes  were  lost,  the  Pharos  was  anchored  on  a  dangerous 
lee  shore,  and  had  the  anchor  given  way  then,  instead  of  the  very  next 
time  of  anchoring,  the  vessel  would  in  all  probability  have  been  totally 
wrecked. 


W/////////////////////^ 


Fig.  J. 

_  The  improvement  which  I  propose,  and  which  would  entail  little  addi- 
tional expense,  is  to  have  two  pins  to  connect  the  anchor  flukes  with  the 
shank — one  made  as  at  present,  and  serving  as  a  centre  on  which  the  flukes 
turn— the  other  fitting  tight  in  the  shank  and  working  in  a  circular  slot 
in  the  flukes.  The  pins,  as  shown  in  the  drawing,  have  their  heads  so  for- 
med as  to  lock  each  other  in,  so  that  should  one  of  the  cutters  drop  out,  or 
should  the  point  of  a  pin  be  broken  off  (an  accident  much  less  likley  to 
happen  than  before,  as  the  rounded  head  of  the  one  pin  protects  the  point 
of  the  other  from  injury),  the  damaged  pin  will  still  be  of  service,  as  it  will 
be  prevented  from  dropping  out  by  the  head  of  the  other  j  while,  should 


one  of  the  pins  even  give  way  entirely,  the  anchor  will  still  be  as  secure  as 
any  of  those  at  present  made  with  flukes  moving  on  one  pin. 

Fig.  1  is  an  elevation  of  anchor  with  flukes  turning  on  one  pin,  as  at  pre- 
sent constructed,  part  of  the  shank  being  shown  in  section  to  show  the  shape 
of  the  flukes  and  the  position  of  the  pin. 

Fig.  2  is  a  longitudinal  section  of  the  present  anchor  through  the  joint. 

Fig.  3  is  the  elevation  of  anchor  of  the  form  I  propose,  with  two  pins ; 
the  shank  partly  cut  away  to  show  the  arrangment. 

Fig.  4  shows  the  pins  detached,  and  with  the  locking  part  of  the  head 
of  each  pin  forged  with  a  rounded  swell,  so  as  more  effectually  to  protect 
the  point  of  the  other.  Each  cutter  in  this  arrangement  passes  through 
the  head  of  one  pin  and  the  point  of  the  other. 

Fig.  5  is  a  longitudinal  section  of  the  anchor  with  two  pins  through  the 
joint,  showing  the  manner  in  which  one  pin  locks  the  other. 


INSTITUTION  OF  CIVIL  ENGINEERS. 

ON  RAILWAY  TELEGRAPHS,  AND   THE  APPLICATION   OF  ELEC- 
TRICITY TO  THE  SIGALLING  AND  WORKING  OF  TRAINS. 

By  Me.  W.  H.  Peeece,  C.E. 

In  the  two  papers  on  "  Railway  Accidents,"  by  Mr.  Brunlees  and  Captain 
Galton,  read  at  the  Institution  during  the  last  session,  it  was  shown  that  27  per 
cent,  of  the  accidents  arising  from  pre\  entible  causes  were  due  to  a  want  of  the 
electric  telegraph.  No  mention  was  then  made  of  accidents  attributable  to  the 
presence  of  the  telegraph,  of  which  several  instances  could  be  cited,  and  which 
had  even  led  to  an  argument  being  maintained  against  its  utility ;  but  it  was  con- 
tended, experience  had  proved  that,  in  particular  localities,  such  as  the  Victoria 
Station  (Pimlico),  the  New-street  Station  (Birmingham),  the  Lickey,  and  other 
steep  inclines,  and  long  tunnels,  its  employment  was  imperative.  The  author 
did  not,  however,  advocate  the  general  and  indiscriminate  adoption  of  the 
telegraph,  as  a  primary  power,  in  the  working  of  railways.  It  was,  like  many 
mechanical  arrangements,  and  uncertain  agent,  and  its  chief  advantage  lay  in  its 
secondary  or  auxiliary  character,  in  which  capacity  it  was  invaluable. 

The  Author  then  proceeded  to  discftss  the  various  systems  that  had  been  in- 
troduced in  working  long  tunnels,  single  lines,  steep  inclines,  drawbridges,  and 
other  exceptional  cases ;  alluding  incidentally  to  the  supposed  superiority  of 
working  lines  by  an  interval  of  space  in  preference  to  an  interval  of  time. 

The  first  application  was  that  of  Mr.  Cooke,  the  original  introducer  of  the 
electric  telegraph  into  practical  use  for  railwa}'  and  commercial  purposes.  He 
suggested  and  established  on  the  Eastern  Counties  Railway,  between  Norwich 
aud  Yarmouth,  in  1844,  what  was  now  known  as  the  'block'  system.  A  line 
of  railway  was  divided  into  sections,  each  having  its  own  telegraph,  which  regu- 
lated the  line  signals,  and  prevented  the  admission  of  a  second  train  upon  the 
same  length  of  line.  For  this  purpose  a  needle  instrument  was  employed,  which 
showed  the  presence  of  a  train  upon  any  particular  section.  The  author  pointed 
out  that,  by  making  the  out-door  signals  a  representation  of  the  indications  of 
the  needle,  distant  stations  could  be  worked  like  distant  signals  ;i[and,  conse- 
quently, that  instead  of  these  signals  being  confined  to  distances  of  about  1000 
yards,  by  the  aid  of  the  telegraph  the  distance  could  be  increased  ad  infinitum. 
Most  railway  companies,  in  working  long  tunnels,  &c.  employed  simply  a  single 
needle  speaking  instrument,  which,  by  a  momentary  deflection  of  the  needle  on 
one  side,  gave  '  train  in,'  and  on  the  other  '  train  out.'  Only  these  two  signals 
were  used  on  the  entry  and  exit  of  trains.  This  plan  was  condemned  as  being 
fault}'  and  inefficient. 

Mr.  Edwin  Clark  (M.  Inst.  C.E.)  perfected  the  scheme  of  Mr.  Cooke,  in  the 
system  he  introduced  upon  the  London  and  North-Western  Railway,  which  was 
fully  described.  The  needle  instrument  was  employed,  but  its  indications  were 
made  permanent  by  the  use  of  continuous  currents  of  electricity.  It  not  only 
showed  when  the  line  was  clear,  and  when  there  was  a  train  on  the  line,  but  also 
the  occurrence  of  an  accident  This  last  signal  was  produced  by  rupturing  wires 
that  descended  every  alternate  pole  on  the  line ;  but  this  plan  was  thought  to  be 
dangerous.  The  London  and  North- Western  Railway  Company  did  not  strictly 
adhere  to  the  '  block '  system.  They  allowed  two,  three  and  sometimes  fonr 
trains  to  be  on  the  same  length  at  the  same  time.  The  '  train  on  line '  signal  was 
only  accepted  as  a  caution,  and  not  as  a  danger  signal.  This  was  a  partial  ex- 
pedient, which  provided  a  certain  amount  of  safety,  but  it  was  not  considered 
sufficient  under  all  circumstances  to  prevent  collision.  A  somewhat  similar,  but 
less  complete,  system  was  adopted  on  the  Great  Northern  Railway ;  permanent 
signals  were  not  used,  but  carefully  kept  record  books  were  maintained  in  which 
all  signals  were  entered. 

The  advantages  and  disadvantages  of  speaking  telegraphs  in  connection  with 
signalling  apparatus  were  considered,  and  it  was  maintained  that  a  speaking 
telegraph  should  never  form  a  portion  of  a  signalling  system,  but  be  a  separate 
and  independent  agent.  The  objections  to  the  needle  instrument,  as  regarded  its 
transitory  signals,  and  its  liability  to  reversal,  demagnetization,  and  injury  by 
lightning,  as  well  as  its  capability  of  being  converted  into  a  conversational  me- 
dium, were  stated  to  be  partially  avoided  in  Mr.  Tyer's,  and  in  Mr.  Bartholomew's 
systems.  The  former  was  used  on  the  North  London  and  several  other  lines  ; 
the  latter  on  the  Loudon,  Brighton,  and  South  Coast  Railway.  Mr.  Walker's 
system  of  bells,  ou  the  South  Eastern  line,  by  which  an  indicator  was  dispensed 
with,  and  dependence  placed  solely  on  sound,  was  mentioned.  The  French 
system  of  M.  Regnault,  which  did  not  differ  essentially  from  Mr.  Clark's — ■ 
excepting  that  the  "  block  "  was  maintained  by  self-acting  mechanism,  and  not 
by  hand — a  questionable  alteration — was  described.  The  French  "  appareils  de 
demande  de  secours  "  andthe  German  bell  system  were  deemed  to  be  impracticable 
in  England. 
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It  was  shown  that,  in  all  these  systems,  the  two  signals,  danger  and  safety, 
■were  not  sufficiently  opposite  in  their  indications  to  he  unmistakeble,  and  that 
this  was  ohviated  in  an  instrument  invented  by  Mr.  Highton,  in  1851,  and  re- 
cently applied  on  the  Great  Western  line  by  Mr.  Spagnoletti.  Written  words 
were  given  in  place  of  the  deflection  of  a  needle.  Moreover,  the  signals  in  all 
these  systems  were  so  dissimilar  to  those  used  out  of  doors,  that  the  signalman 
had  to  master  and  to  retain  on  their  mind  two  systems,  the  one  line  signals,  to 
regulave  the  trains,  the  other  electric  signals,  to  regulate  those  of  the  line.  The 
author  then  proceeded  to  describe  how  he  had  assimilated,  on  the  London  and 
South  Western  railway,  tbe  electric  to  the  line  signals.  The  instrument  used 
by  him  was  an  exact  counterpart,  on  a  small  scale,  of  the  signals  employed  on 
the  line,  whether  semaphore,  disc,  or  otherwise,  ar.d  it  was  worked  in  a  precisely 
similar  manner.  The  electric  signal  was  simply  a  distant  signal ;  and  it  was 
contended  that,  if  a  system  of  signalling  was  found  sufficient  to  work  the  trains 
hy  manual  power,  the  same  system  must  be  equally  efficient  when  manipulated 
by  electrical  agency. 

The  Nortb-Western,  Mr.  Tver's,  and  the  South-Western  systems — as  embrac- 
ing the  principle  of  all  those  in  use — were  compared  and  their  relative  superiority 
discussed.  It  was  argued,  that,  while  the  North-Western  and  the  South- 
western systems  met  nearly  all  the  conditions  laid  down,  Mr.  Tyer's  system 
failed  to  do  so,  and,  under  some  circumstances,  had  been  proved  to  be  objec- 
tionable. 

Various  self-acting  arrangements  for  communicating  between  two  trains,  or  a 
train  and  a  station,  or  signals  and  an  engine,  or  signals  and  a  station,  &c,  were 
alluded  to,  and  their  impracticability  shown. 

The  danger  of  using  the  telegraph  as  a  medium  of  converstion,  without 
carefully  writing  down  everything  sent  and  received,  and  the  necessity  of  re- 
peating every  important  message,  were  adverted  to.  The  use  of  record  books,  as 
a  check  upon  the  telegraph,  was  also  advised. 

The  method  of  working  single  lines  by  telegraph  was  then  discussed.  This 
could  be  done  in  two  ways,  either  in  a  primary  manner,  by  means  of  a  signalling 
apparatus,  or  in  a  secondary  manner,  to  give  notice  of  the  delay  of  trains,  to 
hurry  on  one  train,  to  stop  another,  to  alter  the  authorised  passing  places,  and 
to  prevent  the  unpunctuality  of  one  train  affecting  all  the  rest.  The  system  in 
use  on  the  London  and  South  Western  line,  and  in  America,  in  which  the  latter 
plan  was  employed,  wits  descrided.  It  was  argued  that  single  lines,  properly 
worked,  would  be  sufficient  to  meet  a  great  portion  of  the  traffic  of  this  country  ; 
and  that  large  sums  of  money  had  been  uselessly  expended,  in  consequence  of 
Parliament  compelling  railway  companies  to  make  double  lines,  where  a  single 
line  would  have  been  ample  for  the  requirements  of  the  district.  This  had  been 
owing  to  the  absence  of  a  reliable  signalling  apparatus,  and  the  want  of  con- 
fidence in,  or  knowledge  of,  the  telegraph  by  railway  managers.  With  a  well- 
managed  speaking  telegraph  to  regulate  the  trains,  and  a  reliable  signalling  ap- 
paratus to  regulate  the  signals,  safety  and  regularity  were  assured ;  and  single 
lines  might  be  worked  as  securely  and  as  rapidly  as  double  lines. 

The  low  estimation  in  which  the  telegraph  was  held,  and  the  little  considera- 
tion it  received  on  the  part  of  railway  officials,  were  regretted ;  and  while  it  was 
admitted  that  where  indiscriminately  used,  the  telegraph  might  become  a  positive 
source,  of  danger,  yet  when  carefully  applied  it  would  be  found  to  be  the  greatest 
element  of  security. 


OS  THE  WOODS  USED  FOR  SLEEPERS  ON  THE  MADRAS  RAILWAY. 
ISv  Mb.  Bbtcb  McMastek,  M.  Isst.  C.E. 

The  native  wood  sleepers  having  hitherto  been  found  for  the  most  part  to  fail, 
— on  the  Madras  Railn  ay  between  30  and  40  per  cent,  requiring  to  be  renewed 
annually, — the  Author  undertook  an  investigation  with  a  view  of  ascertaining 
the  causes  of  this  deterioration,  and  whether  those  causes  could  be  overcome,  so 
as  to  render  available  the  vast  resources  of  India.  Thirteen  hundred  sleepers,  of 
sixteen  different  woods,  were  submitted  to  careful  examination  and  scrutiny 
twice  at  an  interval  of  twelve  months.  The  sleepers  were  variously  placed,  both 
on  embankments  and  in  cuttings  ;  in  some  eases  t hoy  were  entirely  covered  with 
ballast,  to  a  depth  of  I  inches,  while  in  others  they  were  as  roach  as  possible 
uncovered,  and  completely  so  from  the  rails  to  the  ends,  the  ballast  being  only 
1 2  inches  in  the  middle  of  the  way,  and  sloped  off  so  as  bo  carrj   amay  the 

water  under    tbe    rails.      From   these  observations    it    appeared,    that    only  live 

woods,—  ( 'lielia   Woonjay,  Eloopay,  Kurrah  Mnrdah,  Palay,  and  Karavalum, — 

were  sound  at  the  end  of  two  years,  the  other  eleven  not  lasting  even  that  time. 

,  that  when  the  sleepers  were  uncovered,  i  less  rapid  than  when 

buried  in  the  ballast.    The  plan   of  leaving  the  sleepers  partially 

it  effected  "  saving  ill  tbe  ballast,  allowed    the 

be  mora  quickly  detected,  and  kept  the  sleepers  drier,     [thad  been 

I,  that  the  1  an  would  split  tin  ■  keys  and 

;  but   from  experience  the  Author  was  enabled  to  state  that, 

while  amongst  the  "  uncovered    sleepers  then-  was  a  larger  proportion ''beginning 

i  "  nseless  from  being  split,"  there  was,  on  the  otnernand,  amongst  tbe 

red"  sleepers,  a  still  larger  proportion  "beginning  to  rot,  fr 

being  rotten.'     I  noticed,  that  of  the  sleepers  " beginning  to  re 

per  cent,  bad  commenced  under  one  or  both  chairs.  This  was  due  to  the 
retention  of  moisture  under  them,  and  might  be  remedied,  the  Author 
believed,  bj  tarring  the  seats  of  the  chairs.  As  regarded  thi  trenails, 
where  the  sleepers  were  rotten,  tho  trenails  were  intariablj    found  to  be  in  die 

same  state  ;   while  when  the  heads  were  exposed  to  the  sun.  he   neve?  found  them 

loosened  by  shrinking.     Another  object was,  that   the  road  would  be  more 

liable  to   bucklo  and    twist,   but    this   was   not    found    to  he   the  ,-a-e    on    the    I" 

miles  of  line,  thus  ballasted  ami  opened  for  traffic,  on  the  division  under  bit 
charge.  Trenails  made  in  Indin  cost  £2  l'>.«.  to  L'f  per  thou  md  ind  the 
woods  generally  used  for  the  purpose   were  Vengay,   Kurrah  Murdah,  ' 


Porasa  or  satinwood,  and  Trincomalee.  The  three  woods  first-named  were  also 
extensively  employed  for  keys,  which  were  considerably  larger  than  usual ;  but 
Teak  keys  seemed  to  he  the  best,  and  their  cost  did  not  exceed  £6  per  thousand. 
From  personal  observation  and  enquiry,  the  Author  thought  the  following 
woods  would  make  really  good  sleepers,  to  be  used  plain  :— Teak,  Saul,  Sissoo 
Pedowk,  Kurrah  Murdah,  Aucha,  Vengay,  Chella  Woonjay,  Erool,  Karavalum, 
Dud  Eloopay,  and  Paulay. 

The  sleepers  which  had  failed  on  the  Madras  Railway  might  he  divided 
into  two  classes — those  which  were  originally  of  perishable  woods,  and  were 
therefore  unfit  for  the  purpose,  aud  those  which,  although  of  good  woods,  had 
been  cut  from  young  trees,  and  not  been  allowed  to  stand  till  old  enough. 
The  first  arose  from  want  of  experience  in  Indian  woods,  the  second  to  the 
absence  of  a  proper  system  of  working  tbe  jungles.  The  conditions  under  which 
the  sleepers  were  supplied  to  the  Railway  Company,  either  through  native 
contractors  possessed  of  capital,  or  by  purchase  direct  from  the  wood-cutters 
or  others,  having  been  found  to  fail,  the  Author  suggested  thai  in  future  the 
Company  should  send  their  own  agents,  with  sufficient  establishments,  into 
thejungles  to  cut  down  the  wood,  that  the  wood-cutters  should  be  famished 
with  proper  appliances,  and  their  operations  be  carefully  superintended.  This 
was  done  in  one  or  two  instances  on  the  Madras  Railway,  with  - 
success.  In  particular  from  the  Palghaut  Jungles,  Mr.  Ross,  one  of  the 
resident  engineers,  was  able  to  furnish  sleepers  for  nearly  eight  districts,  while 
on  other  portions  of  the  line  the  supply  required  for  oiie  district  of  25  miles 
could  only  be  obtained  from  a  great  variety  of  sources.  But  as  the  Indian 
Jungles  abounded  in  woods  of  too  perishable  a  nature  to  allow  of  their  being 
used  plain,  the  Author  recommended  that  the  sleepers  should  be  creosoted  on  a 
much  larger  scale  than  had  yet  been  attempted  in  that  country,  and  those  so 
preserved  which  had  been  sent  from  England,  answered  admirably.  The  pro  ss 
had  not  yet  been  fairly  tried  in  India,  as  only  Saul.  Teak,  Soondry,  Sissoo,  and 
other  hard  close-grained  woods  had  been  submitted  to  it;  while  the  cheaper, 
more  easily  procured,  lighter  and  more  open-grained  woods  had  been  neglected. 
English  creosoted  sleepers  ,  led.  say,  100  miles  by  rail  and  50  miles  by  road, 
cost  9s.  Qd.  each;  while  good,  native  wood,  plain  sleepers  delivered  at  the  works 
averaged  6s.  each.  If  establishments  and  apparatus  for  creosotiug  were 
erected  in  convenient  positions  near  to  each  extensive  jungle,  it  was  believed 
sleepers  of  common  wood  might  be  procured  for  'Is.  6rf.  each,  and  he  creosoted 
for  about  Is.  each. 

In  proof  that  the  resources  of  India  were  likely  to  be  equal  to  the  demand, 
reference  was  made  to  the  Report  of  the  Conservator  of  Forests  for  the  official 
year  1859-60.  From  this  it  appeared  that  from  the  Salem  Jungle  alone — one 
probably  of  twenty  in  the  Madras  Presidency — about  216,0O0  sleepers,  or 
sufficient  for  133  miles  of  railway,  had  been  cut  during  that  year.  Of  this 
number  about  02  per  cent,  could  not  be  used  plain,  and  were  practically  useless, 
owing  to  the  want  of  artificial  means  for  preserving  those  of  B  perish 
nature.  But  as  a  supply  from  each  jungle  of  2000  sleepers  per  month  would 
provide  for  the  construction  of  500  miles  of  railway  in  that  Presidency 
within  the  next  five  years,  and  for  a  renewal  of  83  per  cent,  of  those  olreadj 
laid,  it  might  he  confidently  anticipated  that  .the  supply  would  not  fail,  it 
means  were  taken  to  make  the  naturally  perishable  sleepers  last  a  reasonable 
time. 

In  conclusion,  the  Author  recommended  that  a  fair  trial  on  a  new  footing  be 
made  with  the  native  wood  sleepers;  that  all  woods  now  known,  or  hereafter 
found  to  be  good,  be  used  plain,  and  that  others  lie  avoided  ;  that  proper  care 
be  taken  in  the  selection,  felling,  and  seasoning  of  the  timber:  that  the 
sleepers  be  tarred  uuder  the  seats  of  the  chairs,  and  that  they  be  laid  in  dry 
ballast,  raised  slightly  in  the  middle,  and  sloped  off  BO  OS  to  throw  the  water 
under  the  rails. 
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"N  Tin:  Bl  RNLE1  COAL  FIELD, 

Mr.  T.  T.  Wilkinson,  I'.K.A.S.,  said  that,  in  the  paper  upon   this  subject,  pre- 
pared I'',    Mi-   Joseph    Whitaker,  of   liurnhv,   and    himself,  and   road   before   the 

Geological  Section  ol  the  British  Association,  at  Sfanchi  iter,  they  gave  a  sketch 

of  the   principal  mines  in  this  distriet,  but  they  purposely  omitted  all  mention  ol 

those  whose  thickness  did  not  ;  however,  one  or  two 

of  these  thinner  mine,  u  hieh  may  hereafter  bee.. me   worthy  of  QOtioB,  Mid  heme 
hi-  offered  the  present  note  as  an  addition  to  Mr.  Hulls  valuable    synopsis   in  pp. 

183   I  of  In 

J  X 

I    v  I  \    HAS    \\  IJtMii, 

St  t  j  principally  of  blueolay,  followed  by  light  metals 

1.— -Coal,  the  "China  l»  I  ...  j 

Strata,  consisting  elm  fly  ol    -rev  rv  and  mi  '  il  I 

2. — Coal,  the  bed  not  nam..!,  and  overlaid  bj 
cannel,  together  1 1 

Stra'  I  mainly  ol  dark  ra  -  and  mi  I  7 9 

3.— i  Danbj  Bed 

Strata,...,  hi    blue   rock,    metal-,    and    bUok 

shah-      .  |_V. 

i. — Coal,  thai  ...  ...  ..r 

Th.  which  has  been  hitherto  omitted:  and,  if  of  no  other 

vain.    .  ,i    with    the 

.•i  e..al  in  other  localil 
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ON  THE  NEW  RED  SANDSTONE   AND  PERMIAN  FORMATIONS  AS 

SOURCES  OF  WATER  SUPPLY  FOR  TOWNS. 

By  Edward  Huil,  B.A.,  F.G.S. 

The  paper  commenced  by  pointing  to  the  advantage  enjoyed  by  most  of  the 
large  towns  of  the  central  counties  from  their  geological  position,  when  built  on 
the  new  red  sandstone.  First,  from  being  in  proximity  to  coal ;  second,  from 
having  a  dry  foundation ;  third,  from  having  easy  access  to  building  stone ;  and 
fourth,  from  the  fact  of  their  resting  upon  natural  reservoirs  of  water  stored  up 
in  the  sandstone  itself.  The  Author  considered  that  many  of  these  towns  had 
not  taken  full  advantage  of  this  last-named  source  of  water  supply,  partly  from 
a  distrust  of  the  resourees  of  the  rock,  and  partly  from  the  failure  sometimes 
sustained  in  consequence  of  the  positions  for  the  wells  having  been  selected  with- 
out a  proper  regard  to  the  geological  structure  of  the  country. 

The  excellence  of  the  new  red  sandstone  and  the  lower  permian  sandstone  as 
sources  of  water  supply,  was  shown  to  depend  upon  three  qualities.  I.  Their 
porousness  ;  Homogenity,  or  uniformity  of  structure  and  composition  ;  3.  Filter- 
ing powers.  Each  of  these  were  treated  of  in  detail,  and  with  examples  from 
several  wells  in  Lancashire  and  Cheshire.  The  Author  then  referred  to  the 
failure  of  the  attempts  to  obtain  fresh  water  at  Rugby,  and  a  sufficient  supply  at 
Wolverhampton  ;  and  he  maintained  that  an  abundant  supply  might  have  been 
found  at  the  latter  town  had  the  position  for  the  well  been  selected  with  due 
regard  to  the  geological  structure  of  the  country. 

The  Author  then  proceeded  to  lay  down  certain  rules  of  general  application  for 
the  selection  of  proper  sites  for  wells,  and  illustrated  the  subject  by  reference  to 
a  well  now  being  sunk  under  his  direction  at  Whitmore,  for  the  supply  of  the 
railway  works  and  town  of  Crewe.  The  position  of  the  well  is  in  a  trough,  both 
geographically  and  typographically,  and  on  a  four-inch  bore  bole  being  sunk  to 
a  depth  of  148ft.  the  water  ascended  to  the  surface  with  a  head  of  four  feet,  and 
has  continued  to  flow  without  diminution  for  the  last  six  months.  The  well, 
which  is  being  made  within  100  yards  of  the  bore  hole,  has  only  reached  a  depth 
of  60ft.,  but  already  yields  250,000  gallons  per  day. 

In  conclusion,  the  Author  expressed  his  conviction  that  the  question  of  water- 
supply  from  the  strata  was  becoming  every  day  more  a  geological  one,  just  as 
was    the    discovery    of   coal   beneath   the  formations  which  overlie  the  coal- 


NOTICE  OF  A  COMPRESSING  AIR  PUMP. 
By  Dr.  J.  P.  Jotjle. 

The  Author  referred  to  the  difficulties  of  realising  in  practice  the  theoretical 
advantages  of  the  air,  or  the  superheated  steam  engine.  The  abrasion  which 
takes  place  when  metal  rubs  against  metal,  without  an  intermediate  lubricator, 
speedily  destroys  the  cylinder.  He  believed  that  the  necessity  of  using  elastic 
packing  would  not  exist  if  fhe  length  of  the  channel  along  which  the  elastic  fluid 
must  pass,  in  order  to  arrive  at  the  opposite  side  of  the  cylinder,  were  sufficiently 
increased.  This  might  be  accomplished  by  increasing  the  depth  of  the  piston, 
or  by  placing  on  the  rim  of  the  piston  concentric  rings  to  enter,  at  the  begin- 
ning and  end  of  each  stroke,  corresponding  concentric  grooves  in  the  covers  of 
the  cylinder. 

The  principle  of  great  depth,  of  piston,  as  a  substitute  for  packing,  had  been 
successfully  carried  out  in  the  pump  which  was  the  subject  of  this  communica- 
tion. The  cylinder?,  two  in  number,  are  twenty  inches  long  and  two  inches  in 
diameter.  The  putons  are  solid  cylinders  of  iron,  ten  inches  long,  fitting  as 
accurately  to  the  cylinders  as  is  consistent  with  freedom  of  motion.  The  depth 
of  each  piston,  as  compared  with  its  diameter,  renders  the  usual  guide  or  parallel 
motion  unnecessary,  so  that  the  connecting  rod  is  simply  jointed  to  the  top  of 
the  piston.  A  ir  is  readily  compressed  to  sixteen  atmospheres,  the  quantity  passing 
the  sides  of  the  cylinders  being  very  trifling. 


ON  SWELL  OBSERVED   AT  SEA,   PARTICULARLY  IN   THE 

REGIONS  OF  THE  SOUTH-EAST  TRADE  WIND. 

By  Mr.  Thos.  Heelis. 

The  Author,  after  examining  the  causes  of  swell  and  giving  instances  and 
especially  alluding  to  the  rollers  at  Ascension,  St.  Helena,  and  Tristan  d'Acunba, 
gave  some  instances  of  the  observed  succession  and  order  of  the  undulations  in 
altitude  and  of  the  speed  of  translation  of  the  crests,  which  in  one  instance  he 
had  found  to  attain  twenty-two  miles  per  hour ;  and  after  setting  forth  a  table 
of  different  instances  of  swell,  chiefly  in  the  Atlantic  and  Indian  Oceans,  and  Bay 
of  Bengal,  addressed  himself  to  the  consideration  of  the  swell  which  is  frequently 
observed  in  tropical  latitudes  in  the  southern  hemisphere  to  roll  up  from  the 
southward.  This  he  attributed  to  the  action  of  currents  setting  especially  in  the 
Indian  Ocean  from  the  neighbourhood  of  the  southern  tropic,  towards  the  great 
connecting  current  which  extends  from  the  Cape  of  Good  Hope  to  Australia. 
The  Author  gave  instances  of  these  currents  experienced  in 

3o"47'  S.  79°10'  E.  running  south  27  miles  in  24  hours. 
28°22'  S.  81°13'  E.        „  „      27      „ 

26°42'  S.  81°45'  E.        „  „      23      „ 

23°38'  S.  83°10'  E.        „  S.  50°  E.  42  „ 

And  called  attention  to  the  difference  between  them  as  actually  experienced,  and 
the  set  of  the  water  as  laid  down  upon  general  current  charts,  the  peculiar  cir- 
culation which  they  shewed  to  exist  at  times  in  the  Indian  Ocean,  and  the 
meteorological  disturbances  which  the  causes  which  set  such  currents  in  motion 
cannot  fail  to  originate. 


NOTES  ON  THE  INTRODUCTION  OF  STEAM  NAVIGATION. 

By  Mr.  Dyer. 

Mr.  Dyer  stated  that  this  subject,  being  of  great  importance,  had  engaged 
many  able  pens  in  tracing  the  origin  of  the  several  inventions  and  experiments 
that  preceded  the  final  triumph  of  steam  power  over  that  of  wind  for  navigating 
ships  ;  each  writer  claiming  the  honour  of  priority  for  his  own  country.  It  may 
be  useful  to  state  the  order  in  which,  and  the  partiesby  whom  the  principal  attempts 
were  made  to  realise  that  object.  Several  letters  lately  appeared  in  the  Times,  and 
were  thence  transferred  to  the  pages  of  the  Engineer,  giving  a  graphic  account 
of  the  "  first  steamer  in  Euglish  waters,"  the  "  Margery,  built  at  Dumbarton, 
by  the  late  William  Denny,  for  William  Anderson,  of  Glasgow,  and  passed 
through  the  canal  to  the  Forth  and  thence  to  the  Thames,  where  she  arrived  on 
the  23rd  January,  1815."  On  the  authority  of  Mr.  Anderson,  then,  this  date  is 
fixed  when  the  first  steamboat  was  seen  on  English  waters.  The  first  steamboat, 
the  Claremont,  was  started  as  a  regular  packet  on  the  Hudson  River,  in  the 
spring  of  1807 ;  so  that  the  first  steamer  seen  on  the  American  waters  was 
fifty-five  years  ago,  a  lapse  of  time  that  should  now  insure  a  calm  view  of  the 
steps  that  led  to  this  first  actual  success  in  steam  navigation.  It  will  be  shown 
that,  by  a  long  course  of  persevering  labours,  the  honor  of  that  success  must  be 
conceded  to  Robert  Fultou,  by  whom  it  was  achieved. 

Whilst  almitting  the  merits  of  other  ingenious  men  long  engaged  in  the  same 
pursuit,  it  is  clearly  proved  that,  either  from  good  fortune,  or  by  the  exercise  of 
superior  judgment  and  skill,  the  race  was  won  by  8  years'  priority  of  steam 
navigation,  by  Fulton,  on  the  Hudson  River. 

In  1793,  Mr.  Fulton  sent  his  plan  for  a  steamboat  to  Lord  Stanhope,  who 
approved  of,  and  thanked  him  for  the  communication.  Shortly  after,  Fulton 
went  to  Paris,  and  made  experiments  on  the  French  waters,  with  the  chain  floats, 
the  duck's-foot  paddles,  the  screw  or  smoke-jack  propellers,  and  with  the  paddle 
wheels,  to  which  latter  he  gave  the  preference,  and  constructed  a  boat  with  them 
in  1803,  which  was  the  model  adopted  in  building  the  Claremont,  in  1806. 

Mr.  D3rer  had  sailed  in  the  Claremont,  and  remembers  the  sensation  created  by 
her  appearance,  and  the  high  admiration  bestowed  on  the  author  of  so  great  an 
enterprise.  That  sensation  in  1807  was  precisely  the  same  as  the  Margery  created 
among  the  vessels  on  the  Thames  in  1815. 

All  attempts  at  steam  navigation  were  fruitless  before  the  invention  of  Mr. 
Watt's  steam-engine,  his  engine  being  the  first  that  could  be  usefully  applied  to 
rotative  machines  on  land,  and  therefore  for  propelling  ships.  The  principal 
claims  put  forth  by  other  inventors  of  steamboats,  are  the  following : — 

In  France,  the  Marquis  de  Jauffroy  constructed  a  Steamboat  at  Lyons,  in  1782, 
"  with  paddle  wheels,"  but  that  this  boat  did  not  succeed  is  obvious,  because  she 
was  not  heard  of  until  1816,  when  the  first  Fulton  boat  was  started  to  run  on 
the  Seine. 

In  1783,  Daniel  Bernoulli  proposed  a  plan  which  consisted  of  forcing  water 
throug  a  tube,  out  of  the  stern  of  the  boat.  This  scheme  has  been  tried  many 
times  since,  but  fails  on  account  of  the  defective  principle  of  applying  the  force. 
Endless  chains,  with  float  propellers,  have  been  many  times  tried  and  have  failed 
on  the  same  ground, 

In  1795,  Lord  Stanhope  made  experiments  with  a  boat  on  the  Thames,  using 
the  reciprocating  or  "duck's  foot"  paddles,  which  also  failed,  from  the  loss  of  time 
and  power  by  the  return  stroke. 

In  1785,  James  Rumsey,  of  Virginia,  tried  a  boat  on  the  Potomac,  and  after- 
wards in  London,  both  without  success ;  and  about  the  same  time  Mr.  Fitch,  of 
Philadelphia,  tried  one  with  paddle  wheels,  on  the  Delaware,  but  this  boat  also 
did  not  succeed  and  was  given  up  as  a  failure.  J.  C.  Stephens,  of  New  York, 
made  experiments  in  1804,  with  a  "  boat  25ft,  long  and  5ft.  wide,"  which  of 
course  did  no  good,  and  was  stopped  as  a  failure,  though  again  brought  to  notice 
as  preceding  Mr.  Fulton's. 

In  1788  and  1789,  William  Symington,  in  conjunction  with  Patrick  Millar  and 
James  Taylor,  made  experiments  with  their  patents  for  navigating  by  steam,  and 
in  1802  commenced  running  a  boat  on  the  canal  at  Glasgow  which  made  three 
miles  an  hour,  but  after  many  changes  of  propellers  and  trials,  the  scheme  was 
given  up,  and  no  more  was  beard  of  the  steamboat  of  Mr.  Symington  until  long 
after  those  of  Fulton  were  widely  spread  over  the  American  waters. 

In  1816,  the  Marquis  de  Jauffroy  complained  that  the  Fulton  steamboat  on  the 
Seine  had  taken  the  "paddle  wheels"  invented  by  him  and  used  at  Lyons  thirty- 
four  years  before,  but  also  abandoned  by  him.  To  this  charge  Mons.  Royou  re- 
plied in  the  Journal  dies  Debats,  thus : — "  It  is  not  concerning  an  invention,  but 
the  means  of  applying  a  power  already  known.  Fulton  never  pretended  to  be  an 
inventor  in  regard  to  steamboats  in  an}-  other  sense.  The  application  of  steam  to 
navigation  had  been  thought  of  by  all  artists,  bat  the  means  of  applying  it  were 
wanting,  and  Fulton  furnished  them." 

The  first  ocean  steamer  was  the  Fulton,  of  327  tons,  built  in  1813,  and  the 
first  steamer  for  harbour  defence  was  built  under  Fulton's  direction,  2470  tons, 
launched  in  1814.  This  became  the  model  ship  for  the  iron-clad  batteries  and 
rams  since  constructed  with  many  changes.  It  will  be  seen  by  the  drawings 
of  Fulton's  plans,  that  he  had  tried  the  several  other  kinds  of  propellers — the 
chain  float,  duck's  foot,  and  the  screw  fan — before  adopting  the  paddle  wheel, 
for  though  the  screw  was  good  in  principle,  it  was  many  years  before  it  could  be 
constructed  to  act  efficiently.  The  James  Watt  was  the  first  boat  with  the 
screw  running  between  London  and  Havre,  about  ten  years  after  the  advent  of 
the  Margery. 

In  1811  I  endeavoured  to  introduce  steam  navigation  into  England,  but  I  found 
a  strong  conviction  that  it  would  not  answer  in  this  country,  our  most  eminent 
engineers  saying, "  We  don't  doubt  the  success  of  steam-boats  in  the  wide  rivers 
and  harbours  of  America,  but  in  our  comparatively  small  rivers  and  crowded 
harbours  they  will  never  answer."  Even  such  scientific  engineers  as  the  late 
John  Rennie,  sen.,  and  Peter  Ewart,  a  Vice-President  of  this  Society,  both  advised 
me  to  relinquish  the  attempt  to  introduce  steamboats,  as  sure  to  prove  a  waste 
of  time  and  money  to  no  purpose.    However,  when  conviction  came  over  the 
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public  mind  that  steam  navigation  would  answer  here— but  not  until  after  more 
than  5000  tons  of  steamboats  had  been  launched  on  the  Hudson  in  1816,  did  it  so 
come — then  began  the  spread  of  steam  navigation,  since  extended  with  such 
marvellous  rapidity  and  perfection  as  to  atone  for  the  sluggish  beginning.  Since 
nations  are  indebted  to  the  genius  of  Watt  for  success  in  using  steam  power,  to 
that  of  Fulton  for  its  successful  application  to  navigation,  to  Stephenson  for 
the  like  success  on  railways,  the  meed  of  praise  due  to  each  of  their  names  should 
be  cheerfully  awarded  by  all  who  are  so  largely  benefited  by  the  result  of  tneir 
labours.  In  doing  this  we  should  bear  in  mind,  that  inventions  do  not  spring 
into  existence  perfect  from  their  birth,  like  Pallas  from  the  brain  of  Jupiter,  but 
they  come  from  the  prior  labours  of  many  brains,  and  he  is  the  true  inventor 
who  first  collects  the  essence  of  and  gives  the  stamp  of  vitality  to  those  labours. 
In  this  sense  the  invention  of  steam  navigation  will  for  ever  illustrate  the  name 
of  Robert  Fulton. 
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ON  OCEAN'  CURRENTS  ON  THE  NORTH-EAST  COAST  OF  SOUTH 

AMERICA. 

Bt  J.  A.  Mjjnr,  F.R.G.S. 

The  object  of  the  paper  was  to  present  an  account  of  the  voyage,  in  July  and 
August,  1862,  of  the  Monte  Crista  from  Cayenne,  in  Guiana,  to  Paranahiba,  in 
Brazil,  in  which  some  extraordinary  phenomena  connected  with  the  Guiana 
current  were  experienced.  The  popular  idea  is  that  this  current  always  runs  in 
a  north-west  direction,  at  a  rate  varying  from  one  to  four  knots  per  hour  ;  but  in 
this  voyage  of  the  Monte  Crista  it  was  found  that  the  current  was  entirely  re- 
versed, running  at  a  rate  of  4J  knots  per  hour — a  circumstance  which,  if  proved, 
would  upset  the  received  ideas  not  only  on  the  subject  of  this  particular  current, 
but  of  the  entire  ocean  streams.  Much  evidence  was  adduced,  and  well  authen- 
ticated, to  prove  the  phenomena  described,  and  although,  as  Mr.  Mann  stated,  he 
was  not  able  to  secure  as  satisfactory  observations  as  he  could  wish,  it  seemed 
that  there  was  no  good  reason  to  doubt  its  existence. 

Captain  Maury  (formerly  of  the  U.S.  navy,  but  now  a  well-known  Secessionist,) 
remarked  that  when  he  was  at  Bermuda,  on  his  way  to  England  from  South 
Carolina,  he  met  some  officers  of  her  Majesty's  Navy  who  had  been  on  the  North 
American  station  several  years,  and  they  told  him  that  on  the  passage  from 
Halifax  to  Bermuda,  they  found  the  Gulf  Stream  actually  running  to  the  south- 
ward and  westward,  and  that  they  observed  precisely  the  same  condition  of  the 
enrrent  on  their  return  to  Halifax.  It  showed  that  there  were  exceptional  cases,  of 
which  the  one  detailed  by  Mr.  Mann  was  an  instance  which  was  well  known  to 
all  Brazilian  navigators.  Mr.  Capello,  of  the  Meteorological  Observatory  at 
Liabon,  had  established  the  existence  of  a  well  marked  current  on  the  north  of 
the  Equator  setting  to  the  east,  and  of  an  equally  well-marked  current  just  to 
the  south  of  the  Equator  setting  to  the  west.  He  had  also  found  that  a  little  to 
the  south  of  the  De  Verd  Hands,  taking  the  form  of  an  ellipse,  there  is  a  region 
in  which  the  north-east  trade-winds  blow  with  the  greatest  force ;  and,  in  like 
manner,  he  had  found  in  the  neighbourhood  of  St.  Helena  towards  Cape  St. 
Boqne,  a  region  where  the  south-west  trade- winds  blow  with  the  greatest  force. 
If,  therefore,  there  were  so  many  exceptions  with  the  winds,  which  have  so  much 
to  do  with  currents,  we  might  well  find  exceptions  in  the  currents  themselves. 


ON  THE  QUESTION  OF  A  SURVEY  OF  THE  PHYSICAL  CON- 
DITION  OK  THE  ATLANTIC,  PRELIMINARY  TO  THE  LAYING 
DOWN  OF  ANOTHER  ELECTRIC  CABLE  CONNECTING  BDROFE 
WITH   NORTH  AMERICA. 

l!v  Du.  Q.  C.  Wu.i.ich. 
The  author  began  by  pointing  out  that  both  the  amount  and  kind  of  informa- 
tion we  now  possessed  regarding  the  deep-sea  bed  of  the  Atlantic  were  altogether 
inadequate  to  meet  the  requirements  of  oceanic  telegraphy.  Ucfin-in^  in  proof 
of  this  to  tin-  line  of  soundings  taken  by  Captain  Dayman,  in  1857,  on  board 
her  Majesty's  ship  Ci/rio/-*,  lie  observed  that  these,  though  as  perfect  as  circum- 
stances then  allowed,  furnished  data  necessarily  incomplete ;  inasmuch  as  only 
11  Bonndings  won;  taken  at  depths  exceeding  '-'"io  fathoms,  across  an  area  of  L800 
miles  of  ocean,  leaving  a  mean  interval  of  32  miles  between  each  two  soundings. 
Having  assigned  his  reasons  for  disbelieving  that  the  entire  central  basin  of  the 
Atlantic  is,  as  man)  have  -opposed,  a  vast  plateau  unbroken  by  alternations  of 
level  us  great  a-,  those  existing  on  land,  he  observed  that  in  the  intervals  between 
the  previous  measurements  of  the  depth  of  the  ocean-bed,  some  of  the  largest 
mountain  ranges  might  very  well  be  included — a  matter  obviously  most  im- 
portaat,  as  bearing  upon  the  safe  laying  of  a  telegraphic  cable.  True,  no  such 
submarine  slopes  bad  hitherto  been  detected  in  the  mid-Atlantic,  but  the  data  on 
which  it  was  assumed  thai  they  did  not  exist  there  were,  be  maintained, purely 

arbitrary.      A  sounding  of   100  fathoms   bail    been  taken  by  Lieutenant  Sainthill, 

R.N.,  within  about  32  miles  of  one  of  8000  fathoms,  taken  by  Captain  Dayman. 
|)i\  WolHch  then  enumerated  the  various  l.imU  of  observations  thai  he  thought 
essential  to  a  trustworthy  telegraphic  survey,  among  which  was  a  method  ol 
probing  the  deposits  of  the  sea-bed,  with  a  view  to  determine  their  geol 
character.  He  exhibited  an  ingenious  instrument,  designed  by  him  to  effect  this 
object,  besides  other  new  apparatus  for  raising  speeimi  from  an] 

desired  depth,  and  for  gauging  the  pressure  at  all  depths.     Pai  means 

requisite  for  carrying  oul  his  survey,  Dr.  Wallich  recommended  thai  the  Govern- 
ment should  equip  two  steamships  for  the  work;  '  .eltvol  hi 
consisting  in  the  two  vessels  sailing  in  parallel  courses,  removed  only  2  miles 
from  each  other,  and  the  soundings  being  taken  alternately  on  eaoh  line  "t  the 
itudinal  belt  thus  defined.  While,  therefore,  there  would  be  an  interval  "t 
5  miles  at  the  utmost  between  any  two  soundings  on  thi  (thai  was, 
taken  by  the  name  ship,)  there  would  be  an   interval  of  only  '-'}  mil 


those  on  alternate  lines.  Having  indicated  how  a  minuter  inspection  of  doubtful 
or  dangerous  areas  might  easily  be  effected,  he  suggested  that  Captain  Dayman's 
line  of  soundings  should  form,  as  it  were,  the  base  of  operations,  and  be  taken 
as  the  centre  of  the  2-mile  longitudinal  belt  which  he  proposed  to  have  surveyed. 
The  entire  work  might,  he  thought,  be  finished  in  five  or  six  months.  Summing 
up  the  advantages  of  his  plan,  he  remarked  that  it  would  furnish  no  less  thau 
640  reliable  observations,  extending  across  the  entire  deep  water  of  the  Atlantic, 
and  affording  a  basis  upon  which  its  old  sea-bed  might  ultimately  be  mapped  out. 
In  conclusion,  he  said  the  task  was  unquestionably  arduous!  Its  execution 
might  prove  costly  and  tedious.  But  there  it  was,  staring  us  in  the  face — -a  task 
which  we  must  either  manfully  grapple  with  and  master,  or  leave  unfulfilled  to 
our  successors  the  accomplishment  of  the  grandest  international  project  that 
human  sagacity  had  heretofore  suggested. 

Sir  R.  Murchison  reminded  the  meeting  that  Dr.  Wallich  accompanied  Sir 
Leopold  M'Clintock  in  his  North  Atlantic  explorations,  and  had  since  published 
a  valuable  work  ou  the  natural  history  part  of  the  exploration.  In  his  elaborate 
paper  he  had  thrown  some  light  on  the  nature  of  the  animals  existing  at  the 
bottom  of  the  sea,  and  on  the  varieties  of  soils,  and  even  subsoils,  that  were  to 
be  found  there  ;  for  with  the  ingenious  apparatus  which  he  had  explained,  he 
was  able  not  only  to  tap  the  soft  strata,  but  even  to  bore  into  the  solid  rock. 
The  survey  which  he  proposed  was  a  preliminary  one,  and  essential  before  any 
attempts  were  made  to  lay  down  a  telegraph  cable  across  the  Atlantic.  At  all 
events,  whether  any  adventurous  persons  chose  to  undertake  that  preliminary 
survey,  it  became  us,  as  a  great  maritime  nation,  to  ascertain  as  accurately  as 
possible  the  condition  of  the  bed  of  the  ocean  between  England  and  America, 
with  the  view  to  telegraphic  communication  being  established. 

Sir  Edward  Belcher,  R.N.,  as  the  senior  surveying  officer  present,  thought  it 
his  duty  to  answer  some  portion  of  the  paper.  Such  a  project  as  Dr.  Wallich 
proposed  would  answer  very  well  across  the  Irish  Channel ;  but  from  his  ex- 
perience in  searching  for  shoals  even  within  100  yards  of  his  own  ship,  for  six 
weeks  and  fourteen  hours  a  day,  he  knew  the  difficulty  of  finding  a  rock,  not 
much  larger  even  than  the  President's  chair.  Any  such  survey,  therefore,  would 
cost  an  immense  sum  of  money,  would  incur  more  labour  than  the  men  would 
like  and  would  be  attended  with  innumerable  difficulties,  which  would  render 
the  carrying  out  of  such  a  project  absolutely  impossible.  For  a  telegraph  cable, 
it  was  not  the  deepest  water  that  was  wanted,  but  a  line  of  bottom  which  would 
give  mud  and  avoid  mountains  :  nor  did  he  think  many  scientific  men  were  of 
opinion  that  it  was  desirable  to  carry  a  cable  straight  across  the  Atlantic.  If 
they  carried  the  line  from  the  Hebrides  or  the  Orkneys  to  the  Faroe  Islands,  and 
so  on  in  that  direction,  a  simple  mode  of  being  sure  of  what  they  were  about 
would  be  secured  :  they  would  know,  with  such  small  lines,  positively  what  bottom 
the  cable  would  lie  upon.  To  carry  a  cable  from  point  to  point  might  be  done  at 
a  small  expense,  and  in  that  way  they  could  feel  their  way  across  the  ocean. 
With  reference  to  the  apparatus  explained  by  Dr.  Wallich  for  sounding  the 
bottom  of  the  ocean,  he  might  state  that  in  the  soundings  which  he  carried  on 
in  1835  and  1836  a  very  accurate  instrument  was  used,  not  only  for  sounding,  but 
also  for  determining  the  temperature  at  different  depths  and  bringing  up  the 
water.  He  explained  the  construction  of  that  instrument,  and  stated  that  it 
was  in  use  for  a  period  of  twelve  years  without  the  slightest  derangement  of 
even  the  delicate  thermometers  that  were  attached  to  it.  Ho  thought,  before 
the  Government  was  moved  to  incur  the  cost  and  labour  of  carrying  a  line  of 
soundings  across  the  Atlantic,  the  opinions  of  scientific  men  should  be  taken  as 
to  whether  it  would  not  be  better  to  have  several  stations  for  the  cable,  instead 
of  one  long  line. 

Admiral  Elliott  doubted  whether  the  survey  proposed  by  Dr.  Wallich  would 
render  them  any  wiser  with  regard  to  the  laying  down  of  the  Atlantic  cable,  be- 
cause it  was  impossible  to  thread  their  way  across  the  ocean  in  the  way  Dr. 
Wallich  supposed,  and  avoid  mountains  and  hollows  that  might  be  found  to 
exist.      Nor  did  he  think  such   a   method   of  sounding  practicable;  and   to  keep 

the  laying  of  the  cable  in  abeyance  till  it  was  accomplished  would  be  inexpedient. 
Professor  Tyndall  said,  as  far  as  the  physical  objects  indicated  in  the  paper 
were  concerned,  he  did  not  think  they  were  of  sufficient  importance  to  justify 
any  great  outlay.  He  confessed  he  Sad  arrived  at  a  conclusion  somewhat  in 
accordance  with  that  of  8ir  Edward  Belcher  and  Admiral  Elliott,  Even  if  Dr. 
Dr.  Wallich's  survey  were  carried  out,  it  could  not,  with  live  miles  intervals,  give 

an  accurate  view  of  the  bed  of  the  ocean  ;  knowing  what  we  did  of  the  variation, 
that  occur  within  live  miles  on  the  earth's  surface,  how  easily  such  a  projl  Otion 
as  that  ot    tin    Bfatl      horn  might  be  missed. 

Captain  Selwyn,  1!.N.,  said  the  diagrams  of  soundings  taken  by  Captain 
Dayman,  K.N.,  not  having  been  thoroughly  understood,  had  given  rise  to  the 
supposition  that  there  was  a  precipice  off  the  shores  oi  [celond,  He  had  bun 
engaged,  in  company  with  an  officer  ot  the  Admiralty,  to  measure  the  exacl 
distant  the  soundings  and  the  depths,  ami  thej  ascertained  that  the 

fall  on  the  bank  in  question  was  nol  preater  than  that  of  Holborn  Hill.     No 
would  imagine  thai  a  cable  would  In-  injured  by  snob  a  descent  as  that,  nor  that 

there  were  precipices  so  abrupt  as  to  hold  the  cable  on  tin-  btretoh  beta them. 

it  was  utterly  impossible  to  find  out  whether  abrasion  would  he  caused, 
and  it  would  in-  combating  h  itb  tbeon  tical  difficulties  to  delay  laj  ing  the  cable 
until  the  exact  character  ot  the  bed  of  the  ocean  be!  md  ami  America 

had  been  thoroughly  determined.    With  respect  to  thi  .  h 1.1 

gngge  '  miles,  bj  taking  the  cable  to  tin-  flemish  Banks, 

300  miles  this  side  of  Newfoundland,  where  the  depth  varied  from  SO  to  900 
ms.    He  also  thought  that  the  proper  method  of  larvoj  would  be  to  adopt 
the  system  "t  triangulation, 

Webster  argued  thai  the  laying  "t  tie-  cable  would  ol  Itsell  enable  i 
obtain  aknc  the  bed  ol  tbo  ocean  much  mora  effectual!]  thai 

survey . 

Dr.  Wallich  brieflj  replied,  dufonding  bis  plan  from  the  objections  that 
:  it.  and  a  Idui  in    fui  thi  Ml  tie-  adoption  ol 

i.d  By  Sir  t;.  Bt  Ichor. 
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REVIEWS  AND  NOTICES  OF  NEW  BOOKS. 

The  r  ear  Booh  of  Facts  in  Science  and  Art,  fyc.  By  John  Timbs,  F.S.A. 
London :  Lockwood  and  Co.,  Stationers'  Hall  Court,  1863. 

This  Annual,  always  highly  interesting,  appears  to  us  to  possess  this  year  a 
larger  collection  of  interesting  scientific  jottings  than  any  of  its  predecessors. 
The  steel  engraving  of  Sir  Charles  Lyell,  D.C.L.,  is  a  life-like  portrait  of  the 
illustrious  Savan. 

[We  are  reluctantly  obliged  at  tlie  last  moment  to  omit  several  notices  of  books. 
Editor  of  The  Aetizan.] 


NOTICES  TO  CORRESPONDENTS. 

X.X.— The  specimen  of  pig  iron  is  of  good  quality,  but  it  is  evident  that  it 

would  be  improved  by  mixing  with  a  good  Staffordshire  brand. 
Htdeaulic  (Brazil).— Write  to  Mr.  B.  Roberts,  C.E.,  of  Adam-street,  Adelphi, 
London,  or  send  your  name  and  address  here,   and  we  will  obtain  the  in- 
formation. 
Alexis. — We  must,  under  the  circumstances,  decline  to  recommend  any  one. 
D.,  S.,  &  P.— Address  the  Secretary  of  the  Admiralty,  Whitehall,  London.    You 

are  all  too  young. 
Stjpeeheatee. — 1.  Do  not  waste  your  money  on  the  idea.    It  has  already  been 
patented  four  or  five  times.     2.  How's  Salinometer  is,  we  believe,  the  best. 
3.  It  is  Messrs.  Lamb  and  Summers  (of  Southampton)  to  which  your  third 
question  refers.    4.  Declined. 
S. — "  Swedish  piston."    We  do  not  know  of  any  locomotive  piston  known  by 
this  name.    The  buckets  or  Swedish  pumps  for  mining  and  other  purposes,  are 
made  up  of  «^  shaped  pieces  of  bark,  and  work  well.     The  wooden  pistons  of 
the  Swedish  air  blowing  cylinders  are  built  up  in  pieces ;  each  piece  lias  a 
groove  around  it,  having,  however,  no  packing ;  the  theory  of  its  action  being 
that  before  the  emerging  air  passes  from  groove  to  groove,  and  has  reached  the 
opposite  side  of  the  piston,  is  again  on  its  return  stroke,  and  the  air  is  changed 
back  again  from  grove  to  grove. 
Mr.  J.  (Canonbury).— Apply  to  Weale,  Atchley  &  Co.,  and  Spon  the  Engineer- 
ing book  sellers,  for  a  catalogue  of  books  on  railway  construction. 
R.  H.  T.  (Newcastle). — 1.  We  do  not  undertake  to  supply  such  information  as 
you  seek  in  detail,  either  in  The  Aetizan  or  by  letter.     2.  As  a  rule  it  is 
better  to  address  such  questions  to  the  author  of  a  paper  read  at  a  Society,  you 
are  then  pretty  certain  to  get  his  own  views.    3.  We  cannot  find  the  figures 
quoted  by  you  in  our  number  foi'March,  1860.    4.  The  last  edition  of  Bournes' 
works  gives  the  most  recent  formulas.    5.  Read  Mr.  Atherton's  paper  in  The 
Aexizan. 
R.  J, — In  answer  to  your  inquiry  with  reference  to  the  new  bridge  at  Blackfriars 
we  give  the  following  :tt 

The  designs  for  a  granite  bridge  were  those  submitted  by- 
Sir  John  Rennie,  of  three  arches,  the  centre  span  being...     236ft.  lOin. 
Mr.  George  Rennie,  of  five  arches,  the  centre  span  being...     150ft. 
This  design  appears  to  have  been  prepared  in  1858. 

Mr.  George  Rennie,  of  five  arches,  each  span  being  125ft. 

Mr.  R.  W.  Mylne,  of  five  arches,  the  centre  span  being  ...     156ft.  6in. 
The  designs  for  a  wrought-iron  arched  bridge  were  those  submitted  by — 
Mr.  John  Fowler,  of  three  arches,  the  centre  span  being...     275ft. 
Mr.  John  Fowler,  of  five  arches,  the  centre  span  being  ...     184ft. 
Mr.  John  Hawkshaw,  of  three  arches,  the  centre  and  other 

spans  being  200ft.  each. 

Mr.  John  Hawkshaw,  of  five  arches,  the  centre  and  other 

spans  being  145ft.  each. 

Mr.  P.  W.  Barlow,  of  three  arches,  the  centre  span  being...     250ft. 
The  design  for  a  wrought-iron  girder  bridge  was  that  submitted  by— 
Mr.  R.  P.  Brereton,  of  five  openings,  the  centre  opening 

being 220ft. 

The  designs  for  a  cast-iron  arched  bridge  were  those  submitted  by — 
Mr.  Thomas  Page,  of  three  arches,  having  a  centre  span  of  280ft. 
Mr.  Thomas  Page,  of  five  arches,  having  a  centre  span  of  156ft. 
Messrs.  George  P.  Bidder  and  Edwin  Clark,  of  five  arches, 

each  span  being 172ft. 

Mr.  George  Rennie.  of  five  arches,  having  a  centre  span  of  160ft. 
Mr.  George  Rennie,  of  five  arches,  having  a  centre  span  of  175ft. 
Mr.  George  Rennie,  of  five  arches,  having  a  centre  span  of    180ft. 

This  design  appears  to  have  been  prepared  in  1852. 
Mr.  Robert  William  Mylne,  of  five  arches,  having  a  centre 

span  of , 163ft.  6in. 

Mr.  Joseph  Cubitt,  of  five  arches,  having  a  centre  span  of    150ft. 
Mr.  James  Brunlees,  of  five  arches,  having  a  centre  span  of    172ft. 
The  remaining  design  for  an  iron  bridge  was  that  submitted  by — 
Mr.  Thomas  Greenhill,  of  seven  arches,  having  a  centre 

span  of  120ft. 

with  a  tube  for  a  railway;    and  he  mentions   it    may  be  converted  into  a 
five-arched  bridge. 


The  Flora"  Iron  Screw  Steamer.— In  the  Artizan  of  December  last,  we  gave  an 
account  of  the  trial  trip  of  this  steamer ;  and  we  are  glad  to  learn  that  her  performance 
at  sea  is  also  highly  satisfactory.  At  the  end  of  December  the  Flora  made  the  voyage 
home  from  Madeira,  under  steam,  in  heavy  weather,  hi  5i  days.  She  was  heavily  laden, 
the  screw  being  2ft.  immersed.  The  Flora  was  chased  on  the  voyage  by  the  U.S.  steamer 
Twcwora,  during  a  whole  day,  during  which  she  encountered  a  strong  N.E.  trade  wind, 
and  a  heavy  sea.  The  Tuscorora  being  under  sail  and  steam  dead  before  the  wind.  The 
Flora  succeeded  in  getting  away  from  her  pursuer  and  was  making  during  this  time  100 
revolutions  with  steam  at  171bs.  The  Flora  also,  we  understand,  recently  made  the 
passage  lrom  Madeira  to  St.  Thomas  in  4  days,  using  alternate  screws  alternate  days, 
making  7{  knots  with  either  screw. 


Manganese  in  Iron. — It  is  well  known  that  iron  reduced.from  spathic  ore,  and  other 
ores  containing  manganese,  not  unfrequently  contains  a  considerable  percentage  of  man- 
ganese. In  the  variety  of  pig-iron  called  by  the  Germans  Spiegeleisen  (mirror-iron),  the 
manganese  has  been  estimated  by  different  chemists  to  be  from  4  to  7  per  cent.  In  1860, 
Dr.  K.  List  published  an  analysis  of  a  white-iron  from  Riiblinghausen,  made  from  a  mix- 
ture of  ores  containing  from  20  to  25  per  cent,  of  oxyde  of  manganese,  in  which  he  found 
but  3'80  per  cent,  of  manganese.  As  the  ore  was  so  rich  in  manganese,  List  concluded' 
that  the  iron  obtained  from  its  reduction  must  contain  the  maximum  amount  of  man- 
ganese— that  iron  could  not  take  up  more  than  3'80  per  cent,  manganese,  and  that  the 
earlier  analyses  giving  more  than  this  must  be  incorrect.  (Polytechnisehes  Journal  civ. 
119.)  Professor  Richter,  of  Leoben,  has,  however,  reviewed  List's  results,  and  shows 
that  the  differences  in  the  manganese  content  of  iron  smelted  at  different  furnaces,  or  at 
different  times,  does  not  necessarily  depend  upon  the  quantity  of  this  substance  in  the 
ore,  but  upon  the  temperature  of  the  furnace,  and  the  relative  amount  of  coal  used  in  the 
reduction.  The  higher  the  temperature,  and  the  larger  the  proportion  of  coal  in  the 
charge,  the  greater  wflibe  the  relative  amount  of  manganese  reduced.  The  basic  or  aeid 
nature  of  the  slag  has  also  an  important  influence  on  the  amount  of  the  reduced  manga- 
nese— it  is  easily  reduced  from  a  hauie  slag,  but  with  considerable  nifficulty,  from  an  acid 
slag.  Richter  gives  analyses  of  Spiegeleisen  from  Janerburg  in  Carniola  and  There- 
sienthal in  Bohemia : — 

Jauerburg.  Theresienthal. 

Sulphur 0-073  ...  — 

Silicon      1-902  ...  2732 

Manganese         7'579  ...  22-183 

Carbon      —  ...  2'311 

The  extraordinary  amount  of  manganese  found  in  the  specimen  from  Theresienthal  so- 
influenced  the  properties  of  the  iron,  that  it  was  not  magnetic,  and  had  not  the  power  to 
throw  down  copper  from  a  solution  of  chloride  of  copper;  it  simply  reduced  it  to  sub- 
chloride.  Richter  further  remarks  that  the  same  mass  of  iron  may  contain  more  manga- 
nese in  one  part  than  another;  this  is  due  to  the  tendency  manganese  has  to  separate 
from  the  fused  mass,  and  the  upper  portion  of  a  "  pig  "  may  thus  contain  more  manganese 
than  the  lower  portion. 

Croll's  Treatment  op  Ammoniacal  Liquor  ov  Gas  Works. — Mr.  A.  Croll,  of 
Coleman-street,  proposes  to  avoid  the  inconvenience  and  annoyance  arising  from  the 
treatment  of  ammoniacal  liquor  of  gas-works  in  the  following  manner  : — Steam  from  a 
suitable  boiler  is  conveyed  into  ammoniacal  liquor  contained  in  a  suitable  closed  chamber, 
and  the  combined  vapour  and  steam  resulting  are  conveyed  from  the  upper  part  of  this 
chamber  into  other  ammoniacal  liquor  contained  in  another  closed  chamber  placed  some- 
what higher  than  the  preeeeding,  in  order  that  as  the  ammoniacal  liquor  in  the  previous 
chamber  becomes  spent  it  may  be  supplied  from  the  second,  and  if  desired  other  number 
of  such  ammoniacal  chambers  may  be  employed.  From  the  last  ammoniacal  chamber 
the  vapour  resulting,  combined  with  particles  of  steam,  is  conveyed  into  a  closed  com- 
partment or  chamber  of  a  vessel  containing  acid  adapted  to  the  salt  of  ammonia  desired 
to  be  obtained.  Thus,  supposing  the  salt  desired  is  sidphate  of  ammonia,  then  the  last 
chamber  will  contain  sulphuric  acid,  and  it  is  at  its  upper  part  divided  into  two  compart- 
ments, one  open  at  the  top,  the  other  closed  by  a  cover,  and  a  partition  dipping  below 
the  surface  of  the  acid  liquid  therein  and  below  the  mouth  of  the  pipe  conveying  the 
vapour  and  steam  thereto  from  the  last  ammoniacal  chamber.  Any  vapour  arising  from 
the  closed  compartment  of  tins  vessel  is  conveyed  into  similar  acid  in  another  closed 
chamber  used  as  a  reservoir.  From  the  upper  part  of  this  last  closed  chamber  the  sul- 
phuretted hydrogen  liberated  is  conveyed  to  the  furnace  supplying  a  vitri  A  chamber.  By 
these  means  economy  and  the  avoidance  or  great  mitigation  of  the  inconvenience  and 
annoyance  arising  from  the  treatment  of  the  ammoniacal  liquor  of  gas-works  is  secured . 


RECENT    LEGAL    DECISIONS 
AFFECTING  THE  ARTS,  MANUFACTURES,  INVENTIONS,  &c. 


Under  this  heading  we  propose  giving  a  succinct  summary  of  such  decisions  and  other 
proceedings  of  the  Courts  of  Law,  during  the  preceding  month,  as  may  have  a  distinct 
and  practical  bearing  on  the  various  departments  treated  of  in  our  Journal :  selecting 
those  cases  only  which  offer  some  point  either  of  novelty,  or  of  useful  application  to  the- 
manufacturer,  the  inventor,  or  the  usually — in  the  intelligence  of  law  matters,  at  least 
— less  experienced  artizan.  With  this  object  in  view,  we  shall  endeavour,  as  much  as 
possible,  to  divest  our  remarks  of  all  legal  technicalities,  and  to  present  the  substance 
of  those  decisions  to  our  readers  in  a  plain,  familiar,  and  intelligible  shape. 

Spencer  v.  Jack. — His  Honour  said  that  in  this  case  a  motion  for  a  new  trial 
of  certain  issues,  directed  by  the  Court,  which  resulted  in  favour  of  the  plaintiff,  had 
been  made,  and  he  considered  the  matter  ot  so  much  importance  that  he  had  taken  time 
to  look  through  the  voluminous  evidence  which  had  been  adduced  on  both  sides.  The 
case  was  tried  before  the  Lord  Chief  Justice  of  the  Court  of  Common  Pleas  and  a  special 
jury,  some  time  since,  at  Guildhall.  The  trial  occupied  three  days,  and  the  main  question 
'involved  was  whether  a  patent  obtained  by  the  plaintiff  in  the  year  1860  for  alleged  "  im- 
provements in  steam  engines,  for  propelling  steam  ships  and  other  vessels,"  was  a  novelty 
and  the  proper  subject  of  a  patent.  His  Honour  said  he  was  sorry  to  say  that  he  did  not 
consider  the  result  of  the  last  trial  satisfactory  to  his  own  mind,  and  if  the  motion  was 
pressed,  he  should  feel  bound  to  direct  a  new  trial.    A  new  trial  was  ultimately  ordered. 

Hyde  v.  Palmer. — This  was  an  action  tried  in  the  Court  of  Queen's  Bench  on  the 
9th  ult.,  and  was  on  a  patent  obtained  by  one  Bersham  in  1849  for  improvements  in 
separating  the  fibre  from  cocoa-nut  husks.  The  plaintiff  had  become  assignee  of  the 
patent,  and  sued  the  defendant  for  the  breach  of  it.  At  the  trial  before  Mr.  Justice 
Blackburn  the  novelty  of  the  alleged  invention  was  disputed  on  the  grounds,  first,  that 
there  had  been  previous  patents  by  Logan  and  also  by  Berry.  The  jury  at  the  trial  found 
a  verdict  for  the  plaintiff.  Mr.  Hindmarsh,  Q.C.,  subsequently  obtained  a  rule  for  a  new 
trial  on  the  ground  of  misdirection  by  the  learned  judge.  Mr.  Grove,  Q.C.,  and  Mr. 
Aston  now  appeared  to  show  cause  against  the  rule ;  and  Mr.  Hindmarsh,  Q.C.,  and  Mr. 
Raschei  to  support  it.    The  Court  made  the  rule  absolute  for  a  new  trial. 

Clare  v.  the  QnEEN. — This  was  "  a  petition  of  right,"  the  first  tried  under  Bovill's 
Act.  It  was  an  action  brought  by  Mr.  J.  Clare,  jun.,  formerly  a  produce  broker  in  Liver- 
pool, and  the  patentee  of  certain  "improvements  in  the  construction  of  iron  houses, 
vessels,  &c."  The  patent  was  dated  the  5th  September,  1853.  The  action  was  tried  in  the 
Queen's  Bench,  before  Lord  Chief  Justice  Cockburn,  and  a  mixed  special  and  common 
jury.  The  action  was  brought  for  the  infringement  of  Clare's  patent  by  the.  Admiralty  in 
the  construction  of  the  Warrior,  and  some  other  iron  vessels.  The  part  of  the  plaintiff's 
invention,  which  he  in  particular  complained  had  been  infringed,  was  the  use  or  employ- 
ment of  an  independent  framing,  or  structural  arrangement  of  materials,  in  which  vertical 
and  longitudinal  framing  pieces  were  combined  so  as  to  form  a  stable  structure,  to  which 
the  plating  was  afterwards  attached.  The  plaintiff  now  claimed  to  be  compensated  for 
the  use  of  his  plans,  and  so  much  of  Iris  invention  as  had  been  used  by  the  Admiralty . 
The  Admiralty  resisted  the  claim,  alleging  that  they  had  not  infringed  his  patent,  that 
the  invention  was  not  new,  and  that  the  patent  was  void.  The  case  occupied  the  court 
five  days,  and  notwithstanding  the  admirable  manner  in  which  the  plaintiff 's  counsel 
conducted  the  case,  the  jury  returned  a  verdict  for  the  Crown,  under  the  direction  of  the 
L  3rd  Chief  Justice. 
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OUR  "NOTES  AND  NOVELTIES"  DEPARTMENT— A  SUGGESTION  TO  OUR 
READERS. 

We  have  received  many  letters  from  correspondents,  both  at  home  and  abroad,  thanking 
us  for  that  portion  of  this  Journal  in  which,  under  the  title  of  "Notes  and  Novelties," 
we  present  our  readers  with  an  epitome  of  such  of  the  "  events  of  the  month  preceding" 
as  may  in  some  way  affect  their  interests,  so  far  as  their  interests  are  connected  with 
any  of  the  subjects  upon  which  this  Journal  treats.  This  epitome,  in  its  preparation, 
necessitates  the  expenditure  of  much  time  and  labour;  and  as  we  desire  to  make  it  as 
perfect  as  possible,  more  especially  with  a  view  of  benefiting  those  of  our  engineering 
■brethren  who  reside  abroad,  we  venture  to  make  a  suggestion  to  our  subscribers,  from 
which,  if  acted  upon,  we  shall  derive  considerable  assistance.  It  is  to  the  etreet  that  we 
shall  be  happy  to  receive  local  news  of  interest  from  all  who  have  the  leisure  to  collect 
and  forward  it  to  us.  Those  who  cannot  afford  the  time  to  do  this  would  greatly  assist 
our  efforts  by  sending  us  local  newspapers  containing  articles  on,  or  notices  of,  any  facts 
connected  with  Railways,  Telegraphs,  Harbours,  Docks,  Canals,  Bridges,  Military 
Engineering,  Marine  Engineering,  Shipbuilding,  Boilers,  Furnaces,  Smoke  Prevention, 
Chemistry  as  applied  to  the  Industrial  Arts  Gas  and  Water  Works,  Mining,  Metal- 
lurgy, Ac.  To  save  time,  all  communications  for  this  department  should  be  addressed 
"19,  Salisbury-street,  Adelphi,  London,  W.C."  and  be  forwarded,  at  early  in  the  month 
at  possible,  to  the  Editor. 

MISCELLANEOUS. 
Bbowxixg  Inojr  and  Stew,  Objects. — Gun  barrels  and  other  objects  in  iron  and 
steel  are  browned,  either  to  improve  their  appearance,  or  to  preserve  them  from  rust,  by 
giving  them  at  first  a  thin  but  entire  coating  of  oxide  of  iron.  The  fallowing  process  is 
successfully  employed  in  Prussia  for  browning  steel  barrels: — Dissolve  two  parts  of  crys- 
tallized ferric  chloride,  two  parts  of  bntter  of  antimony,  and  one  part  of  gallic  acid,  in  the 
smallest  possible  quantity  of  water  (about  four  or  five  parts) ;  with  this  moisten  a  sponge 
or  cloth,  and  rub  theobject  to  be  browned.  Leave  it  to  dry  in  the  air,  and  repeat  the 
operation  several  times.  Then  wash  with  water,  dry,  and  rub  with  boiled  linseed  oil. 
Objects  browned  in  this  way  have  a  very  agreeable  dead  grey  appearance,  and  the  shade 
deepens  according  to  the  number  of  times  the  operation  is  repeated.  It  i;  essential  to 
the  success  of  the  operation,  that  a  solid  butter  of  antimony  be  used, — that  is  to  say,  a 
chloride  of  antimony  containing  as  little  free  hydrochloric  acid  as  possible. 

Dockyard  Expexditcre. — A  blue  book  has  been  issued  containing  balance  sheets 
showing  the  cost  of  manufacturing  articles  in  the  workshops  of  the  several  dockyards  and 
steam  factories  for  the  year  1860-61.  The  dockyards  and  steam  factories  from  which  ac- 
counts are  presented  are  Deptford,  Woolwich,  Chatham,  Sheerness,  Portsmouth,  Devon- 
port,  and  Pembroke.  Taking  the  first  table,  under  the  head  of  mast  houses,  it  will  bo  found 
that  in  the  year  1860-61,  the  total  debit  for  these  was  £110,012  15».  9J  I.  The  highest  was 
Portsmouth,  £44,051  8».  id. ;  the  lowest  Deptford,  £178  7  .  3d.  Devonport  figures  for 
£20,111  10».  ffjd.  In  boathouses  the  expenditure  is  not  very  large,  commencing  with 
62238  St.  8d  at  Woolwich,  and  ranging  to  £7172  le.  3d.  at  Portsmouth,  Devonport  coming 
in  for  S88S1  19».  .V.     In  capital  tham  stands  for  the  highest,  C:!7s2  16 

Devonport  cotnee next  with  £3084  iSt.  "'.-.  Pembroke  is  the  lowest,  E521  7  .  5d,  In 
joiners'  shop-  D  wonport  stands  lir^t,  E3876  it.  7\d.;  Deptford  is  the  lowest,  £897  if.  64 
From  two  of  th.-  dockyards,  Deptford  and  Pembroke,  no  separate  accounts  were  received 
from  the  plumbers'  shops,  and  in  none  of  the  establishments  from  which  these  were  sent 
was  the  amount  large.  At  Chatham  it  was  £3976  IS*.  li;.'.;  at  Portsmouth,  £53  8  :  i 
The  total  debit  for  wheelwrights'  shops  in  all  the  dockyard*  was  £1827  B».  ICid 

io./,  in  their  millwrights' shops;  three,  Deptford,  Wool- 
wich, anil  Pembroke,  send  no  return.  TWs  i-  Hie  -.nee  in  the  roperies'  department ;  but 
In  Chatham,  Portsmouth,  and  Devonport,  £371,671  5*.  0\d.  was  expended  under 

this  In  i  the' joiners,  here  also  Devonpo  ;     ofo*., 

Chat!.:  ir about  627,000 Ices;  Portsmouth,  858,648  18*.  VOdi  Sheerness  about 

in    An  extensive  business  has  been  done  in  sail  lofts:  Portsmouth 
£17,260 18*.  9rf. ;  Devonport  about   £1100  less;  Pembroke  the  lowest,  £66  1  '.<.  id.    For 
colour  lofts  the  total  debit  was   £3290  lit.  7\ '.    Devonport  was  the  highest;  Shi 
tin- 1..  first  in  the  rigging  house  d  Woolwich  t; 

the  figures  varying  from  610,822  I9j ..,./.  to   £16,181  •",».  lOtf,     In  the  had,  paint,  metal. 
and  cement  mills,  the  items  are  unimportant.    Coming,  then,  to  blacksm 
will  be  found  that  there  are  returns  from  onlj  Portsmouth  and   Devoni  irt;  the  former 

■>  in ...  I  I.,  the  latter  £736  |2».ll    I.   'I  hei    pendll 
Pemb  »  highest;  Deptford  the  lowest  :  whilst  From  Portsmouth  no  account  was 

red.    Oarmal  now  a  total  ol  £6248  9i  Old.:  tram  Deptford,  Woolwich, 

ind  Pembroke,  no  returns  were  tent.      For  oanlkers  and  pitch  heat 

£11,379    1L'».    I/.;    Portsmouth,    £5989    Is.    0d.\    Devonport,  B2647, 
-  over  the  turners'  eh  do  not    how  tor  much,  n 

ilths',    tinmen's    and    braziers'    shops;     thi  > 

i>.      The  charge    for    fonndrli  ■;■.    what   might   ha-. 

i.;    from  Deptford,   Woo  ne    .  and   Port  month,  there  ire  no 

retur  mtingln  the  ,   £5,170  8f,  71<i,     The  onrj 

month,  where   £16,881, 18t.  fw   wa    expended;  hi  the  only 

Samp  u-d  from  which  a 

Devonport,  where  the  expendite 
m,  no  less  than  £211,606  18».  6J<f.  being  pal  down  for  them. 
Of  tb  it  Pm  '  th  and    onth 

e;  £27,000  at  Woolwich;  £18,O0Oat  Shi 
Dept  lo   itcam-hammi  t    hops,    P 

Irf.;  Devonport, £11,089 12t.7d.;  Dcptfon  month, 

led  hi  the  Iron-fonndrle  .  and  al  Ki  rham   1 1 ;  I  i  ' 
found  eioih,    £46,628   12k.  7./. ;    Keynam,    £13,474   I-'-.    I '.    Copper-smiths' 

!"'■  Keyhnm.  £4284  I7».     Knginc  Hmttherie 
month,   L".s,.i  i  ,,.  t/.    Keyhom,   £5668  ln».  3d.    BoHer  smith 
lOd.;  Portsmonth    l  >1  Id.     The  total   expenditure  In  the  dockyards  for  tl 

i860  ;         ■  .      .  in  addition  to  this,  ander  the  m  the 

stean  I//. 

ami  required  to  mi  el  the  i  ■ 
which  may  be  Incurred  in  the  naval  department   In  thi 

■ 
whilst  for  thi  ■  .     and    for   tl 

(conveyance  of  troops),  the  amount  I   i    the  current 

6188,650  t'-.r  the  pnsl  year,  thus   bowing  a  net  decrease  of  £1,05? 

Niw  bow  intra  Steak,    Mr.  J,  I..  I  .hit a  gentleman  fi 

ha*  i  i  Paris  tor  the  piirj.. t  rnbmlttlng  to  the  French  Uovornr 

trod  ol  generating  steam.    Instead  of  the  ordinary  reel  hi                 ileum  oil;  or, 
should  that  he  wonting,  ordinary  coal  oil;  and,  as  ihe  maehin.-ry  whit  h  I mplo; 


be  easily  applied  to  the  steam  engines  in  general  use,  he  claims  the  merit  of  effecting 
a  very  considerable  saving.  It  is  reported  that  this  plan  has  been  examined  by  a  Govern- 
ment Committee  in  Paris. 

A  New  Petroleoi  Tbadixg  Compact  is  announced,  with  a  capital  of  £100,000,  in 
shares  of  £10  each.  The  object  is  to  import  petroleum  from  the  natural  wells  in 
America,  in  iron  tank  vessels  specially  constructed,  which  vessels  will  class  Al  for  17 
years.  By  this  proceeding  a  large  per  eentage  will  be  saved  in  freights.  The  demand 
for  petroleum  is  yearly  increasing  lor  lighting  purposes,  and  it  is  a  cheap  and  efficient 
agent  for  the  rapid  generation  of  steam. 

Voltaic  Baiteries  eor  Steamers. — The  Emperor  of  the  French  is  superintending 
the  construction  of  one  of  three  batteries,  intended  to  replace  fuel.  In  this  country  it 
has  been  proposed  to  our  Admiralty  to  make  a  trial  of  a  voltaic  battery  of  2000  double 
plates,  each  containing  30  square  inches,  the  whole  surface  being  128,000  square  inches. 
Charcoal  points,  connected  with  the  two  poles,  are  ignited  to  whiteness,  on  withdrawing 
the  points  from  each  other,  an  arch  of  light,  4iu.  in  length,  is  produced  between  them. 
When  any  substance  is  introduced  into  this  arch,  it  instantly  ignites.  Platinum  melts  as 
readily  as  wax  in  a  common  candle.    Quartz,  the  sapphire,  &c.,  with  equal  facility. 

Baeometer  for  Measuring  Atmospheric  Distvebaxces. — At  the  last  meeting  of 
the  Manchester  Literary  and  Philosophical  Society,  Dr.  Joule  described  a  barometer  for 
measuring  small  atmospheric  disturbances.  It  consists  of  a  large  carboy  connected  by  a 
glass  tube  with  a  miniature  gasometer  formed  by  inverting  a  small  platinum  crucible 
over  a  small  vessel  of  water.  The  crucible  is  "attached  to  the  short  end  of  a  finely 
suspended  lever  multiplying  its  motion  six  times.  When  the  apparatus  was  raised  two 
feet  the  index  moved  through  one  inch ;  hence  he  was  able  in  the  serene  weather  to 
observe  the  effect  corresponding  to  the  elevation  of  less  than  one  inch.  The  barometer  is 
placed  in  a  building,  the  slated  roof  of  which  affords,  without  perceptible  draught,  free 
communication  with  the  external  atmosphere.  In  this  situation  it  was  found  that  the 
slightest  wind  caused  the  index  to  oscillate,  a  gale  occasioning  oscillations  of  two  inches, 
an  increase  of  pressure  being  generally  observed  when  the  gusts  took  place. 

Snii-EUiLDixc.  ox  the  Clyde. — The  number  of  iron  ships  built  on  the  Clyde,  during 
the  last  seven  years,  has  been  as  follow : — 

Year.  Ships  Tonnage.  Bulling  at  close 

finished.  of  year. 

1856         102         58530         62 

1857         98         57416         56 

185S         00         40'922         34 

1S59         73         35-705         52 

1860         88         47-833         46 

1861         88         6G-S01         62 

1862        122         69969         86 

Private  Bills. — The  Speaker  laid  upon  the  table  of  the  House  of  Commons,  on  the 

the  20th  ult.,  a  report  from  the  Examiners  of  Petitions  for  Private  Bills,  that  in  res 
of  the  bills  comprised  in  the  list  reported  by  the  Chairman  of  Ways  and  Means  as  in- 
tended to  originate  in  the  House  of  Lords,  they  have  certified  that  the  Standing  Orders 
have  been  complied  with  in  the  following  eases  : — Albert  Bridge:  Anglesey  Central  Bail- 
way  ;  Banff,  Macduff,  and  Turriff  Extension  Railway;  Banff;  Portsoy,  and  Stratbisla  Kail- 
way;  Barnes,  Hammersmith  and  Kensington  Railway;  Bishops  Waltham  Railway; 
Blackburn,  Chorlcy,  and  Wigan  Railway;  Buckley  Railway;  Carmarthen  and  Cardigan 
Railway  (No.  1) ;  Carmarthen  and  Cardigan  Railway  (No.  2) ;  Carnarvonshire  BaUwirj  i 
Cork  and  Kinsale  Junction  Railway  ;  Cowes  ami  Newport  Railway  ;  Dare  Valley  Railway  ; 
Dublin  Metropolitan  Railway;  Duias  Valley  Mineral  Railway;  Dtmdalk,  Carungford,  and 
(irecnorc  Railway ;  Bast  Gloucestershire  Railway;  East  London  and  Itotherhithe  Rail- 
way; Edinburgh  Water ;  I  1'iilway  }  l'oehahcr-  and  Barmonth  Bail  way;  1'ul- 
ham  Bridge  :  Grand  Surrey  and  Commercial  Doeks  Railways;  Great  I'a^tern  Railway 
(New  Metropolitan  Station  and  Branches);  (Ircat  Eastern  Railway  (Steam-b 

v  Water;  Greenock  and  Wemyss  Bay  Railway;  Hammersmith  and  City  Railway; 
Hoylake  Railway;  Ilfracombe   Railway;   Irish  .North- Western    Railway;    Isle  of    Wight 

Railways  (Extensions) ;  Lands  Improvement  Company;  Launccston  and  Sooth  D 
Railway;   Law  Life  Assuranci   Society;   London,  Chatham,  and   Dover  Railway  (No.  1)  J 
London  (City)  Traffic  Regulation;    London  Railway  (Victoria  Seotion) ;   Londonderry 
Railway  (Scuham  to  Sunderland)  ;  Lowest  oil  Water,  Gas,  and  Market  ;  Merthvr.  Tredegar, 
and  Abergavenny  Railway;  Metropolitan  Bridges;  Metropolitan  Railwaj  ;  Metropolitan, 
Tottenham,  and  Hamp  tead  Railway;  Newn  andGreenore  Railway,  I'icr.aml  Wei  i' 
North  British  Railwaj  (Steam-boots);  North  London  Railway;  Northumberland  Central 
Railway;  Okebampton  and    Lidl'ord  .luntiou  Railway;  Pontypridd  Water;   I'utii. 
Pulhnni   New    Bridge  and    I'ier;  BtngWOOd,  Chrisiehureh,  and    Ronrneinoiith    Railway; 
Ri].lev     Hospital ;  Rothi  fhithe  Railwaj ;  st.  [vee  and  Wes(  Cornwall  Junction  ;  Bidmonth 
and  Budleign-Salterton  Railway;  Solicitors' and  General   Life  Assurance  Bociet)  :  s,.ntli 
London  and  Greenwich  and  Woolwich  Railway;  South  London  Market:  s 
Railway  and  I'ier,  and  Lie  of  \\  itrlit   Perry  Companies;  Bum 
Tottenham  and  Hani),  tead  Junction  Railway;  Oxbridge  and  Kickmansworth  Railway: 

Van   in.- band  Company;  Victoria  station  and  Pimlico   Railwi  d  and 

Bickmansworth   Railway;  Wesi  Cork  Railways;  West  London  Docks  and  Waroh 
West  London   Extension  Railway)  Wicklow Copper  and  Hibernian  Mines  i 
Yarmouth   i..         I  aiding  orders  have  not  been  complied  with   iii  th 

eases,  viz. :— Cardiff,  Caerphilly,  and  Aver  Valley  Railway ;  Cardiff  and  UaerphUlj 
way;  Cardifl  Ccn  -  Come  Velley  and    Halstcod   Hollwsi     I  n  and 

Pomeroj  Railway ;  Corrts,  Machynlleth,  and  BlverDoveyTramrond;  tta 

.  Ralham,  and  Clt)  .iniietmn  Railway  ;  Riiinn.v  and  Brecon  and  Merthyr  I 
.linen  een  Junction  Railway;  South  Mai 

i  _  Wexford  and  Ennlsoorthy  Railway. 

Tbiai.  oi  the  -jist   nit.,  a  nnmbi  ■-  and 

.  i..r  the  purpose  of  wltnt 
made  with  a  n.-v.   |  manufactured  by  the  Arm  ••<   Mi  v       ig  and 

Porter,  of  Rochester,  the  patentees,    Thoen  for  the  trial  was  om 

which  ar.  now  hcni^  manufactured  for  the  \  udanamntsna  Coppi  r  and  Mine     I 

Sbortlj  alter  i  o 'el...  I.  iii.-  engine  started  tr..oi  the  factor;   nl  Str I  with 

I..  .1,  each  laden  with  baulk    •■!  timber,  Ihe  total  wrlgl 
With  this  I. .a. I  the  engii 

od,  turning  tne  sharp  anirle  nl  the  tumplkc  and  ancendlng  » 
long  Incline  of  abonl  i  In  I-.  for  apwi  i  af  Hvo  miles  an  hour. 

n  turned  towards  a  lull  s 
in  the  neighbourhood    and,  nol 

With  the  train  of  waggon    al  li. 

the  engine  and  ire..  lbs  longlnel!  hed  Ihe  turnpike  > 

Wl  Ik-ht,    «lth     lie 

t.«  upward  Warn  the  engine  s 

difficulty.  It  round  and  tl 

and  writ  th. 

wi  Ighl .     It  la  the  Inti  ntl 
■  rtbe  purpose  of  transporting  the  copper  fron 

i. 
is  now  £10  per  ton,  b 
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Notes  and  Novelties. 


|~The  Aetizaw, 
I   March  1,1869. 


Semaphores. — M.  Felix  Julien  publishes  an  article  on  the  semaphores  now  established 
or  in  course  of  construction  along  the  coasts  of  France.  Their  number  is  upwards  of  150 ; 
each  consists  of  a  small  white  house  roofed  with  red  tiles,  and  surmounted  by  a  tower. 
From  this  there  rises  a  vertical  mast,  10  metres  in  height,  provided  with  three  moveable 
fan-shaped  wings,  by  means  of  which  signals  are  made  to  ships  passing  even  at  a  distance 
of  six  miles.  The  ship  replies  by  its  flags,  and  thus  news  may  be  instantly  transmitted 
from  the  vessel  to  any  part  of  the  country,  thanks  to  the  telegraphic  wire  with  which 
each  semaphore  is  now  provided.  The  semaphore  is  essentially  an  instrument  of  attack 
or  defence  in  times  of  war;  but  even  during  peace  time  it  may  perform  valuable  service, 
if  as  M.  Julien  justly  suggests,  its  communications  of  the  state  of  the  weather  be  received 
at  a  central  office,  established  at  Paris,  and  thence  made  to  radiate  to  all  the  points  of  the 
French  coast — a  plan  perfectly  in  accordance  with  that  now  conducted  iu  England  by 
Admiral  Fitzroy.  The  signals  used  by  French  vessels  for  great  distances  consist  of  the 
three  primitive  figures  of  geometry,  viz.,  a  square  or  ordinary  flag;  a  triangle  or  flame ; 
and  a  circle,  or  ball.  The  combination  of  these  three  signals  taken  two  by  two,  gives  the 
first  ten  figures  of  our  numeral  system ;  which  may  be  combined  so  as  to  express  any 
number  between  1  and  10,000.  This  is,  indeed,  the  number  of  articles  contained  in  the 
French  code  of  signals  for  the  mercantile  navy.  The  semaphore  replies  to  these  signals 
by  its  three  wings,  each  of  which  can  assume  six  different  positions.  Each  of  these 
positions  represents  one  of  the  first  six  numbers.  The  first  wing  represents  the  units, 
the  second  the  tens,  and  the  third  the  hundreds.  But  to  render  the  system  more  simple, 
the  semaphore  first  telegraphs  the  page  of  the  signal-book,  and  then  the  line  of  the 
page  separately. 

r-  The  Pneumatic  Dispatch.— The  Postmaster  General  and  the  Secretary  to  the  Post 
Office,  have  officially  inspected  the  working  arrangements  of  the  branch  tube  from  the 
Euston  Station  to  the  North- Western  Post  Office  iu  Eversholt-street,  previous  to  the 
transmission  of  the  mails  between  these  two  places ;  the  Post  Office  authorities  having 
conceded  this  privilege  to  the  Pneumatic  Dispatch  Company.  After  the  working  arrange 
ments  had  been  fully  explained,  trains  of  cars  were  rapidly  propelled  backwards  and 
forwards  through  the  tubes,  the  cars  containing  heavyweights;  being  principally  loaded 
with  stout  planks, 'and  on  the  signal  being  given  by  Wheatstone's  telegraph,  they  were 
despatched  to  the  other  end  of  the  tube  with  a  pressure  of  about  4  ounces,  in  a  few 
seconds  over  a  minute ;  the  average  up  the  incline  being  about  1  minute  12  seconds, 
returning  by  vacuum  in  1  minute  5  seconds.  The  mail  bags,  upwards  of  120  per  day,  will 
be  blown  through  the  tube  in  55  seconds,  to  the  Post  Office,  Eversholt-street ;  the  usual 
time  occupied  by  the  mail  carts  being  at  present  about  10  minutes.  The  next  step  of  the 
company  will  be  to  lay  tubes  connecting  the  markets  of  London  with  the  Camden  Goods 
Station,  with  a  tube  to  the  General  Post  Office,  and  Pickford's  depot  in  Gresham  Street. 

Tkial  of  New  Iron  Sheers.— On  the  11th  ult.  a  number  of  gentlemen  assembled  in 
the  Southampton  Docks,  for  the  purpose  of  witnessing  the  tests  applied  to  the  monster 
iron  sheers  just  erected  for  the  company,  under  contract,  by  Messrs.  Day  and  Co.,  of  the 
Northam  Ironworks.  They  are  of  the  following  dimensions : — Length  of  the  front  legs, 
110ft.;  length  of  the  back  leg,  140ft.  ;'power  of  the  engine  to  work  them,  20  horse-power ; 
proof  strain  to  be  100  tons,  vertical  lift,  and  80  tons  with  an  overhang  of  35ft.  from  the 
dock  wall.  The  enormous  bundles  of  rail  iron,  forming  the  testing  weights  of  100  tons, 
were  raised  from  the  railway  trucks,  which  run  under  the  sheers,  and  deposited  on  the 
quay;  after  which  80  tons  were  lifted  and  run  out  35ft.  from  the  dock  wall,  and  brought 
back  again  in  a  remarkably  quick  and  satisfactory  manner.  This  is  effected  by  an  im- 
provement introduced  by  Mr.  Thomas  Summers,  of  the  above  named  works,  in  the  con- 
struction of  sheer  legs,  which  renders  them  simpler  and  more  easy  to  work  than  those 
on  the  ordinary  plan.  In  the  new  sheers  the  back  leg  is  made  to  act  both  as  a  prop  and 
a  guy  to  the  front  legs,  and  its  bottom  end  slides  in  an  iron  groove  strongly  bolted  to 
its  foundation.  The  movement  of  the  back  leg  along  this  groove  is  affected  by  a  power- 
ful wrought-iron  screw,  43ft.  long  and  8in.  diameter,  and  worked  by  the  same  engine  as 
is  used  to  work  the  hoisting  gear.  The  length  of  the  groove  is  48ft.,  and  the  sheers  are 
run  either  in  or  out  in  about  four  minutes.  The  rate  'of  hoisting  for  weights  up  to  20 
tons,  is  about  12ft  per  minute,  and  for  heavier  weights  a  more  powerful  purchase  is  used, 
giving  a  rate  of  from  4ft.  to  6ft.  per  minute. 

NAVAL  ENGINEERING. 

Trial  of  the  Lyrian,  Screw  Gunvessel. — The  Lyrian,  commenced  her  official  trials 
of  speed  at  the  measured  mile  in  Stokes  Bay,  on  the  27th  January  last,  and  completed 
them  on  the  following  day.  The  Lyrian  is  one  of  the  new  description  of  gunvessels,  of  an 
intermediate  size,  between  the  small  Haslar  class  and  the  despatch  boat.  She  is  fitted 
with  engines  of  60  horse-power,  nominal,  by  Messrs.  Maudslay,  on  the  high-pressure 
principle ;  but  since  her  completion,  a  condenser  has  been  added  by  the  A  dmiralty 
Department.  She  has  a  Griffiths  screw  of  8ft.  pitch,  and  8ft.  diameter,  working  with  a 
draught  of  water  in  the  ship's  hull  of  8ft.  aft.  and  7ft.  6hi.  forward.  On  the  first  day 
the  trials  were  at  high  pressure.  The  wind  was  at  aforce  of  about  4,  and  in  a  W.N.W. 
direction.  Six  runs  were  made  with  the  following  results :— 1st,  6371  knots ;  2nd,  10'055 
knots;  3rd,  6'509  ;knots;  4th,  10-198  knots;  5th,  6  070  knots;  6th,  9'863  knots:  thus 
giving  a  mean  speed  of  8-214  knots;  the  average  pressure  of  steam  was  601b.;  and  the 
average  number  of  revolutions,  165.  On  the  second  day  the  low-pressure  trials  were 
made  at  the  measured  mile.  The  weather  was  unusually  favourable  for  the  time  of  year, 
The  first  trials  were  made  with  six  runs  at  full  power,  as  follows :— 1st,  7-438  knots ;  2nd. 
8  695  knots;  3rd,  7'531  knots;  4th,  8-780  knots;  5th,  7-438 1  knots;  and  6th,  8'845  knots ; 
giving  a  mean  speed  of  8-120  knots;  average  pressure  of  steam  381b.;  revolutions  of 
engines  152.  One  boiler  out  of  the  two  with  which  the  ship  is  fitted  was  next  cut  off,  and 
six  runs  made  with  one  boiler,  yielding  results  as  follows :— The  1st,  5'825  knots ;  2nd 
7-114  knots ;  3rd,  5'598  knots ;  4th,  6'593  knots ;  5th,  5'891  knots ;  and  the  6th,  5  '479  knots , 
giving  a  mean  speed  of  6.192  knots;  the  average  pressure  of  steam,  371b.,  and  the  average 
number  of  revolutions,  121.  In  testing  the  mechanical  working  of  the  engines,  they  were 
stopped  dead  from  the  time  of  giving  the  signal  in  9  seconds ;  they  were  started  ahead  in 
8  seconds,  and  turned  astern  in  3  seconds.  The  trial  of  the  Lyrian  was  considered  most 
favourable.  The  chief  novelty  connected  with  the  engines  of  the  Lyrian,  consists  in  her 
being  fitted  with  two  short  boilers,  with  return  tubes,  taking  up  less  space  than  the 
ordinary  mode  of  gunvessel  fitting,  steam  being  got  up  in  less  time,  and  also  kept  up  with 
greater  ease  to  the  maximum  point. 

The  "  Emerald,"  screw  frigate  of  34  guns,  2913  tons,  and  600-horse  power,  Captain 
Arthur  Cumming,  commenced  her  series  of  experimental  speed  trials  with  various  forms 
of  screw  propellers,  at  Portsmouth,  on  the  19th  ult.  The  trials  will  he  conducted  by 
Captain  H.  Broadhead,  commanding  her  Majesty's  ship  Asia  and  the  reserve  at  the  port, 
and  his  staff  will  consist  of  Mr.  Ward,  Assistant  Engineer  of  the  dockyard,  and  Mr. 
Murdoch,  the  Inspector  of  Machinery  of  the  Steam  Reserve.  The  following  were  the 
results  oi  the  trial :— No.  1  trial.— Screw,  common  Admiralty  pattern,  with  a  diameter  of 
18ft.,  a  pitch  ot  28ft.,  and  a  length  of  3ft.  6in.;  the  leading  corners  of  the  screw  cut. 
The  ship  drew  21ft.  of  water  forward  and  22ft.  aft.  Coals  on  board,  300  tons;  state  of 
weather,  a  calm.  Runs  :— 1st  run,  time,  5min.;  speed  in  knots,  12'000;  steam  201bs  • 
vacuum,  24;  revolutions,  53'5 ;  2nd  run,  time,  5  min.  29  sec. ;  speed,  10-942  •  steam  18*  ■ 
vacuum,  24;  revolutions,  53'5 ;  3rd  run,  time,  4  min.  46  sec;  speed,  12'587;  steam  18; 
vacuum,  24;  revolutions,  53-5;  4th  run,  time,  6  min.  3  sec;  speed,  9-917-  steam  19- 
vacuum,  24.;  revolutions,  54;  5th  run,  time,  4  min.  31  sec;  speed,  13-284-  steam  19*- 
vacuum,  24;  revolutions,  54 ;  6th  run,  6  min.  8  sec;  speed,  9-783;  steam,  19*;  vacuum' 
24;  revolutions  54;5.  The  mean  speed  of  the  ship  is  11'529  knots.  The  circles  were 
made :-Port-halt  circle,  4  min.  22  sec;  full  circle,  8  min.  40  sec;  starboard, 
half  circle,  4  min.;   full  circle,  8  min.  29  sec;   port— helm   put    up   in    19  sec  ■ 


starboard,  18  sec. ;  port — angle  of  under  15  deg.,  starboard,  16  deg. ;  port — turns 
of  wheel,  1J;  starboard,  If;  port  revolutions  of  engines,  515;  starboard,  52.  There 
were  six  men  at  the  wheel.  It  is  intended  to  carry  an  uniform  "  pitch "  of  the  screw 
throughout.  The  Emerald,  on  the  21st  ult.,  resumed  her  experimental  screw  trials.  The 
screw  tested  on  this  occasion  was  of  the  same  pattern  as  on  the  last,  the  common,  or 
Admiralty  screw,  with  an  increasing  pitch  of  from  27ft.  6in.  to  29ft.  6iu. ;  diameter,  18ft.  ;. 
length,  3ft.  6in.;  and  immersion,  10|in.  Six  runs  were  made  at  the  measured  mile,  the 
mean  of  the  whole  giving  the  ship  a  speed  of  1P524  knots,  with  a  mean  revolution  of 
engines  of  53.  The  ship  turned  a  full  circle  to  port  in  8  min.  49  sec,  and  to  starboard  in 
10  min.  1  see. 

The  "Royal  Sovereign."— On  the  14th  ult.  Lord  Clarence  Paget  arrived  at  Poits- 
mouth,  and  visited  the  Royal  Sovereign,  converting  to  a  turret  ship  in  the  dockyard,  under 
the  direction  of  Capt.  C.  P.  Coles,  R.N.  Six  of  her  armour  plates,  three  on  each  side,  are 
being  bolted  on,  and,  so  far  as  the  external  work  of  the  ship's  conversion  is  concerned, 
she  is  now  ready  to  receive  the  whole  of  her  armour  plating  from  below  her  water  line  to 
her  topsides.  To  receive  this  part  of  her  armour  the  ship  has  been  strengthened  outside 
with  two  layers  of  diagonal  teak  planking,  the  inner  being  of  three  and  the  outer  ef 
four-inch.  This  diagonal  strengthening  extends  lift.  8in.  below  that  part  of  her  topsides 
to  which  she  was  originally  cut  down.  The  lower  ends  of  this  diagonal  planking  rest  in 
worked  rabbits  of  longitudinal  planking  added  to  the  original  bottom  of  the  ship,  which 
project  sufficiently  far  beyond  the  level  of  the  diagonal  ends  to  form  a  shelf  on  which 
will  rest  the  lower  edges  of  the  lower  tier  of  armour  plates.  The  lowest  part  of  this  longi- 
tudinal planking  is  14ft.  lOin.  from  the  point  to  which  the  ship  was  originally  'cut  down. 
The  ship  was  cut  with  a  sheer  forward  and  aft,  which  Capt.  Coles  afterwards  disapproved, 
The  result  was  that  the  ship's  topsides  were  filled  in  and  raised,  the  greatest  extent  being- 
amidships,  where  it  is  about  18in.  Sloping  downwards  from  the  centre  in  all  directions, 
to  allow  of  the  required  depression  of  the  guns  in  the  turrets,  the  appearance  of  the  Royal 
Sovereign's  upper  deck,  when  complete,  will  be  as  nearly  as  possible  like  the  under  part  of 
a  butcher's  tray,  thus  forming  the  glacis  of  the  gun  towers  or  turrets.  Where  the  towers 
stand,  or  rather  are  to  stand,  the  original  wooden  beams  have  been  removed,  and  ;  their 
places  taken  by  short  rolled-iron  beams  from  the  Butterly  Works,  which  extend  from  the 
ship's  side  to  the  cyawn  of  the  glacis  at  its  junction  with  the  tower.  Where  the  removal 
of  the  original  beams  has  not  been  necessitated  by  the  fitting  of  the  towers  they  have 
been  retained,  and  to  give  the  necessary  slope  outwards  to  the  deck  they  have  been 
doubled  over  by  other  beams.  As  an  instance  of  the  size  of  and  distance  between  the 
beams  thus  doubled  over,  it  may  be  mentioned  that  the  beams  forward  of  the  foremost 
turret  and  abaft  the  aftermost  one  are  3ft.  3in.  in  depth  and  1ft.  5in.  in  width,  of  solid 
timber.  Six  of  these  double  beams,  in  addition  to  massi/e  inner  strengthenings,  are  be- 
tween the  vessel's  stern  and  forward  turret,  the  distance  between  each  beam  being  about 
2ft.  4in.  Amidships  the  beams  are  even  closer,  and  are  alternated  with  rolled-iron  beams 
secured  to  longitudinal  iron  beams,  clear  of  the  turrets  amidships,  where  not  extending 
right  acsoss  the  deck,  by  stout  TJ-shaped  knees.  The  height  of  the  original  wooden  beams 
from  the  deck  below  is  exactly  6ft.,  but  where  the  old  wooden  beams  have  been  removed 
altogether  and  short  iron  ones  substituted,  as  in  the  make  of  the  turrets,  an  additional 
height  is  gained  of  18in.  at  the  combings  of  the  hatchways  and  14in.  in  at  the  ship's  side. 
The  Royal  Sovereign  has  not  been  built  expressly  for  a  turret  ship,  and  therefore,  when 
tried,  allowances  must  be  made  for  certain  qualifications  which  she  will  possess  and  which 
she  would  have  done  much  better  without.  The  Admiralty  have  also  decided  that  she  is 
not  to  be  masted,  and  consequently  she  will  be  unable  to  steady  herself  at  any  time  by 
her  canvas.  With  all  the  faults  that  can  possibly  be  summed  up  against  her,  the  Royat 
Sovereign  will  solve  the  problem  as  to  whether  guns  of  much  heavier  calibre  can  be  worked 
better  on  the  central  than  on  the  broadside  principle, — in  fact,  whether  a  gun  of  20  tons 
cannot  be  worked  more  efficiently  and  with  greater  ease  from  a  turret,  than  a  'gun  of  7  or 
8  tons  can  ever  be  expected  to  be  worked  through  a  broadside  port.  The  water  was,  on. 
the  20th  ult.,  admitted  into  No.  3  dock  at  Portsmouth,  and  the  Royal  Sovereign  was  floated 
off  her  blocks.  On  the  water  rising  in  the  dock  to  a  sufficient  height,  the  ship  was  lifted 
oft' her  blocks  at  a  draught  of  13ft.  8in.  forward,  and  17ft.  5in.  aft.,  the  water  line  being- 
just  below  the  lower  portion  of  the  added  longitudinal  planking  which  supports  the  7in> 
of  crossed  diagonal  teak  planking  which  has  been  added  to  the  ship's  external  topsides  to 
strengthen  her,  and  assist  in  carrying  her  5\\n.  armour  plates,  and  also  supports  in  a  rabbit 
the  lower  edges  of  the  bottom  tier  of  armour  plates.  At  this  draught  of  water,  therefore, 
the  embryo  turret-ship  was  floating,  the  only  weights  in  addition  to  the  wooden  hull  being 
her  machinery  complete  as  an  800  horse  power  screw  steamship,  ten  of  her  huge  5*jn.  iron 
armour  plates  on  her  sides  partially  completed  in  their  bolt  fastenings,  and  30  of  the  lin. 
iron  plates  on  the  upper  deck  beams  underneath  her  8in.  wooden  deck  planking,  which  lay 
on  the  beams  of  her  upper  deck.  In  measuring  round  her  topsides  to  ascertain  their 
exact  height  from  the  water  line,  it  was  found  to  be  as  follows  : — Amidships,  15ft.  2in., 
on  the  quarters,  15ft.  5iu. ;  and  on  the  bluff  of  the  bows,  16ft.  Her  estimated  draught  of 
water  when  ready  for  sea,  with  everthing  on  board,  is  20ft.  3in.  aft,  and  21ft.  9in.  forward,, 
which  leaves,  at  the  ship's  present  draught,  an  additional  immersion  of  the  hull  of  7ft. 
aft  and  6ft.  4in.  forward,  to  carry  the  undoubtedly  enormous  weight  which  has  yet  to  be- 
put  on  and  into  the  ship.  This  weight  will  be  comprised  chiefly  in  the  following  items : — 
Four  turrets  of  80  tons  each,  320  tons ;  armour  for  sides,  fastenings,  and  deck-plating, 
1000  tons ;  anchors  27,  and  cables  72  tonsj  99  tons ;  messengers  and  fittings,  6  tons  13  cwt. ; 
boats,  12,  and  firehearth  8,  20  tons;  men  and  effects  (280),  44  tons ;  boatswain's  and  car- 
penter's stores,  85  tons ;  armament,  say  (what  it  ought  to  be),  100  tons ;  shot,  shell,  and 
gunner's  stores,  170  tons ;  powder,  30  tons ;  water  and  tanks,  30  tons ;  coals,  600  tons  ; 
and  provisions  and  victualling  stores,  72  tons.  The  whole  weight  will  thus  be  2576  tons 
13  cwt.  There  are  the  steam  capstans,  auxiliary  engines  for  working  them,  the  internal 
fittings  of  the  ship,  and  many  other  smaller  items,  all  amounting  to  a  goodly  total,  that 
are  not  included,  of  course,  in  the  above,  but  which  will  materially  add  to  the  weight  to 
be  carried  by  the  turret-ship.  The  extra  displacement  the  ship  will  gain  by  her  increased 
section  from  her  diagonal  and  longitudinal  planking  and  armour-plating  to  5ft.  below  her 
water  line,  will  of  course  give  her  additional  carrying  power;  but  this  will,  no  doubt, 
inj  uriously  affect  her  speed,  not  only  by  the  increased  size  of  the  hull  to  be  driven  through 
the  water  with  a  given  power,  but  also  by  all  want  of  relative  proportions  in  the  bottom 
of  the  hull,  owing  to  the  abrupt  ending  of  the  additional  planking  at  between  7ft.  and  8ft. 
below  the  line  of  flotation. 

Trial  of  the  "Leander." — This  screw  frigate,  2760  tons,  400  porse-power,  was  taken 
to  the  measured  mile,  on  trial  of  her  machinery  and  engines,  on  the  4th  ult. ;  but  owing 
to  the  excessive  priming,  she  was  unable  to  complete  her  trial.  Since  then  her  boilers 
and  pipes  had  undergone  a  thorough  overhauling  and  cleaning,  and  the  vessel  was  again 
taken  out  on  trial  on  the  17th  ult.  During  the  period  of  four  runs  the  trial  was  suc- 
cessful, the  engines  working  satisfactorily,  with  an  entire  absence  of  hot  bearings.  The 
average  speed  attained  in  the  four  runs  was  10J  knots,  with  60  revolutions  per  minute 
vacuum,  18-5 ;  mean  pressure  of  steam,  231bs.  While  the  fifth  run  was  being  made,  the 
padding  in  the  junctions  of  the  relief  valve,  which  it  is  thought  had  become  decayed,  was 
forced  out  of  its  place,  and,  owing  to  the  excessive  leakage,  the  trial  had  again  to  be 
postponed. 

The  "Caradoc,"  paddle-wheel  despatch,  has  returned  to  Woolwich  from  an  engineer's 
trial  of  her  machinery,  after  repairs.  The  trial  was  prolonged  beyond  the  usual  test,  in 
order  to  ascertain  the  merits  of  Mr.  Humphrey's  new  superheating  steam  apparatus, 
fitted  to  the  boilers.  The  maximum  speed  attained  by  the  engines  of  the  Caradoc  was 
only  10*.  knots  per  hour ;  becoming  overheated,  the  apparatus  burnt  away  a  portion  of 
the  woodwork  before  the  foremost  funnel. 
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Teial  op  thb  "Himalaya"  Troopship.  —  The  Himalaya,  screw  troopship,  700 
horse  power,  on  the  2nd  ult.,  made  her  official  trial  of  speed,  on  the  conclusion  of  exten- 
sive repairs  to  her  machinery,  at  the  measured  mile  in  Stokes  Bay.  The  weather  was 
most  unfavourable  for  developing  the  ship's  highest  rate  of  speed,  a  strong  south-west 
gale  blowing  at  the  time.  Four  runs  were  made  with  full  boiler  power,  "the  mean  of 
which  gave  a  speed  of  11SS  knots.  Two  runs  were  next  made  with  half  boiler  power, 
giving  a  mean  speed  in  knots  of  9'550.  The  maximum  number  of  revolutions  of  the 
engines  was  5S,  and  the  minimum  55;  the  propeller  being  a  Griffiths,  having  a 
diameter  of  18ft.,  a  pitch  of  27ft.  9in.,  and  an  immersion  of  its  upper  blade  of  4ft. 

The  "Alfred." — This  iron  screw  turret-vessel,  building  for  the  Government  at  Messrs. 
Samuda's,  in  their  yard  at  Blackwall,  is  making  rapid  progress.  Her  armament,  con- 
sisting of  five  deek'guns  only,  will  be  protected  by  four  cylindrical  armour-plated  turrets, 
three  of  which  will  contain  a  single  gun  each,  and  the  fourth  two  guns,  making  the  total 
amount  of  her  armament.  The  construction  is  exactly  that  of  the  Confederate  invention, 
and  is  intended  for  similar  purposes.  The  turrets  will  be  built  up  after  the  principle  of 
the  Warrior's  sides,  with  Ijin.  plates,  backed  by  solid  teak  timbers.  The  revolving  plat- 
forms and  general  woodwork  of  the  turrets  have  been  cut  out  and  the  work  commenced 
by  the  shipwright  department  at  Woolwich. 

Titr.  "Caledonia." — The  plating  of  this  vessel  is  advancing  rapidly  in  dock  at  Wool- 
wich. A  new  system  practised  in  armour-plating  the  ships  of  the  French  navy  has  been 
in' roduced,  which  it  is  expected  will  have  the  effect  of  warding  ofT  the  dry  rot,  and  pre- 
venting decay.  It  is  eft'ectcd  by  carbonising  with  a  flame  of  gas  the  surface  of  the  timber 
before  receiving  the  plates.  In  order  to  obtain  a  satisfactory  test  of  the  effect  of  this 
system,  an  equal  number  of  the  plates  has  been  laid  on  without  the  carbonising,  and  the 
system  will  be  applied  to  the  remainder  of  the  strakes  to  obtain  the  necessary  result. 

The  British  Navy. — A  return  issued  on  the  16th  ult.  gives  in  detail  the  number  of 
steam  ships  afloat  and  building,  together  with  the  number  of  effective  sailing  ships,  on 
the  1st  February,  1S6.J.  There  were  then  afloat  a  total  of  522  vessels,  of  which  4l4  were 
screw  and  10S  paddle.  There  were  building  -If,  and  of  effective  sailing  ships  afloat  the 
number  was  103 — grand  total,  669.  Of  the  ships  afloat  2  are  armour-plated  (iron)  second 
rates ;  and  3  armour-plated  (iron)  third  rates  ;  and  3  are  armour-plated  (wood)  third 
rates.  There  were  56  screw  ships  of  the  line  afloat,  and  38  screw  and  16  paddle  frigates; 
2<>  corvettes  and  65  sloops ;  7  floating  batteries,  209  gunboats  and  gunvessels  ;  the  re- 
mainder of  the  ships  afloat  carrying  smaller  armaments.  There  are  building  8  armour- 
plated  ships,  of  which  4  are  iron  second  rates,  1  iron  third  rate,  and  3  wood  third  rates. 
There  are  also  2  turret  ships  in  progress,  third  rates,  1'  iron  new,  and  1  wood  converting. 
The  building  of  3  ships  of  the  line,  and  6  frigates,  4  corvettes,  5  sloops,  and  6  gunboats, 
all  screw,  is  suspended.  Of  the  effective  sailing  ships  afloat  9  are  screw  ships  of  the  line, 
and  13  are  frigates,  7  are  sloops,  and  73  mortar  vessels  and  floats. 

Naval  Fohce. — The  number  of  76,000  men  to  be  voted  for  the  navy  is  made  up  thus: — 
"7-1  officers,  subordinate  officers,  and  warrant  officers ;  33,216  petty  officers  and  seamen, 
0000  boys,  9000  Coastguard,  1000  officers  and  men  employed  in  the  Coastguard  Civil  Ser- 
vice, and  18,000  marines.  The  Estimates  propose  £40,000  for  Royal  Naval  Coast  Volun- 
teers and  for  victualling  and  clothing  them  when  afloat,  provision  being  made  for  8000 
in  number.  The  sum  to  be  voted  for  the  Royal  Naval  Reserve  is  £193,060 ;  the  provision 
is  made  for  16,000.  The  ships  in  commission  on  the  1st  of  December  were  as  follows  : — 
Line-of-battle  ships,  13;  iron-cased  ships,  4;  frigates  and  corvettes,  46;  sloops,  small 
vessels,  and  gun-boats,  92 — making  in  all  155  sea-going  steam  vessels,  being  5  less  than 
on  the  1st  of  December,  1861.  The  guard-ships,  stationary  ships,  surveying,  troop,  and 
store  ships,  and  tenders,  brought  the  total  fleet  and  Coastguard  up  to  90  sailing  and  237 
steam  vessels  on  the  1st  of  December  last,  a  number  10  less  than  on  the  1st  of  De- 
cember, 1861. 

Ibon  Moktar  Vessels. — Admiralty  orders  have  been  received  at  Chatham  for  another 
of  the  fleet  of  mortar  vessels  laid  up  in  Yantlett  Creek  to  be  handed  over  to  the  Con- 
troller of  the  Coastguard  for  use  in  that  service,  tbe  Admiralty  having  determined  on 
bringing  the  whole  fleet  of  mortar-boats  into  use  as  opportunities  occur,  instead  of 
allowing  them  to  remain  rotting  in  inactivity  at  their  present  berths.  Beside  the  nume- 
rous mortar-vessels  at  Yantlett  Creek,  there  is  likewise  a  large  squadron  of  iron  mortar- 
boats,  built  during  the  Russian  war,  laid  up  at  Chatham  Dockyard,  costing  the 
country  a  considerable  sum  to  keep  them  in  repair,  and  to  prevent  rust  eating  into  their 
iron  plates.  Each  vessel  is  housed  over  with  a  covering  of  wood  to  protect  it  from  the 
weather,  but,  although  every  precaution  is  adopted  in  this  respect,  nothing  can  prevent 
their  undergoing  a  certain  amount  of  injury.  The  number  of  these  iron  mortar-vessels 
cannot  be  much  less,  if  it  does  not  exceed,  100. 

u-n.— The  iron-eased  frigate  Itoijnl  Oak,  '.M,  whi  horse-power, 
preparing  for  sea  at  Chatham,  has  been  selected  by  the  Admiralty  as  the  tirst  vessel  in  the 
navy  on  board  which  Gisbome's  code  of  steering  and  engine-room  electric  telegraph  sio 
nals  :ire  to  be  fitted.  Since  the  former  order  for  applying  the  invention  to  the  Boval  Oak 
was  Ii  id  Admiralty  order  Inn  been  received  at  Chatham  docky aid directing  the 

Meeting  signals  in  addition  to  being  placed  In  the  engine-room  and  on  deck,  to  be  fitted 
within  the  armour-plated  turret  which  is  now  being  erected  on  the  appei  deck,  and  alio 

to  the  two  lower  deck  wheels,  thus  enabling  the  officer  stationed  within  the  turret  to 
communicate  bis  orders  simultaneously  to  the  engineer  and  also  to  the  men  at  the 
wheel.  This  arrangement  is  most  important.  Durint.'  intricate  navigation,  inch  as  cn- 
or  leaving  harbour, or  in  foggy  or  stormy  weather,  it  is  frequently  "l  vital  Import- 
ance that  the  captain's  orders  should  be  conveyed  quickly  and  munlstekabl]  I 
helmsmen  and  engineers,  and  the  invcntion'enablei  every  movement  of  either  the  helm 
or  the  engines  to  be  apparent  to  the  commanding  officer. 

Tiif.  Spjjnen  Fun.— The  following  is  a  list  of  the  Spanish  frigates  now  afloat  or 
building :— Screw  Ironsides.  The  Sagunto,  30  gun-;  Zaragota,  30;  Uumannia,  10,  all 
building;    Arapites,  '.HI ;    V.ovm  -'     7  ,' ,        .,■>,   f,   ,-.,.',   .Vi ;    Pi    n    < 

90j    Victoria,  80.     Screw  •teamen;    VUla  A*  Madrid,  BO,  building 
Almania,  60.     sailing'  vessels:  Eiptiianza,  \l;   Triumfo,  vi;  Buolueion,  IS;  Ttt 
u,  6  ■"•.  U;  Ltaltad,  vi ,  Coneipahn,  88 j  Btrangusla,  88;  Blanoa,  88; 

88.    Of  the  ten  corvettes  in  the  Spanish  navy,  fivo  are  sailing  vessel  ■,  and  five 

■crew.     Of  the  32  .      one  is  a  sailing  vessel,  the  others  at I  ven  of 

which  are  building. 

N  iv»i,  aVrpoumram.— >The  following  appointment!  have  taken  place  ■inosourlasti — 

II.  w.  Blgar,  Chiel  Bngh r,  to  the  /.'".--or/;  J.  Neil,  Chief  Engineer,  to  the  Oumb< 

for  the  Mart;  3.  Walsh,  Engl r.  w.  Nicholson,  First-class  Assist.  Engineer,  and  .1.  <;. 

Sampson,  Acting  S  Engit r  to  the Biuuard ;  T.  8  Quslng,  First 

t.  Engineer,  to  ir  the   Foam;  I).   Langland  \    1st.  Engineer 

to  the  Caradoc;    I.  Darker,  Ir  mud,  promoted  to  Acting  First-class    ! 

Engineer;  W.  Tempest,  Sc  nnd-class  Assist,  engineer,  t"  the  VUgard,  for  the   B 
II.  ll.  I'om km,  promoted  to  i  Idol  Engineer:  J.  Staler,  Ml  tale       \    I  t.  Engineer,  to 

the  Aiia,  as  .-■■■.  :  M    \.  Fothergjll,  toting  B id    It  locr,  to 

the  Cumberland;  .1.  W.  Carpenter,  in  the  Firefly,  promoted  to  Acting  Cblel   Eng r. 

.1.  Lawson,  Engineer,  qualified  for  charge,  to  the  Baeoont  w.  \v I , i i . ■ .  mpemumei 

the  Cumbi , :  id  to  l  Irst-cl  i   i  Assist,  Engl n 

.  Engineers,  to  the  Jta<        .    I     H.  W.  Ramsey,  Acting  H i 

i  rr.  to  tin   /u./r'.<,  us  supernumerary  ;  A.  Clarke,  in  the  /'■./•  >e  • .  promoted  to  Engi- 
neer; II.  Woollcy,  Engineer, to  the  /■■■  Uerfi  .1.  Hurdock,  Acting  Second-class 

t.  Engineer  to  the  Atia,  as  supemumerar)  ,  C,  Icely.Chlel  Engineer,  to  the  Regard, 
for  the  Caledonia ;  J,  Oilllee,  Chief  Engineer,  to  Ub    i  I,  for  iic  .v.  .,■/<. ,  .i  Fran- 

cis,  In  the  Bhannom,  J.  Pordle.  In  the  Petrel,  J.  lionell,  in  tbe  1  (V.  Kelly,  in 

the  Satellite,  promoted  to  First-class  Assist.  Engineer!]  ft  M.  Johnson,  In  thi 


J.  Gibson,  in  the  Firefly,  A.  Templeton,  in  the  Euryalus,  G.  Whitting,  in  the  Ardent, 
W.  Taylor,  in  the  Barracouta,  and  W.  Brock,  in  the  Alacrity,  promoted  to  be  Acting 
First-class  Assist.  Engineers;  J.  Copplestone,  Acting  Second-class  Assist.  Engineer,  to  the 
Indus,  as  supernumerary ;  G.  Booth,  Engineer,  and  J.  Russell,  First-class  Assist.  Engineer, 
to  the  Bacoon  •  W.  R.  Leeson,  in  the  Snake,  promoted  to  Acting  Engineer ;  J.  C.  Gray, 
First-class  Assist.  Engineer,  to  be  borne  supernumerary  of  the  Fitgard  from  the  date  of 
his  arrival  in  England ;  W.  Gair,  in  the  Slromboli,  promoted  to  Acting  First-class  Assist. 
Engineer;  J.  A.  Lodge,  Engineer  to  the  Fitgard,  as  Supernumerary;  W.  Tempest,  in 
the  Fisgard,  for  the  Baun,  and  G.Murray,  in  the  Asia,  promoted  to  First-class  "Assist- 
Engineers;  W.  H.  Brunfield,  Acting  First-class  Assist.  Engineer  to  the  Fisjard  as 
Supernumerary;  J.  A.  Cawlay,  Second-class  Assist.  Engineer,  to  the  Cumberland,  as 
Supernumerary ;  A.  M.  Boumage,  J.  W.  Haves,  G.  J.  Weeks,  W.  T.  Pover,  and  G.  H. 
Barnes,  Aeting'Second-class  Assist.  Engineers,  to  the  Aria,  as  Supernumeraries ;  S.  J. 
Rock,  Acting  Second-class  Assist.  Engineer,  to  the  Narcissus;  F.  Brockton,  T.  Clark, 
W.  Gentles,  and  J.  F.  Hughes,  Engineers,  to  the  Vigilant;  J.  Knight,  Engineer,  to  the 
Cumberland,  for  the  Cochin ;  W.  W.  Williamson,  promoted  to  be  Inspector  of  Machinery 
afloat;  P.  Steel  and  R.J.  Hay,  Chief  Engineers,  to  the  Cumberland,  for  [the  Atlas  and 
Bristol  respectively;  J.  P.  Channon,  Engineer,  to  the  Indus,  as  Supernumerary;  T. 
Rose,  First-class  Assist.  Engineer,  to  the  Indus  for  the  Fervent;  M.  J.  Sprake,  Acting 
Second-class  Assist.  Engineer,  to  the  Asia,  for  the  Frederick  William;  S.  Swan,  Engineer 
to  the  Victory,  for  tbe  Sprightly;  R.  E.  Davison,  in  the  Petrel,  promoted  to  Engineer; 
W.  B.  Trenwith,  Second-class  Assist.  Engineer,  to  the  Megara;  Vi.  Crichton,  Acting 
Second-class  Assist.  Engineer,  to  the  Russell. 

MILITARY  ENGINEERING 

Resignation  of  Sir  William  Armstrong. — Sir  William  Armstrong  has  sent  in  his 
resignation  of  the  official  position  he  has  held  for  the  last  three  or  four  years  as  ordnance 
engineer  and  superintendent  of  rifled  ordnance  construction  in  the  War  Department. 
The  causes  assigned  for  the  step  are,  it  is  stated,  wholly  unconnected  with  the  forthcoming 
experimental  trials  between  the  Armstrong  and  Whitworth  guns,  and  Sir  William  only 
retires  that  he  may  attend  more  closely  than  his  duties  permitted  him,  to  the  extensive 
works  of  the  Elswick  Ordnance  Company,  in  the  success  of  which  he  has  so  large  an 
interest.  That  company  will,  as  hitherto,  continue  to  manufacture  rifled  ordnance, 
both  for  the  army  and  navy. 

LAUNCHES  OF  STEAMERS. 

Launch  op  an  Australian  and  New  Zealand  Mail  Steamer. — On  the  7th  ult., 
the  Paulet,  destined  to  convey  the  mails  between  Australia  and  New  Zealand,  was  launched 
from  the  building  yard  of  Messrs.  Charles  Mitchell  and  Co.,  at  Low  Walker,  on  the  Tyne. 
She  is  an  extremely  handsome  vessel.  No  expense  has  been  spared  in  fitting  her  up  for 
the  extensive  passenger  trade  between  the  two  colonies;  and  among  the  modern  improve- 
ments introduced  into  the  cabin  arrangements  of  this  vessel  is  one  that  will  be  very 
acceptable  aboard  steamships  in  warm  climates.  A  separate  steam  engine  is  to  be  erected 
on  board  this  vessel  for  the  purpose  of  thorougly  ventilating  the  holds,  cabin,  engine- 
rooms  ;  and  so  completely  will  the  system  be  carried  out,  that  each  private  cabin  will  be 
provided  with  a  ventilating  tube,  so  that  each  passenger  will  have  the  opportunity  of 
regulating  the  draught  to  suit  his  individual  convenience.  The  machinery  to  drive  the 
Paulet  is  of  150  horse-power,  and  has  been  manufactured  by  Messrs.  R.  Morrison  and  Co., 
Newcastle.  By  the  use  of  surface  condensers,  there  will  be  a  considerable  economy  in 
the  consumption  of  fuel. 

Launch  op  the  "  Lotus." — On  the  21st  ult.,  this  fine  screw  steamer  was  launched 
from  the  building  yard  of  Messrs.  C.  and  W.  Earle,  Hull.  She  is  intended  for  the  Medi- 
terranean trade,  and  is  owned  by  Messrs.  J.  Moss  and  Co.,  Liverpool.  The  registered 
tonnage  of  the  Lotus  is  500  tons ;  her  actual  burden,  however,  will  be  about  800  tons,  and 
her  dimensions  are— Length  over  all,  820ft, ;  breadth,  24ft. ;  and  depth,  15ft.  2in. 

TELEGRAPHIC  ENGINEERING. 

TnE  Telegraph  to  India  Compaxt. — The  half-yearly  general  meeting  of  this 
company  has  been  held.  The  directors  in  their  report,  after  referring  to  previous  trans- 
actions in  connexion  with  the  Persian  Gulf  line,  and  stating  that  the  directors  had  found 
it  necessary  to  discontinue  for  the  present  the  station  at  Jubal,  proceeded  to  state  that 
they  considered  it  tbe  best  course  in  the  interests  oft  he  company  to  make  arrangements  with 
Messrs.  Glass,  Elliott,  and  Co.,  the  lessees  of  the  Malta  and  Alexandria  cable,  Ibl  working 
the  Alexandria  ami  Sue/;  line  for  four  years  from  1st  January,  under  which  the  Una  is  to 
be  worked  and  maintained  in  good  condition,  without  any  charge  upon  the  company,  b] 
the  lessees,  who  arc  to  pay  the  company,  so  long  U  the  Malta  and  Alexandria  cable  con- 
tinues in  working  Order,  £2900  a  year  during  the  term  Of  the   lease,     This  will    enable 

the  board,  unless  any  nnfoneen  accident  arises,  to  pay  a  dividend  to  the  shareholder! 

during  the  next  four  years  of  from    I  to  8   I  I    annum.     With  regard  to  the 

rapb  the  directors  have  applied  for  and  Obtained    the  sanction  ol 

Highness  the  Vlceroj  ol  Egypt  to  eonatrnol  a  line  to  El  Arlsb,  with  ■  view  to  completing 

the  further  comii I  ;.  rrout,  Iscanderoon,  or   Aleppo,  and  so  connecting  this 

npany'a  line  with  Constantinople  by  one  about  to  be  constructed  bj  the  Ottoman 

Government  from  Dlarb  kir.  on  the  direct  line  from  Constantinople  to  India,  and  also 

by  the  Persian  Gull  Telegraph  with  India.     By  this   short   and   Inexpensive  addition  the 

of  the  < ipany's  property,  in  the  opinion  of  the   directors,  "in  be  materially 

Increased,  bnl  they  are  advl  eathal  it  would  not  be  competent  to  the  Company  to  make 
the  Una  to  Beyrout. 

An  I.ii.i.o    iiiiocieii   ii  it. is-  xBM  MliaiT.— In  consequence  of  the  frequent 
dents  to  the  submarine  cable  across  the  Mersey,  through  the  fooling  bj  ships  anchors, 
the  cable  has  been  taken  up,  and  at  pre  i  tors  perform  the  communli  ations,    it 

Is,  however,  intended  to  erocl  onoachsldool  the  river  two  iron  pillars,  of  about   NO 
in  height,  and  .hi  these  to  i  (tend  a  strong  steel  wire,  to  which  will  be  fastened  the  t.  lo- 
nanh  wires.  ThedJ  ,  whereltUtopropo  iilam, 

in inootion  with  the  proposed  alteration    whl  i  rarj 

we  understand  thai  there  will  be  «  submarine  cable  laid  between  the 
dlOerenl  light  aore,  which  will  be  of  immenat 

noil mmunlty,  s   II  will  aooolerate  the  reportln      :  off  the  port,  and, 

.,i    toi  m,  the  positiou  of  v<     ol    In  dlstn    ,  a..-. 

nii,.  ..mriiv.    Although  submarine  I  rhlchonh 

rom  1881,  II  appeal    thai  the  length  ol  cable  submerged  to  the  t 

oolatedal  I6,17i  Cho  following  Is  a  list  of  »ho  principal  cablos  laid  bj    English 

pte  1867 1    From  ii.. v,  i  i    i  laid  in  1861  hi   kfi    i     WUklna  and 

Wctin .:    ,  Mi         Nowoll  and  Co.,  Mi    i  .  Super  and  Co.,  and  Mr.  Cramp  ton  i  from 

Holyhead  to  Howth,  :  I  i   ,  laid  in  1  d  Den> 

i  r..ss  ii,,  Holt,  Is  mil.   .  laid  In  1»63  by  Mi     rs.  B.  B,  Kewall  and  Co, ;  from  Dover 

Icwall  and  Co.  and  Messrs.  Rupor  and 

ill  and  CO,  ; 

from  Port  pat  rick  to  I  lies,  laid  In  1  It.  S.  Newell  and  Co.  | 

1   igland  r  ■  Holl  md,  I  ISO  miles  each,  laid 

It.  H  Newall  and  Co.  j  from  Portpatrick  to  Whitehead, »7  miles,  laid  hi  is.w  by  Hi 
H,  8.  N.-w.iii  and  Co. ;  irmu  Bwedi  n  to  Denmark,  I-  miles,  laid  In  ism  bj  Hi  an  .  <;iss«, 
Elliott,        ■  I  to  Howth.  73  miles,  laid  (In  IBM  byMoocrs.  Newall  and 

i  jIBMbyM  'r..m 

odium,  10  miles,  laid  In  1  ,  Elliott,  and  Co.  i  from  Varna 

toCo  oplo,  172  ml  I'-  B.   Newall  nnd  Co  .  Ir.nn    Vnnia 

Hi      .  B,  -.  Hi  mil  ad  I  ■ . .  t  loible,  i"  miles 
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in  length  laid  oft  the  Egyptian  coast  in  1855  by  Messrs.  Glass,  Elliott,  and 'Co 
Italvto  SiciW  five  miles^laid  in  1855  by  Messrs.  Glass,  Elliott,  and  Co  ;  from  Newfound- 
land to  Cape  Breton,  85  miles,  laid  in  1856  by  Messrs.  Glass,  Elliott,  and  Co.;  from  Prince 
Edward's  Island  to  New  Brunswick,  12  miles,  laid  in  1856  by  Messrs.  Glass,  Elliott,  and 
Co  in  Norway  across  Fiords,  -19  miles,  laid  in  1857  by  Messrs.  Glass,  Elliott  and  Co  ; 
from  Sardinia  to  Malta  and  from  Malta  to  Corfu;  700  miles,  laid  m  1857  by  Messrs 
RSLNewall  and  Co.;  across  the  mouths  of  the  Danube,  three  miles  laid  in  1857  by 
Messrs.  Glass,  Elliott  and  Co. ;  from  Ceylon  to  the  mainland  of  India  30  miles,  laid  in 
1S57  bv  Messrs.  Glass  Elliott,  and  Co. ;  from  Sardinia  to  Bona,  12o  miles,  laid  m  1857  by 
Messrs  R.S.  Newall  and  Co.  In  1S5S,  1859,  1860,  1861,  and  1862,  the  submersion  of 
tele°raph  cables  proceeded  in  an  accelerated  ratio,  only  2487  miles  out  of  the  15,176* 
mile's  indicated  above  having  been  thus  far  recapitulated.  lv.„.     .      ,     f 

Telegraphs  BiLL.-The  object  of  the  bill  brought  before  Parliament  by  the  Board  of 
Trade  is  to  make  general  regulations  in  respect  to  all  telegraph  companies,  existing  and 
future  but  not  to  affect  existing  companies  in  respect  of  a  past  exercise  ot  powers  No 
telegraph,  above  ground,  is  to  be  placed  within  10  yards  of  a  dwelling  home  worth  £20 
a  year  or  across  an  avenue,  or  approach  to  such  house,  without  the  consent  of  the  occu- 
pier of  the  house.  But  a  subsequent  provides  that,  where  the  body  haying  the  control  of 
a  street  consents  to  a  telegraph  being  placed  along  it,  that  consent  is  to  be  sufficient 
authority  for  placing  the  telegraph  along  or  over  any  land  or  bailding  adjoining  to,  or 
near  the  street,"  but  not  directly  over  any  building  if  the  owner,  or  occupier,  objects.  _  Any 
person  in  the  employment  of  a  telegraph  company  wilfully  or  negligently  delaying  a 
message,  or  improperly  divulging  its  purport,  is  to  be  liable  to  a  penalty  not  exceeding 
£20  Every  telegraph  is  to  be  open  to  all  persons  without  favour,  or  precedence,  except 
that  messages  on  her  Majesty's  service  are  to  have  precedence  if  required  by  any  depart- 
ment of  the  Government.  Telegraphs  also  may  be  taken  possession  of  for  Her  Majesty  s 
service  if  the  Secretary  of  State  is  of  opinion  that  an  emergency  has  arisen  in  winch  it 
is  expedient  for  the  public  service  that  the  government  should  have  control  over  the 
transmission  of  messages  ;  the  company  to  be  compensated  according  to  the  average 
profits  of  the  previous  three  months. 

RAILWAYS. 
Spanish  Railways  — The  Madrid,  Saragossa,  and  Alicante  Railway  Co.,  have  opened 
another  section  of  their  wide  network,  which,  when  completed,  will  control  over  700 
miles  The  section  now  made  available  lies  between  Murcia  and  Carthagena,  and  is  40 
miles  in  length.  The  receipts  of  the  system  are  steadily  extending,  and  when  the 
Saragossa  division,  which  will  open  communication  between  France  and  Spain  is  com- 
pleted  the  earnings,  it  is  calculated,  will  be  at  least  £1,000,000,  per  annum. 

A  Barcelona  paper  announces  that  the  construction  of  the  railway  of  San  Juan  de  las 
Abederas  has  been  conceded  to  M.  Bengoechea,  the  representative  of  a  London  house, 
who  offered  to  take  it  for  a  term  of  ninety  years  without  any  subvention  from  the  Govern- 
ment.   There  were  eight  tenders  in  all. 

The  Toulon  and  Nice  Railway.— It  is  announced  that  the  section  ot  this  railway 
■between  Are  and  Cagnes  is  ready  for  traffic,  as  a  first  experimental  journey,  made  by  a 
train  carrying  the  engineers  and  principal  officials,  has  been  attended  with  perfect 
success 

Double-acting  Ventilator  toe  Railway  and  other  Carriages.— An  ingenious 
and  simple  apparatus  for  this  purpose  has  been  patented  by  Mr.  M.  Wigzell.  It  is  in- 
tended to  be  inserted  in  a  convenient  position,  such  as  above  the  glass  slide  in  the  door 
of  the  carriage,  and  may  be  briefly  described  as  consisting  of  a  double  tube,  put  together 
in  a  T  form,  and  inserted  horizontally,  so  that  the  mouth  of  the  inlet-tube  will  open 
forward  on  the  route  of  the  carriage,  while  the  mouth  of  the  outlet-tube  opens  in  the 
opposite  direction.  There  are,  of  course,  interior  openings,  one  for  admitting  the  fresh 
air,  and  the  other  for  egress  of  the  foul. 

The  Midland  Railway.— This  company  are  about  to  ask  for  Parliamentary  powers 
to  construct  a  line  of  5lj  miles,  giving  theni  an  independent  entrance  into  London.  The 
line  is  to  extend  from  Bedford  by  way  of  Ampthill,  Luton,  and  St.  Albans,  to  London. 
Its  estimated  cost  is  £1,750,000.  The  Midland  Company  also  propose  to  raise  £1,140,000 
this  session  for  other  purposes. 

Great  Western  Capital  Expenditure. — The  expenditure  on  capital  account  to  the 
31st  of  December,  1849,  amounted  to  £10,917,378,  including  £1,016,592  for  working  stock ; 
and  from  the  latter  date  to  the  31st  December  last,  the  expenditure  on  branch  and  exten- 
sion lines,  including  £650,752  for  new  station  at  Paddington ;  £874,035  for  additional 
roilino-  stock ;  and  £317,684  expended  on  joint  account,  amounted  to  £11,247,371 ;  and  in 
addition  to  this,  the  aggregate  sum  of  £2,208,567  had  beeD  subscribed  towards  twelve 
other  undertakings,  counected  with  Great  Western  railways,  making  the  total  expenditure 
on  capital  account  by  the  Great  Western  Company  £24,373,316,  leaving  a  balance  of 
£568,873. 

Locomotives.— It  appears  that  the  number  of  locomotives  possessed  by  English 
railway  companies  at  the  close  of  1861  was  4956.  The  Scotch  companies  had  848  and 
the  Irish  352,  making  a  total  of  6156.  At  the  close  of  1860,  the  number  possessed  by  the 
companies  was  only  5801,  showing  an  increase  in  1861  of  355.  Having  regard  to  the 
depreciation  of  existing  stock,  and  the  demand  for  engines  for  new  lines,  it  is  probably 
within  the  mark  in  estimating  that  500  additional  locomotives  will  be  required  in  the 
British  Isles  alone  for  the  next  ten  years. 

Railways  in  Bavaria. — At  the  end  of  1S61  the  entire  length  of  railway  opened  in 
Bavaria  was  703  English  miles.  The  cost  of  construction  has  been  on  an  average 
224,5702.  per  kilometre  (§  of  a  mile).  The  rolling  stock  consisted  of  228  locomotives, 
59o' carriages,  and  4059  waggons  and  trucks  for  merchandise,  &c.  The  carriages  contained 
20,747  places;  1159  first  class,  5708  second,  and  13,880  third.  The  locomotives  cost 
7,356,224fl.,  the  carriages  1,326,18411.,  and  the  waggons  and  trucks  7,074,966(1.,  making  a 
total  of  15,757,374(1.,  or  33,765,800f.  The  net  profit  of  the  working,  deducting  all  expenses, 
amounted  to  4,011,12211.,  or  7292f.  per  kilometre. 

Railways  in  India. — The  length  of  railway  now  opened  in  British  India  is  as 
follows:— On  the  Great  Indian  Peninsula  system,  495  miles;  on  the  East  Indian,  750J 
miles ;  on  the  Madras,  448  miles ;  on  the  Bombay,  Baroda,  and  Central  India,  187J  miles ; 
on  the  Seinde,  105  miles ;  on  the  Puujaub,  32  miles ;  on  the  Eastern  of  Bengal,  110  miles ; 
on  the  Calcutta  and  South  Eastern,  28i  miles ;  and  on  the  Great  Southern  of  India,  79 
miles  ;  making  an  aggregate  of  2235i  miles. 

French  Railway  Traffic— The  traffic  receipts  on  the  principal  French  lines  were 
as  follows:— On  the  Paris  and  Mediterranean  for  the  year  1862  the  traffic  receipts 
amounted  to  155,462.973f.  (£6,218,513),  against  144,473,6011'.  (£5,778,941)  hi  1861,  showing 
an  increase  of  10,989,371f  (£439,569).  On  the  Eastern  of  France  to  67,139,4271. 
(£2,685,577)  in  1862,  against  69,632,617f.  £1,785,305)  in  1861,  showing  a  decrease  of 
2,493,1901'  (£99,728).  Oh  the  Paris  and  Orleans  to  75,624,900f.  (£3,024,996)  in  1862, 
against  75,083,428f.  (£3,027,337)  in  1861,  showing  a  decrease  of  58,5281'.  (£2341).  On  the 
Northern  of  France,  68,452.8331'.  (£2,738,113)  in  1862,  against  65,333,6271.  (£2,613,345)  in 
1861,  showing  an  increase  of  3,119,204f.  (£124,768).  On  the  Western  of  France  to 
52,210,5421'.  (£2,088,422)  in  1862,  against  55,213,5541'.  (£2,208,542)  in  1861,  showing  a 
decrease  of  3,O()3,012i.  (£120,120).  On  the  Southern  of  France  to  33,572,8091'.  (£1,342,912) 
in  J1862,  against  30,063,li48f.  (£1,202,546)  in  1861,  showing  an  increase  of  3,509,161f. 
(£140,366).  On  the  Lyons  and  Geneva  to  6,911,6411'.  (£276,585)  in  1862,  against  7,026,795f. 
(£281,072)  in  1801,  showing  a  decrease  of  112,154f.  (£4,486).  And  on  the  Ardennes  to 
5,954,688!'.  (£238,188)  in  1862,  against  4,115,5201.  (£164,621)  in  1861,  showing  an  increase 
of  1,839,1681'.  (£73,567).  The  aggregate  receipts  for  the  year  1862  on  these  lines,  10,641 
kilometres  in  lenglh  (6614  miles),  amounted  to  465,332,813f.  (£18,613,312),  and  for  the 


year  1861,  on  9630  kilometres  (5985  miles),'  to  451,542,789f.  (£18,061,712),  with  an  in- 
crease oi  629  miles  and  of  13,790,024f.  (£551,601)  in  the  receipts,  of  which  increase, 
13,002,835f.  (£520,113)  was  on  2072  kilometres  (1288  miles)  of  new  lines  of  railway  in- 
cluded above. 

RAILWAY  ACCIDENTS. 

Railway  Accident  on  the  Beackwall  Line. — A  serious  accident,  unattended  with 
loss  of  life,  occurred  on  the  Bow  Extension  of  the  Blaekwall  Railway,  on  the  9th  ult.  A 
heavy  goods  train  was  sent  down  from  Camden-town|to  Haydon-square,  and  while  passing 
over  a  viaduct  not  far  from  the  Regent's-canal,  a  truck  near  the  centre  of  the  train 
got  off  the  rails,  and  dragged  all  behind  after  it.  The  couplings  held  with  more  than 
usual  tenacity,  and  the  waggons  became  heaped  up,  one  on  another,  in  inextricable 
confusion.  Before  the  engine-driver  discovered  the  accident,  and  could  bring  the  train 
to  a  standstill,  the  waggons  had  dashed  against  the  parapet  of  the  viaduct,  knocking 
down  a  large  part  of  the  brickwork,  and  some  portions  of  the  train  itself  went  over 
into  the  road  below.  There  was  a  great  destruction  of  property,  and  the  traffic  ':was 
stopped  for  the  greater  part  of  the  day. 

Railway  Accident  at  Preston. — On  the  night  of  the  4th  ult.,  an  accident  occurred 
on  the  Lancaster  and  Carlisle  Railway  Company's  line  at  Preston.  About  eleven  o'clock 
the  train  from  Scotland  and  the  North  of  England  to  London,  &c.,  which  was  due  at 
Preston  at  10.40,  but  which  had  been  delayed  on  the  road,  was  proceeding  along  the  line 
near  Maudland  Bridge,  when  a  goods  waggon,  which  had  been  placed  hi  a  coal  siding,  by 
some  means  broke  loose  and  ran  into  the  latter  portion  of  the  train,  smashing  four  or 
five  carriages  and  a  van,  and  seriously  injuring  many  of  the  passengers. 

Accident  at  the  (Crewe  Station. — The  passengers  by  the  Irish  "limited"  mail 
train  on  the  London  and  North- Western  Railway  had  a  very  narrow  escape  on  the  16th 
ult.  The  train,  which  is  due  at  Crewe  about  2'30  a.m.,  but  does  not  stop  there,  dashed 
though  the  station  at  its  usual  speed,  and  had  not  proceeded  very  far  beyond  the  bridge 
that  crosses  the  line,  when,  from  some  cause,  several  of  the  carriages  ra  off  the  line  and 
were  much  broken,  and  the  passengers  much  shaken,  but  none  were  seriously  injured. 

Destruction  of  the  Kidderminster  Railway  Station  by  Fire. — About  half-past 
twelve  o'clock  on  the  night  of  the  14th  ult.,  it  was  discovered  that  the  Kidderminster 
railway  station  of  the  West  Midland  line,  was  on  fire.  Ass  stance  speedily  arrived,  but  a 
sufficient  supply  of  water  could  not  be  obtained  for  the  engines,  which,  after  some  delay, 
made  their  appearance,  and  the  station,  telegraph  office,  and  all  Messrs.  Smith  and  Sons' 
books,  papers,  newspapers,  &c,  were  destroyed.  After  levelling  the  whole  of  the  station 
to  the  ground,  the  (lames  next  extended  to  the  refreshment  rooms  (which,  had  the  water 
heen  plentiful,  might  have  been  saved),  and  this  shared  the  same  fate  as  the  rest.  The 
telegraph  wires  were  also  destroyed. 

ACCIDENTS  TO  MINES,  MACHINERY,  &c. 

Fatal  Colliery  Accident  at  Leeds. — On  the  9th  ult.  an  accident  of  an  alarming 
character  took  place  at  the  Neville-hill  Colliery,  Leeds.  For  some  time  past,  workmen 
have  been  engaged  in  deepening  and  repairing  an  old  shaft,  and  at  the  time  of  the 
accident,  two  men  were  employed  upon  a  "  cradle,"  about  seventeen  yards  from  the 
bottom,  when,  without  the  slightest  warning,  the  sides  of  the  shaft  collapsed, 
breaking  down  the  scaffolding,  and  burying  the  two  men  beneath  from  eight  to 
ten  tons  of  debris. 

Colliery  Explosion  at  Aberdare.— An  explosion  took  place  in  the  Navigation  coal- 
pit at  Mountain  Ash,  on  the  7th  ult.  It  would  seem  that  there  was  no  night  shift,  for- 
tunately, and  only  a  relay  of  men  went  down,  after  the  day  men  ascended,  to  repair  the 
pit.  It  was  when  they  were  at  work  that  the  explosion  occurred.  Two  miners  only  met 
with  their  death,  the  remainder  being  soon  rescued. 

The  East  Cowes  Gasometer  exploded  at  four  o'clock  on  the  afternoon  of  the  28th 
January  last.  The  manager,  Mr.  G.  S.  Bellows,  and  a  son  of  the  steward  of  Parkhurst 
Prison,  were  killed.  [We  have  since  been  informed  that  it  was  not  the  gasometer,  but  the 
station  meter  which  exploded.] 

GAS  SUPPLY. 
Gas  Dividends. — The  Worcester  Gas  Company  have  declared  a  dividend  of  10  per 
cent,  for  the  past  half  year.  The  Chester  United  Gaslight  Company  have  also  declared 
the  same  dividend;  and  have  reduced  their  price  so  far  as  by  granting  2i  per  cent,  dis- 
count on  speedy  payments.  The  Stoke,  Fenton,  and  Longton  Company  have  declared  a 
dividend  of  S  per  cent.,  and  state  that  an  enlargement  of  their  works  has  become  neces- 
sary The  Collingham  Company  have  declared  6  per  cent.,  besides  a  reserve.  The 
Crowle  Gas  and  Coke  Company  have  declared  a  dividend  of  10  per  cent.,  leaving  a  balance 
in  hand.  The  Alnwick  Company  have  declared  a  dividend  of  10  per  cent.,  and  resolved 
to  reduce  the  price  of  gas  6d.  per  1000  cubic  feet,  making  it  5s.  per  1000. 

The  Manchester  Gas  Committee  have  recommended  the  following  reduced  scale  of 
charges  in  townships  beyond  the  city  on  the  near  side  of  the  Mersey,  viz. : — When  the 
quarterly  consumption  is  under  500,000ft.,  4s.  3d.  per  1000ft.;  500,000ft.  and  under 
1,000,000ft.,  4s.  2d. ;  1,000,000ft.  and  under  1,500,000ft.,  4s.  Id. ;  1,500,000ft.  and  upwards, 
4s.  In  the  district  beyond  the  Mersey  they  recommend  that  the  present  price,  4s.  6rf., 
should  be  continued. 

SEWERAGE  WORKS. 
The  Fleet  Sewer. — The  extensive  works  in  connection  with  carrying  the  Fleet  sewer 
over  the  eastern  curve  of  the  Metropolitan  Railway  at  King's-cross,  which  for  some  time 
has  been  in  course  of  construction  for  the  junction  of  the  Metropolitan  Railway  with  the 
Great  Northern  are  completed.  The  water  is  carried  through  an  iron  channel,  which  is 
let  into  the  top  of  the  arch  of  the  railway.  The  channel  is  40ft.  in  length,  8ft.  wide,  and 
9ft.  high;  and  so  important  was  the  work  considered,  that  the  Metropolitan  Board  of 
Works  sent  Mr.  Raehurn,  clerk  of  works,  to  superintend  its  construction.  Before  the 
water  was  allowed  to  pass  through,  the  channel  was  tested,  both  by  Mr.  Raeburn  and  Mr. 
Cordell,  the  manager  for  Mr.  Jay,  the  contractor.  The  weight  of'  the  test  was  no  less 
than  35  tons — a  far  heavier  weight  than  the  channel  will  ever  be  called  upon  to  bear; 
but  so  substantial  is  the  work,  that  the  deflection  was  found  to  be  only  one-eighth  of 
an  inch. 

CANALS. 
Irrigation  and  Canal  Works  in  India. — A  contract  has  heen  executed  by  the 
Governor  General  of  India  and  the  above  Company,  for  the  construction  of  their  scheme 
of  works  in  Orissa,  and  the  adjacent  districts  towards  Calcutta.  This  is  the  first  instance 
in  which  clauses  of  arbitration  have  formed  part  of  the  contract  between  the  Government 
of  India  and  a  private  company.  The  plans  and  estimates  of  a  canal  from  the  Hoogly  to 
Balasore,  95  miles  in  length,  are  now  complete,  and  its  construction  has  been  or  is  about  to 
be  immediately  entered  upon.  The  Government  view  this  line  from  Calcutta  to  Balasore, 
as  one  of  great  importance,  and  express  a  strong  wish  for  its  completion  as  quickly  as 
possible,  so  that  there  is  every  probability  of  the  work  prog.essing  very  rapidly. 

BOILER   EXPLOSIONS. 

The  Manchster  Association  foe  the  Prevention  of  Steam  Boiler  Explosions. — 
A  special  meeting  of  the  executive  committee  of  this  association  was  held  on  January 
20th,  1863  ;  in  order  to  take  into  consideration  a  retrospect  of  the  transactions  of  the 
association  during  the  past  year  of  1862 ;  when  Mr  L.  E.  Fletcher,  chief  engineer,  presented 
his  annual  report  relating  to  matters  of  an  engineering  character,  from  which  the  follow- 
ing lacts  are  extracted: — "  The  defects  discovered  in  boilers  are  mainly  of  two  classes 
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one  relating  to  their  construction  and  the  other  to  their  condition.  Under  the  first  head, 
namely,  that  of  construction,  196  recommendations  had  been  made,  which  are  as  follows : — 
In  153  boilers  the  internal  flue  tubes  have  been  recommended  to  be  strengthened  by 
hooping.  In  18  boilers  the  shells  have  been  recommended  to  be  strengthened  at  the 
steam  domes  bv  stays  of  angle  iron,  kc.  In  9  boilers  the  shells  have  been  recommended 
to  be  strengthened  at  the  ends.  In  16  boilers  the  load  on  the  safety  valves  have  been 
recommended  to  be  reduced.  Under  the  second  head,  namely,  that  of  condition,  85  de- 
fects have  been  discovered,  all  of  which  were  considered  dangerous,  they  are  asjfollows  :— 
Fracture  of  plates  and  angle  irons,  13;  blistered  plates,  1;  furnaces  out  of  shape,  12; 
corrosion,  37 ;  defective  safety  valves,  5;  defective  water  gauges,  9;  defective  blow-out 
apparatus',  7;  others  not  actually  dangerous,  but  still  unsatisfactory,  were  then  given, 
which  need  not  here  be  repeated.  The  report  then  went  into  a  detailed  consideration  of 
the  defects  discovered  under  each  of  the  above  heads  ;  some  of  the  remarks  on  corro- 
sion mav  be  given.  Corrosion  is  found  to  be  going  on  in  all  boilers,  more  or  less,  and  it 
will  be  seen  that  the  greatest  number  of  dangerous  defects  in  the  preceding  table  are 
to  be  found  under  this  head.  In  one  ease  a  boiler  set  upon  a  mid-feather  wall  loin, 
thick  had  a  channel  eaten  right  along  it  about  Sin.  wide,  which  ran  down  the  centre  of 
the  seating'  while  the  plates  at  the  edges  of  the  brickwork  appeared  quite  sound,  and 
the  danger 'consequently  passed  for  some  time  unsuspected.  In  a  second  instance,  with 
a  mid-feather  2!t.  wide,  the  plate  was  found  to  be  eaten  almost  through  from  nearly  one 
end  of  the  boiler  to  the  other — while  in  a  third,  where  lime  had  been  allowed  to  come  in 
contact  with  the  boiler  at  the  mid-feather,  the  plate  was  completely  pulverised  and  could 
be  carried  away  in  handfuls.  In  a  fourth  case,  a  vertical  tubular  boiler  had  been  placed 
close  to  a  wall,  one  part  being  in  actual  contact.  Damp  in  the  brick-work  set  up  cor- 
rosive action  in  the  plate,  which  being  concealed  by  the  position,  went  on  undetected 
until  the  metal  was  completely  eaten  through,  and  a  piece  blown  out  by  the  pressure  of 
the  steam.  The  original  plating  of  the  boiler  was  thick,  the  pressure  low,  and  the  cor- 
rosive action  local,  only  affecting  a  surface  of  about  12in.  square,  so  that  the  rent  did 
not  extend.  Examples  of  corrosion  might  be  multiplied  indefinitely;  enough,  however, 
has  been  said  to  show  the  importance  of  having  all  parts  of  the  boiler  accessible  to  ex- 
amination, the  flues  sufficiently  capacious,  and  the  searings  as  narrow  as  possible,  and 
also  of  having  the  brickwork  "removed  occassional ly,  at  all  events  in  places,  so  as  to 
ascertain  the  condition  of  the  plates,  since  to  conclude  that  the  parts  concealed  are  in 
the  same  condition  as  those  in  view  has  been  found  in  practice  to  be  fallacious.  Under 
the  head  of  explosion  it  was  stated: — It  is  to  be  regretted  that  no  means  exist  of  ascer- 
taining the  whole  number  of  steam  boiler  boiler  explosions  that  occur  throughout  the 
United  Kingdom,  and  there  can  be  no  donbt  that  many  are  never  recorded  at  all.  There 
are  known'  however,  to  have  occurred  during  the  last  year,  no  less  than  31 
explosions,,  from  which  at  least  S7  persons  have  been  killed,  and  83  injured.  Of 
the  number  of  lives  lost  by  some  of  the  above,  no  account  could  be  obtained;  while  from 
one  of  them,  as  many  as  29  persons  were  killed  and  12  injured;  from  a  second,  12 
were  killed  and  24  injured;  and  from  a  third,  6  were  killed  and  8  injured.  The 
following  list  fires  the  description  of  boiler  to  which  the  explosions  have  occured,  with 
the  number  of  each  class,  as  well  as  of  the  persons  killed  and  injured: — 4  haystack 
boilers— 12per*ons  killed  and  five  injured  ;  6  plain  cylindrical  egg-ended  boilers— (i  persons 
killed  and  II  injured ;  3  iron  works  boilers — 17  persons  killed  and  -tl  others  injured ;  3 

Slain  single-fined  cornish  boilers— 2  persons  killed  and  2  others'  injured ;  2  plain  double- 
ued  Lancashire  boilers — 1  persons  killed;  3  locomotive  boilers — 1  persons  killed  and  2 
others  iniured ;  1  agricultural  boiler  of  tubular  portable  construction— 1  persons  killed 
and  I  others  injured;  1  kitchen  range  boiler— 1  person  killed.  Also  8  other  boilers,  of 
the  construction  of  which  no  reliable  information  could  be  obtained,  but  from  the  explo- 
sion of  which  27  person*  were  killed  and  r>  others  injured.  An  analysis  of  the  causes 
Of  explosion  then  followed,  the  summary  of  which  only  can  be  given:— Of  31  explosions 
which  have  happened  during  the  year  li«2,  11  occured  to  externally  fired  boilers,  from 
failure  of  the  plates  expose!  to  the  action  of  the  lire  ;  3  resulted  from  internal  corrosion, 
anl  •')  from  external ;  in  addition  to  which,  1  were  due  to  improper  original  construction, 
if  water,  and  another  to  accumulated  pressure  through  want  of  a  safety 
valve;  while  7  occurred  at  a  distance  which  precluded  a  personal  investigation  of  their 
,  at  the  same  time  that  no  reliable  information  could  be  obtained  with  regard  to 
tli'-in. 

C'EMF.imTios  of  STr.F.r.. — An  invention  has  been  patented  by  a  gentleman  in  Paris, 

according  to  which  he  claims  the  application  of  wood  divided  into  small  parts,  men  as 

envelopes  of  certain  fruits  for  the  cementation  of 

the  pieces  ol  •  to  form  steel  suitable  for  the  manufacture  of  cutlery, 

res  of  wheels,  and  other  articles. 

MINES,  METALLURGY,  &c. 

i>    Mnrig. — The  number  of  lead  mini  In  Cornwall  in  1861  was   II;  in 

,n  hire,  1 1  ;  in  Cumberland,  70 ;  in   Northumberland  and  Durham,  39;  in  Westmorc- 
limil,  ii;  in  Cheshire,  I;  In  Shropshire,  9;  in  Yorkshire,  30;  in  Somersetshire,  1;  and  in 
(I  hire,  I  .  makin  .-  a  total   for  Kngland  of  .'.'1.     As  regards  Wales,  the  con 

work  in   1881 ;  Carmarthenshire, 3;  Denbighshire,  It:  .'lint- 
::  Pembroke  hire,  t;  Badaorahin,  2; 

il  1 17.     I  In-  l  l.    of  Man  at  the  »a time  had  -". 

tl  Ireland,  7;  making  a  to!  I  Kingdom  of 

i  compared  with  .'Isu  in  luflO.  and  20-1  in  1858.    The  quantity  of  ore  rai 
a  com-spondin  The  metallic  lead  produced  foro  this  aggregate  of  ore 

,  .in  ib81,  against  63,317  tone  in  I860,  and  68,238  tons  In  186ft 

,    -  Tl oiii;.  .    in    roim.l   0 

i,  1,010,000  in  1861,       '  is  in   I860,  Ml 

20,000  in  I860,  822,000  tons  in   1-.J.,,   . . 
,  in  1842,  and  71  In  1861.    The  production , 

>  ipared 

with  riod.     The  < 

kept  pace  with  the  production,  having  amounted  to '.17s,'"*!  ton  Compared 

with    I  In    IWl,  917,000  in   i860,  910,000  toni    in  1869,    -;:.'*"  m    1858,  810,000 

I  i.V,.  886,000 
in  1863,  680,000  to;  i.OOO  in  18 Jl.    The  consumption  last  year,  th' 

showed  i  .  or  irrj  ■    compared  with  186 

aving  bean  in  any  former  12  months,  nol  ng  the 

of  trade.      The   -lock,  however,  Increased   IOHOO0  Una   lasl    rear; 

»,    I  17, ■ 

Ions  in  1863,  un.l  80,000  tons  in  1861  j  in  1888  it  decreased   10.080 
in   1866,20,000;  m  1861,80000;  audio  1863,226,000;  ho'  Ii    wan 

tone  I 

I,  1831.     rhi  a  amounted  nxl  the  local 

imptlon  to  107,000  tons  ;  In  1881  the   hlpmenl 

tons;  in  i860  00  tons. and  tbs  local oonsjaBip< 

Hon  3  ,o,oi  hi  ton  i;  in  18  i9 
0  ton  ,  ;  iii  1M58  th- 
in  1857  the  shipments  were  628,000  tons,  and  the  la 
in  1-e.i;  the  ghipmi  n 
the  shipments  were  6-12,000  tons,  .in. I  tin-  local  consumption  300,000  tons;  in   l- 

ere  5-42,000  tons,  and  the  local  consumption  100,000  tons    In   1863  ths  ihrp> 

wcro  635,000  tons,  and  the  nptlnn  300,000;  In  1852  ths    hipn 

m  216,100;  and  in  lNJi  (be  shipments  were   1 
and  the  local  consumption  242,300  -  in  blast  last 


year  was  120,  as  compared  with  123  in  1861, 121  inlS60, 124  i  n  1859,  129  in  185S,  128  in 
1857, 117  in  1856,  117  in  1S55, 116  in  1S51,  111  in  1S53, 110  in  1S52,  and  lit  in  1851.  The 
increase  in  the  number  of  furnaces  in  blast  was  consequently  only  5'26  per  cent,  last  year, 
as  compared  with  1851,  while  the  production  increased  in  the  same  period  as  before  in- 
dicated 3935  per  cent. ;  this  discrepancy  is  to  be  attributed  to  the  large  increase  in  the 
results  obtained  from  each  furnace  of  late  years.  Notwithstanding  the  growth  of  the 
stock  the  average  price  realised  la*  year  was  53».  per  ton  as  compared  with  -19*.  3d.  per 
ton  in  1861,  53s.  6d.  per  ton  in  1S60,"51*.  9d.  per  ton  in  1851),  01*.  od.  per  ton  in  1858,  69s, 
3d.  per  ton  in  1857,  72s.  6d.  per  ton  in  1856,  70s.  9</.  per  ton  in  1S55,  79s.  8<7.  per  ton  in 
1854,  61s.  5(/.  per  ton  in  1853,  45s.  3d.  per  ton  in  1852,  and  40».  per  ton  in  1851.  The 
increase  experienced  in  the  demand  last  year,  and  the  consequent  firmness  in  prices  is 
attributed  to  the  large  demand  for  iron  for  shipbuilding  purposes. 

APPLIED  CHEMISTRY. 

Zisc  Wash  foe  Eooms. — Mix  oxide  of  zinc  with  common  size  and  apply  it  with  a 
brush,  like  lime  whitewash  to  the  ceiling  of  a  room.  After  this  apply  a  wash  in  the  same 
manner  of  the  chloride  of  zinc,  which  will  combine  with  the  oxide  "and  form  a  smooth 
cement  with  a  shining  surface. 

The  Presence  of-Arsenic  ix  the  So-called  Pure  Commercial  Hydrochloric 
Acid,  by  M:  Glenard. — So-called  pure  hydrochloric  acid,  sold  by  the  manufacturers  of 
chemical  products,  is  often  as  arseniferous  as  the  crude  acids.  Twice  has  M,  Glenoid,  at 
a  year's  interval,  examined  numerous  specimens  of  hydrochloric  acid  considered  as  pure. 
In  two  specimens  very  recently  examined  he  found  2'5  grammes  of  arsenious  acid  per 
kilogramme.  According  to  M.  Glenard,  the  presence  of  arsenic  in  hydrochloric  acid  may 
prove  very  injurious  in  the  preparation  of  certain  pharmaceutical  products.  It  is,  then, 
important  that  pharmaceutists  should  be  aware  of  this  fact,  and  abstain  from  employing 
hydrochloric  acid  which  they  have  not  previously  tested  carefully.  The  examination  is 
attended,  fortunately,  with  no  difficulty.  It  is  only  necessary  to  mix  the  acid  to  be  tested 
with  its  volume  of  a  solution  of  hydrosulphuric  "acid,  or  to  pass  into  it,  during  a  few 
minutes,  a  current  of  this  gas;  or,  better  still,  to  throw  into  it  a  few  morsels  of  artificial 
sulphide  of  iron.  Under  these  three  conditions,  the  acid,  if  it  contains  arsenic,  will  be- 
come troubled,  owing  to  the  separation  of  the  yellow  sulphide  of  arsenic.  But  how  to 
obtain  pure  hydrochloric  aci.l '?    M.  Glenard  proposes: — 1st.  The  dir-  I  ion  of 

this  acid;  2nd.  The  purification  of  commercial  acid.  In  the  direct  preparation,  the  firs,! 
step  in  to  ascertain  thai  the  sulphuric  acid  is  free  from  arsenic;  otherwise,  the  arsenic, 
transformed  during  the  preparation  of  the  hydrochloric  acid  into  very  volatil 
arsenic,  will  escape  with  the  acid,  and  with  it  become  condensed  in  the  water.  The  Brit 
thing  tc  i;  a  t;  climmat.  the  orosiit  freni  the  sulphuri,  add  Tl  dice  the-  the  MU3  S3 
diluted  with  half  its  weight  of  water,  and  to  it  is  added  a  little  hydrochloric  acid,  and 
then  a  current  of  hydrosulphuric  acid  gas  is  passed  into  it.    The  am  D  rates 

in  the  form  of  sulphide.  It  is  next  filtered  through  a  funnel  packed  with  amianthus, 
then  heated  in  a  capsule,  to  expel  the  excess  of  sulphurretted  hydrogen,  and  to  bring  it 
to  60°  of  Baunio's  areometer.  The  sulphuric  acid  thus  purified  is  employed  in  the  or- 
dinary way,  and  furnishes  perfectly  pure  hydrochloric  acid.  After  describing  the  simple 
and  ingenious  process  which  consists  in  disengaging,  by  means  of  concentrated  Sulphuric 

acid,  the  hydrochloric  gas  contained  in  commercial  acid,  and  in  condensing  this  gas  in 

distilled  water,  M.  Glenard  proposes  the  following  method  :  — Into  the  crude  acid  to  Ue 
purified  a  current  of  hydrosulphuric  acid  is  passed  until  all  the  arsenic  is  precipitated. 
The  sulphide  of  arsenic  is  separated  either  by  letting  the  acid  stand  or  by  filtering  it 
through  a  funnel  packed  with  amianthus.     Should  the  Altered  liquid  contaii 
sulphuretted  hydro-,  mimes  of  :i  concentrated  solution  of  pcrchlorldl    of  iron 

are  added,  which  destroys  the  hydrosulphuric  acid,  becoming  reduced  to  protocllloride. 
As  the  hydrochloric  acid  would  then  contain  only  fixed  matters,  it  could  then  be  rectified. 
Hydrochloric  acid  gas  is  displaced  by  means  of  sulphuric  acid  freed  from  arsenic. 

Process  for  Extracting  Sooa  from   Cryolite. —Take   eight    tons   of  cryolite   to 
eleven  tons  of  chalk  or  calcareous  stone,  and  pulverise  separately,  as  fine  as 
vertical  mill-stones,  and  sili,  still  separately,  through  movable  tammies;  then  mix,  anil 
re-grind   bj    vertical  mill-stone--.     1  I'm-  portion,  of  cryolite  and  chalk  remaining  to  the 
tammies  :ne  again  ground  and  sifted  separately,  then   mixed   and  re-ground  as  in  the 
lirst  Operation!)     The   mealy  powdet  produced  in   this  way  is  placed  in   hi 
strueted  for  the  purpose,  wherein  i:  is  baked  and  constantly  stirred  with  iron  instruments. 
During  baking,  the  material  must  he  carefully  watched,  to  prevent  it  from  lu- 
at  white   heat,  it,   is  taken   from  the  furnace,  and,  when  sufficient]]    cooled,  to  01 
through  an  iron  sifter  ;  the  lumps  win  agglutinated  during  the  hal.i  « 

icd.     (After  eight  days,  when,  Ironi  the  influence  of  the  air.  these  1 
lost  soi rtbeir  coherence,  they  are  ground  before  being  re-baked.)     i:      alclned 

product  is  sifted  and  put  into  waanuuj-tuha,  anil  boiling  water  poured  upon  it,  until  no 
more  soda  remains  to  he  extracted.     The  lixivium    is  conveyed  into  r.  uded 

to    receive  the  carbonic  acid  destined   for  the  saturation.     The    earbonatco 

directed  Into  i  the  bottom  of  which  clay  is  deposited.    After  clarification,  tie 

supernatant  liquid  is  pumped,  either  Ii  ting  pans,  to  he  reduced  to  Hie  porn! 

n\  he-  crystallisation,  or  In)  ■  calcining  vessels,  it  suit  ,,t'  soda  1-  to  be  |  rodnood. 

I,,  1. mined  ir.e  u-ed  to  cahine  the  mixture,  whence  it  is 

conducted    bj    canals    into   a  purifying   apparatus,  mid  thence  into  it,  raservoin  (iron 

cylinders;   the  boilers  of  a  stoanvvessol  will  answer  the  purpose.)     flu,  open 
during  which  three  ton,  of  coal  arc  burnt,  produces  175  kilng.  of  crystals  of  noda,  and 
16  kilog.  of  pur.-  alumina  per  100  Idlog.  of  cryolite.    Theoretically,  I 

ought  to  yield  304  kilo  and  M'kMag.  of  all 

used  i'u  manufacturing  alum,  rulphate  of  aiuinin.i,  alamtniw   of  soda, 

or  aluminium. 

U ni  .0   ih  , 

sulphate  of  lima  In  the  state  of  anhydrite,  gypsum,  1  aid  In 

dtj  in  the  mineral  kingdom 
striking  example  in  the  lowei     trati  of  the  department  ol  Sulphur! 

i and   odium,  »  hi  n    1    Delated,  are 

imo, and  on  the  other  chlorldo  ol    lodlutn.    It   will 
I  .mis  that  the  above  •<■'■' 
and  not  as  sulphate  of  soda  and  chloride  ol  calcium.    An 

ittemptad,    A  priori,  the  thing  ulo  when  the  operation  Is  ■  o-iiiniM 

OXclUSlVelj     to  tin--  \  dill,  lent 

mixture  of  these  I  rtaln  amot  Ide  ol 

1    always  produced.     In  this  o|»r.itiim  the 
led  M.  Nlckii 

||      1111.    ,.|    chloride  ol    .odium  i > V    till 

-  obtain  tin 

1      ,    ,,.  1  urt,  id.-  1  place :  the  dl  pi  u  Iblc 

-1  tie    mat  ilnhate    -l 

Thi 

obtain,   under  Ih- 

,m    quantity,    011    account    Ol    the    vol.  - Iiiiiii, 

I 

IS     ■   Ileete.l. 

CaJUIOSII     A.  in    «      is     \'.  1     .   1  1  'I".  .11 

Id    with   on,-  purl    attni 

breathing  II   lor  ton  mln  ■  W!l" 
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List  of  New  Patents. 


["The  Abttzaw, 
I    March  1, 1863. 


LIST  OF  APPLICATIONS  FOB  LETTERS 
PATENT. 

ws  have  adopted  "a  new  'arrangement  of 
the  Provisional  protections  applied  for 
By  Inventors  at  the  Great  Seal  Patent 
Office.  If  any  difficulty  should  arise 
1th  reference  to  the  names,  addresses, 
titles  given  in  the  list,  the  requi- 
site information  will  be  furnished,  free 
of  expense,  from  the  office,  by  addressing 
a  letter,  prepaid,  to  the  editor  of, 
"  The  Artizan."j 

Dated  January  27th,  1863. 

232  H.  H.  Hen  son— Fabrics. 

233  G.  Davies — Preserving  provisions. 

234  W.  Gilpin  8s  J.  Hiatt— Fastenings  of  umbrellas 
and  parasols. 

235  C.  F.  Ash— Cornices,  joints,  and  laths  of  bed- 
steads* 

236  C.  Askew— Railway  chair  and  joint  for  rails  on 
railways. 

237  W.  Rollason— Metallic  boxes 

238  R.  A.  W.  Green— Lii.-ht  rowing;  boats. 

239  J.  Edmondson  &  T.  Ingram— Looms  and  ap- 
paratus for  weaving. 

240  T.  Gordon  —  Damping:  and  affixing  postage 
Btamps  to  letters. 

241  D.  E.  Hughes— Apparatus  for  effecting  tele- 
graphic communications. 

242  W.  C.  Wil  kins— Lamps. 

[  Dated  January  28th,  1863. 

243  H.  B.  Barlow— Preserving  timber. 

244  H.  "Watson — Heating  arrangements  of  stoves 
for  drying  woven  fabrics. 

245  T.  Parkinson — Carding  engines 

246  "VV.  E.  Gedge — Fastening  by  screws  boots,  shoes, 
and  other  articles  composed  of  leather. 

247  E.  F.i  Prentiss  &  J.  C.  Sellars— Treating  rock 
oil,  petroleum,  paraffiue  oil,  coal  oil,  and  paraffine 
and  other  mineral  oils  and  products  therefrom. 

24S  J.  Oglesby,  J.  Dickinson,  W.  M.  Dickinson,  & 
J.  Dickinson — Steaming,  cooking,  and  geueraing 

249  H.  O.  Cook  &  E.  G.  Terrey— Propelling  ships 
and  vessels. 

250  C.  Mace— Steam  engines  for  propelling  vessels. 

251  R.  Ward — Locking-up  or  fastening  forms  of 
type  or  other  prin'iug  surfaces. 

252  F.  W.  Wymer—  Steam  engines. 

253  J.  Platt^Rotatory  engine. 

254  W.  Comsbee — Cylindrical  chromo-lithogrnphic 
printing  machines. 

255  S.  "W.  Francis — Revolving  shutters 

256  W  Clark — Copying  and  reproducing  sculpture 
and  other  objects  of  ait 

257  J-  H.  Johnson — Braid. 

258  C.  P.  Stewart  So  J.  Robinson— Giffard's injector, 
and  the  adaptation  of  it  to  locomotive  and  other 
boilers. 

259  E.  G.  Muntz — Securing  axles  and  axle  boxes. 

260  H.  Crichley — Reaping  and  mowing  machines. 

261  B.  J'AnsonBromwich — Obtaining  and  applying 
motive  power. 

Dated  January  29th,  1863. 

262  H.  A.  Bonneville — Construction  of  granaries. 

263  T.  A.  "Weston— Coupling  and  break  for  trans- 
mitting  regulating,  or  arresting  motion. 

264  J.  B    E.  Louit— Glass  chimneys. 

265  J.  Mackenzie — Shaping  machines  for  curvilinear 
surfaces. 

266  R.  A.  Brooman — Candles. 

267  J.  Pouncy— Obtaining,  transferring,  and  print- 
ing from  photographic  pictures  or  images. 

268  W.  Ball  &  J.  Wilkms-Looped  fabrics. 

269  J.  Nadal— Fountains. 

^70  N.  Clayton  *t  J.  Shuttleworth  —  Thrashing 
mp  chines. 

271  C.  H.  G.  Williams— Red  colouring  matter. 

272  A.  Pritchard  —  Preserving  the  contents  of 
packages  from  air,  water ,:  or  damp. 

273  G.  Blake — Apparatus  for  heating  and  warming. 

274  W.  Clark— Condensation  of  steam. 

275  J.  Sainty — Feeding  troughs  fur  sheep  and  other 
ca'tle. 

276  F.  G.  Stuber — Air-tight  boxes,  cases,  cupboards, 
_  and  similar  vessels. 

Dated  January  30th,  1863. 

277  J.  W.  Branford — Longitudinal  and  transverse 
hoe. 

27S  W.  E.  Gedge— Cleansing  chimnies  and  other 
flues. 

279  W.  E.  Gedge— Cones  for  moulding  refined 
suaar. 

280  J.  Cocker— Turnstile. 

281  N.  P.  C.  Lloyd— Engines. 

282  W.  E.Newton— Couplings  for  railway  carriages 

283  W.  E.  Gedge— Hair  nets. 

Dated  January  31st,  1S63. 

284  M.  Smith— Looms  for  weaving. 

285  J.Lightfoot  &  F.  Trachsel— Distillation  of  cer- 
tain substances. 

286  T.  Bennett— Obtaining  pictorial  back-grounds, 
fore -ground  s,  and  perspectives  when  taking  pho- 
tographic portraits  or  sun  pictures. 

287  J.  Grossmith—  Producing  the  aura  electric  gas* 

288  F.  Tolhausen— Cleaning  the  beams  of  mules 
and  spinning  frames,  collecting  the  dust  and 
waste  thereof,  and  also  for  cleaning  the  flooring 
underneath  the  mule  carringes. 

289  W.  Drummond— Stopping  the  supply  of  ga3  to 
burners  when  the  light  is  put  oat. 

290  W.    A.    Lyttle — Cigar  and   tobacco   smokiu"- 
^  uppliances. 

91  E.  B.  Wilson— Supplying  nir,  gases,  steam,  or 
,    fluids  to  iron  ami  other  furnaces,  and  to  engine 
unit  vessels. 


Dated  February  2nd,  1863. 

292  F.  G.  Grice — Bolts,  spikes,  rivets,  and  screw 
blanks. 

293  E.  H.  Massey — Compositions  for  coating  and 
colouring  the  walls,  ceilings,  and  other  parts  of 
buildings. 

294  J.  Gibson — looms  for  weaving. 

295  A.  FBrbes— SJdering  together  parts  of  vessels 
formed  of  tin  or  tiuned  plate. 

296  W.  C.  Barnes— Shaping,  rolling,  or  compressing 
metal. 

297  H.  H.  Frith— Paper. 
293  E.  B.  Wilson— Gas. 

299  W.  Clark— Armour  plated  and  other  ships. 

Dated  Februaisv  3rd,  1863. 

3f0  C.  &  G.  L.  Smithies— Preparing  and  bleaching 

Rhrea. 
T01  T.  Raworth— Looms  for  weaving. 
£02  G.  Holeroft— Preparing  cotton  tor  spinning  and 

weaving. 

303  S.  Oddy  &  E.  Oldfield— Carding  engines. 

304  J.  Fletcher— Injector  for  feeding  boilers  with 
water. 

305  A.  T.  Blakely  &  J.  Vavasseur— Projectiles  fur 
ordnance. 

306  T.  L.  Jacobs— Cleaning  casks. 

307  "W.  G.  Valentin  &  F.  Lsvick— Generating  com- 
bustible gases. 

308  W.  E.  Newton— Reflectors. 


Dated  February  4th,  1363. 

309  G.  Harton— Wood  paving. 

310  J.  Mellor— Distilliug,  subliming,  and  drying. 

311  T.  E.  Tallent— Leather. 

312  T  Bradford — Washing,wringing,  and  mangling 
clothes. 

313  G.  Hnsel  tine— Uniting  metallic  surfaces. 

314  G.  T  Bousfield— Postage,  revenue,  and  other 
stamps,  and  apparatus  for  post  marking  and 
cancelling  postage  and  other  stamps. 

315  J,  J.  Hays— Hot-air  stove  for  purifying  or  filter- 
ing- the  sraseous  products  of  combustion. 

316  L.  J.  H.  Marville — Covering  for  the  ears. 

317  Z  M.  Parkes — Iron  and  other  metal  bond  for 
use  in  building, 

318  W.  T.  Weston,  Spring  Catch  for  windows,  etc. 

319  B.  Russ— Iron  ships  or  vessels. 

320  C.  &  D.  Faulkner,  J.  Fairley  8s  W.  C.  Stiff- 
Gun  barrels. 

321  J.  A.  Mann  in  2-— Treatment  of  night  soil. 

322  W.  Stokes— "Window  sashes. 


Dated  Febuuary  5th,  1863, 

323  "W.  T.  Mabley  &  W.  T.  Cheetham— Blowing 
organs. 

324  J-  Gill  &  J.  Parkin — Polishing  yarn,  twine, 
and  threads. 

325  W.  Betts  —  Applying  metallic  capsules  to 
bottles. 

326  H.  Dircks  &  J.  H.  Pepper— A ppara»us  for  the 
exhibition  of  dramatic  and  other  performances. 

327  E.  Ingham— Dyeing  wool  in  the  sliver. 

328  R.  A.  Brooman — Supplying  and  spreading  wool 
and  other  filamentous  materials  on  belts,  tables, 
and  other  surfaces,  to  be  afterwards  carded  and 
otherwise  acted  on. 

329  J.  Paterson — Buckle  and  hook  fastenings. 

330  R.  A.  Brooman — Tuning  pianofortes. 


Dated  February  6th,  1863, 

331  B,  F.  Bates — Cannon  and  projectiles  to  be  used 
therewith. 

332  A.  Heintzmann  &  T.  A.  Rochussen— Boring 
bench  for  gun  bairels. 

333  T.  Blakeley  &  B.  Meakes— Lead  and  stone  pencil 
sharpener. 

334  A.  Johnston — Propulsion  of  vessels. 

335  G.  Stevens— Effecting  a  regulur  supply  of  nir 
or  aeriform  fluids  for  various  purposes. 

336  A.  Clarke— A.Clarke— Knife-cleaning. 

337  R.  A.  Brooman — Carding  engines. 

338  W.  Robins— Fire  lighters. 

339  J.  Price— Signal  lanterns. 

340  R.  D.  Tivnann— Holster  boxes. 

341  A.  Ellissen — Treating  sheeting  and  iron  plates. 

Dated  Febri'ry  7th,  1863. 

342  J.  Cameron— Iron  and  alloys  of  iron. 

343  J.  Si  ion— Medicinal  preparation  for  internal 
and  external  application. 

344  J.  Mallison — Dyeing  yarns. 

345  G.  Turner — Mincing  meat. 

346  W.  T.  Cooper— Distilling  apparatus. 

347  C.  Parigot  &  A.  Grivel— Eccentric  locks. 

348  W.  Clark— Application  of  gas  for  the  prepara- 
tion of  wood  work  generally  and  iron  ships  for 
their  better  preservation  and  reception  of  paint  or 
other  protecting  coating,  and  lor  disinfecting 
ship?,  hospitals,  and  other  places. 

349  J.  James — Covering  for  hooped  skirts. 

350  J.  Miller  &  W.  Struthers— Securing  the  corks, 
stoppers,  or  lids  of  jars  and  bottles. 

351  M.  Hackforth— Shades  or  reflectors. 

352  G.  Redrup— Cutting  chives,  bungs,  corks,  spiles, 
and  vent  or  other  pegs. 

353  D.  Groucutt— Iron  (Or  making  nails. 


Dated  February  9th,  1863. 

354  B.  Dobson  &  E.  Barlow— Cardin"'  engines. 

355  H.  G.  Williams^  &  R.  Price— Crushiug  and 
amalgamating  nuriferous  quartz,  and  pulverizing 
and  washing  ores. 

356  J.  Macintosh— ObtaJDing  and  applying  motive 
power. 

357  D.  Lw  &  J.  Downie — Traction  engines  or  com- 
mon road  locomotives. 

358  J.  Goucher— Regulating  the  admission  of  air 
into  the  furnaces  of  steam  boilers. 

359  H.  &  J.  Smith— Depositing  seed  and  manure. 

360  W.  B.  Rooff— Respirator. 


Dated  February  10th,  1863. 

361  J.  Crosby  &  J.  B.  Smith — Carding  engines. 

362  T.  Hill— Piotection  of  markers  at  rifle  butts. 

363  R.  Burley  — Handles  for  hammers,  mallets, 
picks,  and  mattocks. 

364  M.  WigzelU- Candles,  tapers,  and  other  lights. 

365  M.  Curtwright— Combining  plastic  substances 
with  metals. 

366  J.  F.  Bottom — Dressing  lace. 

367  W.  Whitaker  &  W.  Tongue— Steeping,  boiling, 
washing,  bleaching,  and  dyeing  fibrous  materials 
or  slivers,  slulbings,  rovings,  yarns,  or  woven 
fabrics  of  the  same. 


Dated  February  lhh,  1S63. 

368  A.  Corneau — Hot-air  stove. 

369  H.  Donald — Shearing,  punching,  and  riveting 
raeta's. 

370  E  T.   Hughes — Drilling  wood,   stone,  iron,  or 
other  materials. 

371  J.  Duck  worth— Paper. 

372  D.  Radcliffe— Valve  taps. 

373  C.  P.  Carter— Hoa-i  making. 

374  R.  Saunders— Pavements  and  floors. 

375  W.  Symiugton— Weaving. 

37G  R.  A.  Brooman — Photographic  apparatus. 

377  E.  Humphrys— Steering  ships. 

378  H.  Wycherley — Applying  wings  or  dirt  screens 


Dated  February  I2th,  1853. 

379  F.  Oppenheim— Plasiic  compounds  for  dental 
purposes. 

380  E.  Kemp,  J.  Needham,  &  O.  Robinson— Self- 
acting  mules  for  spinning. 

3S1  A.  Morton — Lawn  mowing  machines. 

382  W.  Clark — Bearing  surfaces  of  shafts  and  other 

383  S.  H.  Phillips — Fastening  for  purposes,  porte- 
mounaies,  pocket  boi  ks,  bags,  reticules,  and  such 
like  purposes. 

384  S.  Lumb — Machinery  for  tenoning,  grooving, 
sawiug,  and  otherwise  cutting-  wood. 


Dated  February  13th,  1863. 

385  G.  H.  Birkbeck— Extracting  silver  or  other 
metals  from  lead. 

386  S.  M.  Innes— Pianofortes 

387  W.  E.  Gi-'d^e — Table  apparatus  for  promoting 
the  comfort  of  persons  at  sea. 

388  J.  Jones — Lead,  tin,  and  other  metals. 

389  J.  F.  Spencer— Steam  eugims. 

390  J.  Robertson  —  Printiug  woven  fabrics  by 
blocks. 

391  J.  Grantham — Hydraulic  presses. 

392  W.  Robertson — Machines  for  spinning  and 
doubling. 

393  G.  AViigley  &  S.  Morris — Machines  for  spinning 
and  doubling. 

394  O.  H.  Hodge— Hat  brims. 

i.95  J,  A.  Schlumberger — Heating  coal  tar  dead 
oils,  nnd  for  producing  pheuicor  carbolic  acid. 

396  S.  Whitaker — Indicating  the  positions  or  con 
ditions  of  railway  signals  and  points. 


Dated  February  14th,  1863. 

^97  G.  Haseltiue — Lever  horse  powers. 

^98  R.  Bagaley— Creels  for  warping  machines. 

399  J.  C.  Jeffcott — Production  and  generation  of 
gases, 

400  W.  C.  Paul  &  A.  T.  Shore— Spring  mattresses 
and  other  articles  for  sitting  and  reclining  upon. 

401  J.  S.  Gisborne  &  "W,  Simpson— Rendering  ships 
and  other  compasses  insensibletolocnlattraction. 

402  H.  Dembinski — Motive  apparatus  and  processes 
for  giving  to  it  a  continuous  motion  and  unlimited 
strength. 

403  W.  liaylis  &  T.  H.  Hop  wood— Tongs. 

404  W.  "Wood — Cutting  screws  or  threads. 

405  J.  Lewis — Driving  sewing  machines. 

406  J.  H.  Walsh — Breech-ioading  fire  arms  and 
cartridge  cases. 

407  T.  Thorne— Disengaging  ships'  boats. 

408  W.  Clark— Separating  the  fibres  of  straw, 
wood,  and  other  vegetable  substances,  and  ex- 
tracting the  gummy  and  colouring  matters  there- 
from . 

409  A.  J.  Frnser— Window  furniture. 

410  J.  &  H.  Higgins— Carding  engines. 

411  F.  E.  Walker— Breech-loading  fire-arms. 

412  J  Morgan — Embalming  and  preserving  from 
decay  human  bodies  and  bodies  of  other  animals, 
also  pickling,  curing,  and  flavouring-  animal 
bodies.  ° 

413  J .  H.  Johnson — Wrought  iron  casements. 


430  J.  Gunson— Punchiug  or  cutting  ont  leather  and 
other  substtmcea. 

431  E.  Devi  He— Floating  or  life  preserving  coats  or 
garments. 

432  J.  Durant — Chimney  tops. 

433  G.  Home— Projectiles. 

434  J.  W.  Lnne— Fastenings  for  studs,  sleeve  fas- 
teners, solitaires,  bracelets,  brooches,  and  other 

435  S.  Pluchart— Food  for  horses. 

436  H.Tomlinson — Stoves  or  fire-places  forwarminc' 
apartments.  b 

437  D.  Tassin— Preventing  the  explosion  of  steam 
boilers. 

438  E.  Strawson— Finishing  with  greater  facility 
articles  of  dress  manufactured  either  by  hand  or 
sewitg  machines. 


Dated  February  18th,  1863. 


4<>9  G.K.Geyelm— Perfect combustionof the  rarionq 
cc  mponents  of  coal  in  open  fire-places. 

440  M.  Siegrist— Atmospheric  brake. 

441  J    Ba.kerandF.  Moss-Portable  and  stationary 
crahs  or  cranes.  * 

442  J.    K.   Spencer— Regulating   and  workin*- 
valves  ot  steam  and  other  engines 

443  J.  H    Ely— Cooking  stoves. 

444  F.    Johnston    and    R.     Heatley  _  Looms 
weaving. 


the 


for 


from  seeds. 

!«  V  ■  TT-Ili<»'sS2d-»reech.]oadinj?  fire  arms. 

447  J-.J.  Reeo — Traversing  guns. 

448  G.T.  Bousfield— Boots  and  shoes,  and  prenarin*- 
india-rubber  for  such  and  other  uses  p        ° 

449  J.  Puntis  and  G.  Cox-Appliances  for  display, 
ing  m  the  o^u  air  or  indoors  illumimted  designs 
devices,  mottoes,  or  announcements,  and  in  which 
a-ent*   ***  ***  employed    as    lhe    illuminating 

450°J  Gray  nnd  J.  Hudscn-Trtatment  of  steatite 
and  its  application  to  certain  purposes. 


451  R. 

ehicl 


Dated  February  16th,  1863,  £* 

414  M.  Ohren— Self-acting  gas  holders. 

415  J.  W.  Crossley— Drying  press  papers. 

416  C.  D.  Abel— Omnibus. 

417  W.  C.  McEntec  &  G.  and  T.  Withers— Locks. 

418  J.  B.  Watts— Matchets  and  swords. 

419  H.  Smith— Feeding  horses. 

420  R.  A.  Brooman— Protection  for  steel  and  other 
metal  springs,  ribbands,  and  hoops. 

421  W.  Jackson— Pumps. 

422  J.  H.  Haywood  &.  W.  Vernon— Packing  bonnet 
fronts,  and  rouches. 

423  S.  W.  Clough— Signalling  on  railways. 

424  W.  Nalder— Rotatory  screens. 

425  T.  Wilkinson — Singeing  pigs. 


Dated  February  17th,  1863. 

426  T.  W.  Salmon^Washing  machines. 

427  J.  Lee— Ploughs  and  harrows, 

428  w.  T.  Dibb— Brewing. 

429  W  C.  Ford— i'addle-wheeia. 


Dated  February  19th,  1863. 
P.  Roberts— Axle  boxes  for  carriages    or 

.2  l\  Mark-land  and  J.  C.  Dickinson— Warping  or 
beaming  yarns  or  threads.  ° 

453  W.  Sherwood— Wine  gla  ses 

454  L.  A.  Pouget— Oil  lamps 

455  R  Pinknev— Metallic  pens. 

4?t  w-J"'r2fld**rt~'PJf-?aTatMn  of  cott»nseed  cake. 

457  vv.  lrustruin— Oiled  silk. 

458  N.  Thompson— Shaping  bottles,  jars,  and  other 
vessels. 

Dated  February  20th,  1863. 

459  H.  B.  Barlow— Wearing. 

460  W.Marsden— Envelopes. 

461  W.  Marsden— Buttons. 

462  C.  Billingsley— Saddltry,  harness,  and  driving- 
straps.  °  - 

463  J.  Bentley  and  H.  Booth— Looms  for  weaving 

464  C.    W.    Siemens— Insulating    and    suppoitine- 
telegraph  line  wires.  B 

465  \v.  Hainsworih—  Cast  iron  pipes,  columns    or 
any  description  of  tubing. 

466  R.   Bell— Armour  plating  for  protecting  shins 
and  vessels.  r 

467  W.  Clark— Boilers  fcr  disintegrating  and  pulp- 
ing vegetable  substances. 

468  W.  Clark— Projectiles  for  ordnance. 

469  F.    W.    Benuaorf—  Governors    for     regulating- 
steam  engines. 

470  W.    Husband  and   J.   Quick— Raising   sewage 
and  water. 


Dated  February  21st,  1863. 

471  CMalpas— Kilns  forfiring, burning,  or  baking 
pottery,  bricks,  tiles,  and  other  earthen  or  ceramic 
articles. 

472  R,  Thompson — Moulding. 

473  H  .KiJshaw  and  T.E Ice— Preparing  and  doubling 
cotton. 

474  F.  J.  Mauceaux— Fire-arms. 

475  E.  T.  Hughes— Treatment  of  colouring  matters 
derived  from  tar  for  the  purpose  of  making  them 
applicable  lor  painting. 

476  R.  V.  Dod well— Preventing  the  destruction  of 
plants  by  insects. 

477  A.H.  Remond — Preserving  provisions. 

478  A.  Ceileur— Taking  photographic  impressions 
or  likenesses  by  means  or  the  camera. 

479  W.  Wood— Pomfret  or  liquorice  cakes,  rolls, 
sticks,  and  pipes. 

480  H.  Mackinder— Separating  potatoes  into  diffe- 
rent sizes. 

481  J.  Brown — Armour  plates  for  ships. 

482  A.  Dugdale— Throttle  valves. 

48i  W.  E.  Newton— Wind  instruments  of  music. 

484  N    Wiard — Ordnance  and  attillery. 

485  Wr.  H.  Gauntlett— Heating  the  blast  in  the 
manufacture  of  iron. 

466  E.  T.  Hughes— Cleaning  organic  matter. 

487  J.  Eckersley— Spinning  and  doubling  silk. 

488  R.  A.  Brooman— Dressing  millstones,  ornament- 
ing or  engraving  on  glass,  pottery,  and  other 
similar  substances. 

489  J.  P.  F.  Datichv— Steam  engines. 

490  J.  D.  and  A.  P.  Welch— Blocking  and  pressing 
hats  and  bonnets. 

491  R.  Murtindale — Lamps  and  burners. 

492  T.  R.  Harding—Carding  and  combing  flax, 
wool,  and  cotton. 

493  T.  and  A.  L.  Dickens  and  H.  Heywood—  Orna- 
menting plush. 

494  J.  Tiitham— Preparing  cotton  and  other  fibrous 
materials  for  spinning. 

495  J.  Erwood— Producing  imitation  gilding  in 
paper  hangings. 
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A    CRITICAL    AND    HISTORICAL    REVIEW   OP    LOCOMOTIVE 

ENGINEERING. 

By  J.  J.  Bieckei. 

{Illustrated  ly  Plates  238  and  239.) 

{Continued  from  page  56.) 

We  should  here  observe  thab  Dr.  Rankine,  in  his  work  on  "Prime 
Movers,"  also  shows  that  the  motion  of  the  valve,  as  derived  from  the 
link,  may  always  be  referred  to  a  single  eccentric ;  and  the  method  which 
he  gives  for  defining  the  throw  and  position  of  that  eccentric  for  any 
point  of  the  link  is  very  nearly  identical  with  that  given  in  the  last 
number  of  the  Abtizan.  There  is,  however,  this  difference,  viz.,  that  the 
rule  given  in  the  work  on  "  Prime  Movers "  does  not  provide  for  the 
obliquity  of  the  eccentric  rods. 

Having  thus  completed  our  study  of  the  steam  distributing  apparatus, 
we  now  proceed  to  treat  of  the  remaining  questions  appertaining  to  the 
steam  engine  proper,  the  first  of  which  being  those  which  relate  to  the 
apparatus  for  the  transmission  of  power,  namely,  the  piston,  the  piston 
rod,  the  connecting  rod,  the  crosshead,  and  the  slide  bars  :  and,  in  order 
to  render  our  review  as  complete  as  possible,  we  will  cast  a  rapid  glance 
at  the  construction  and  the  proportions  of  each  of  these  parts. 

The  duty  imposed  upon  the  piston  is  to  retain  the  steam  in  its  front, 
while  the  latter,  by  virtue  of  its  expansive  force,  causes  the  former  to 
perform  its  alternate  backward  and  forward  motion.  Any  leakage  occurring 
between  the  body  of  the  cylinder  and  the  packing  of  the  piston  gives  rise 
to  a  twofold  loss ;  it  is  a  direct  loss  of  power  through  waste  of  so  much 
steam  from  which  no  duty  is  obtained,  and  it  is  an  indirect  loss  of  power 
through  increase  of  back  pressure.  At  the  same  time,  a  piston  packing 
may  be  made  so  tight  as  to  absorb  the  greater  part  of  the  power  of  the 
engine  by  friction,  and  here,  therefore,  is  a  problem  essentially  experi- 
mental in  its  nature,  the  satisfactory  solution  of  which  is  of  the  highest 
importance.  Piston  packings  may  generally  be  divided  into  three  kinds, 
namely : — 

1st.  Those  which  are  made  tight  by  means  of  springs. 

2nd.  Those  which  are  intended  to  be  made  tight  by  the  pressure  of  the 
steam  itself. 

3rd.  Those  which  are  tight  by  virtue  of  their  own  elasticity. 

Pistons  and  packings  of  the  first  kind  are  illustrated  by  Figs.  1  to  5 
(Plate  238),  among  which  Fig.  1  is  Goodfellow's  patent,  we  believe  one  of 
the  oldest  in  use;  its  construction  is  very  simple,  and,  being  made  wholly 
of  cast  iron,  it  is  very  cheap;  Fig.  2  is  Critchley  and  Piston's  patent,  and 
the  others  (Fig.  3,  4,  and  5),  so  far  as  we  know,  are  public  property. 

Those  of  the  second  variety  (Wakefield's  patent)  are  illustrated  by 
Figs.  6  and  7  ;  here  small  holes  admit  the  steam  upon  the  back  of  the 
packing  where  it  is  expected  sufficient  pressure  will  be  applied  to  make 
the  packing  tight ;  but  we  are  of  opinion  that  when  these  pistons  have 
been  found  to  be  steam  tight  it  was  only  by  virtue  of  the  elasticity  of  the 
packing  itself. 

For  the  two  first  varieties  of  pistons  (Figs.  1  to  7)  the  body  is  generally 
of  cast  iron,  keyed  or  screwed  upon  the  piston  rod,  and  the  packing  made 
of  brass ;  sometimes,  however,  the  piston  rod  and  the  body  of  the  piston 
are  forged  solid  in  one  piece,  with  the  especial  object  of  reducing  the 
weight.  This  arrangement  is,  however,  open  to  one  very  serious  draw- 
back, which  militates  against  its  general  adoption,  for,  whenever  the 
piston  rod  breaks  or  is  permanently  injured  so  as  to  require  renewing,  the 
piston  itself  must  be  renewed  also,  and  the  expense  of  repairs  is  thereby 
greatly  increased. 

Among  pistons  of  the  third  kind,  Fig.  8  illustrates  Mr.  Ramsbottom's 
patent,  in  which  the  body  is  made  of  cast  iron,  keyed  upon  the  pilton  rod, 
there  being  three  steel  rings  ,'•„  broad  let  into  the  body,  and  forming  the 
packing.  The  adoption  of  this  design  of  piston  was  neist  unquestionably 
one  of  the  boldest  attempts  made  at  the  simplification  of  the  working 
details  of  the  steam  engine,  but  we  can  also  say  that  its  success  is  as  complete, 
as  it  must  have  been  unexpected  to  many.  We  have  seen  cylinders  worn 
almost  as  bright  as  a  mirror  by  the  use  of  this  piston  without  showing  a 
single  scratcli,  and,  as  it  has  been  at  work  now  for  some  seven  years  with 
similar  results,  this  is  ample  proof  of  its  efficiency  ;  taking  also  into  con- 
sideration its  great  simplicity  and  cheapness,  we  think  that  it  should  ere 


long  find  its  way  into  general  use.  The  secret  of  its  tightness  seems  to 
us  to  be  satisfactorily  explained  in  the  opinion  advanced  by  some  engineers, 
that  a  thin  iing  of  condensed  steam  maintains  itself  between  the  walls  of 
the  cylinder  and  the  piston,  and  serves  to  act  as  a  packing ;  for,  if  this 
be  really  the  case,  the  construction  of  the  piston  under  consideration  is 
evidently  correct,  since  the  two  spaces  between  the  three  rings  afford  room 
for  two  such  annular  packings  of  condensed  steam.  Another  description 
of  piston  of  the  third  kind  is  Mather's,  with  helical  packing  ;  it  is,  how- 
ever, only  used  in  stationary  engines,  where,  we  believe,  it  is  found  to 
answer  very  well. 

Piston  rods,  until  very  lately,  were  generally  made  of  Yorkshire  iron, 
and  in  some  instances  have  been  casehardened ;  they  are  now,  however, 
very  frequently  made  of  steel ;  and  should  Krupp's  cast  steel  become  much 
cheaper,  we  do  not  doubt  that  they  will  then  be  made  of  steel  invariably, 
though  their  diameter  will  not  be  much  reduced  on  that  account.  We 
shall  not  attempt  to  give  rules  or  formula;  for  defining  the  diameter  of 
piston  rods ;  but  in  the  table  below  we  give  a  series  of  dimensions  of  piston 
rods,  with  corresponding  diameters  of  cylinders,  from  the  actual  practice 
of  various  makers. 


Designation  of  Engine,  and  JIaker. 

Diameter  of 
Cylinder. 

Diameter  of 
Piston  Kod. 

inches. 
17 
16 
18 

16 
12 
16 
17 
16 
17 
16 
18 

inches. 
2f 

a* 

2i 

a 

24 

af 

M'Conncll's  Wolverton  Goods  

Connecting  rods  are  generally  illustrated  by  Figs.  9  and  10,  Plato  238, 
and  Figs.  1,  2,  and  3,  Plate  239  ;  Fig.  9  being  that  for  outside  cylinder 
passenger  engines ;  Fig.  2,  Plate  239,  that  for  inside  cylinder  goods 
engines,  as  made  by  Mr.  Ramsbottom;  Fig.  10,  Plate  238  is  the  connecting 
rod  as  made  by  Messrs.  Fairbairn  in  their  common  passenger  engines  and 
Fig.  1,  Plate  239,  that  of  Sharp's  heavy  goods  engine  "  Sphynx."  The 
smallest  area  of  the  rod  proper  is  generally  a  little  larger  than  that  of  the 
piston  rod,  and  increases  gradually  towards  the  crank  end.  Connecting 
rods,  and  more  especially  coupling  rods,  are  now  generally  made  Hat  rather 
than  round  in  section,  on  account  of  their  greater  elasticity,  and  of  the 
greater  facility  possessed  by  them  to  yield  when  passing  round  sharp  curves, 
or  when  they  have  to  sustain  and  transmit  severe  concussions,  either  from 
unevenncss  of  the  road,  or  from  sudden  reversal  of  the  engine.  The 
brasses  at  the  crank  end  are  now  generally  lined  with  Babitt's  metal,  which 
has  the  advantage  of  keeping  very  cool  during  long  journeys  and  at  great 
speeds. 

Crossheads  and  slide  bars  for  outside  cylinders,  used  h\  Mr,  Ramsbottom 
for  inside  cylinders  also,  with  a  view,  no  doubt,  of  reducing  the  number 
of  types,  arc  illustrated  by  rigs,  i  and  5,  Plate  239 ;  those  more  generally 
used  for  inside  cylinders  are  illustrated  by  Fig.  3.  The  slide  blocks  are 
generally  made  of  cast  iron,  sometimes  lined  with  Habitt's  metal,  and  the 
slide  bars  are  made  of  solid  shear  steel — very  Seldom  of  iron  faced  with  steel. 

The  diameter  of  crank  pins  for  coupling  rods  and  outside  connecting 
tods  has  increased  gradually,  as  locomotive  engineers  hare  become  better 

acquainted  With  what  was   really  required,  namely,  large  wealing  surfaces. 

They  generally  range  between  Sfbx  t"  Biin.]  but  we  perceive  that  Mr. 
Ramsbottom  has  made  the  working  surface  as  much  as  tin.  diameter  in  his 
outside  cylinder  BiprOSI  engines. 

The  feed  pump,  which  forms  an  interval  part  of  the  strain  engine  proper, 

la*  now  gradually  superseded  byGlftard's  injector,  which  is  more  handy; 

and  when  the  driver  is  well  acquainted  With  its  peculiarities  it  is  less  liable 
to  failure  upon  the  road  than  the  pump  with  its  train  of  clack  boxes.    The 

10 
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iniector  is  capable  of  performing  not  only  the  work  of  the  ordinary  feed 
pump  but  also  does  away  with  the  necessity  for  the  donkey  pump,  which 
of  late  years  had  been  a  frequent  adjunct  to  the  locomotive  engine. 

Steam  regulators  also  form  part  of  the  steam  engine  proper,  and  are 
generally  of  four  kinds,  viz. : — 

1st.  The  regulator,  with  disc  valve  (illustrated  by  Fig.  6),  which,  until 
lately,  has  been  used  by  Messrs.  Sharp,  Stewart,  and  Co.  almost  exclusively ; 
it  hasi  however,  the  defect,  inherent  to  all  disc  valves,  of  wearing  its  faces 
convex,  and  of  becoming  leaky  very  soon  ;  besides  this,  it  is  very  expensive, 
being  made  wholly  of  brass,  and  for  these  reasons  it  is  being  gradually 
abandoned. 

2nd.  The  regulator,  with  slide  valve  (illustrated  by  Figs.  8  and  9),  ot 
which  the  horizontal  one  is  used  in  engines  having  no  dome,  the  steam 
being  collected  in  a  long  copper  pipe,  having  a  series  of  perforations  on 
the  top.  In  these  regulators  the  head  or  body  is  generally  of  cast  iron, 
and  the  slide  valve  of  brass ;  they  are  very  simple,  require  but  little 
labour  in  fitting  them  up,  and  answer  their  purpose  very  well. 

3rd.  The  regulator,  with  piston  valve  (illustrated  by  Figs.  10,  11,  and 
12),  used  chiefly  by  Messrs.  Allan  and  Sinclair.  They  are  worked  from  a 
handle,  moving  in  two  helical  guides,  and  certainly  have  the  advantage 
of  not  being  subject  to  open  or  shut  of  their  own  accord  ;  they  are,  how- 
ever, a  most  expensive  piece  of  workmanship,  and  that  especially  so 
because  they  require  to  be  made  wholly  of  brass. 

4th.  The  regulator,  with  double-beat  valve  (illustrated  by  Fig.  7),  first 
introduced,  we  believe,  in  some  engines  made  for  the  Lancashire  and  York- 
shire Railway,  by  Mr.  Fairbairn.  They  are  now  invariably  employed  by 
Mr.  Ramsbottom,  we  presume  especially  on  account  of  their  non-liability 
to  wear  out.  These  regulators  also  require  to  be  made  wholly  of  brass, 
but  are  comparatively  inexpensive  in  fitting  up. 

Before  dismissing  this  portion  of  the  subject,  it  remains  for  us  to  make 
a  few  remarks  about  the  eccentrics.  These  may  be  generally  illustrated 
by  Fig.  20,  Plate  238,  and  are  from  2jin.  to  2jin.  broad,  the  sheaf  of  cast 
iron,  in  two  pieces,  bolted  together  with  cottered  bolts,  and  the  straps  of 
wrought  iron,  about  ljin.  thick,  with  a  brass  lining  about  fin.  thick,  fitted 
into  them.  Mr.  Ramsbottom,  however,  now  makes  the  lining  of  Babitt's 
metal,  cast  in  an  iron  mould,  and,  we  believe,  does  not  put  them  into  the 
lathe  at  all.  These  are  found  to  wear  much  longer,  and  to  run  cooler. 
(To  he  continued.) 


ROUTLEDGE'S  PATENT  SELF-ACTING  BOTLER  FEEDER. 

Continuing  our  notices  of  the  contents  of  the  late  Exhibition,  the  ac- 
companying engraving  illustrates  Routledge's  Patent  Self-Acting  Boiler 
Feeder,  manufactured  by  the  firm  of  Routledge  and  Ommanney,  of  New 
Bridge  Foundry,  Salford,  Manchester.  Several  of  these  self-acting  feeders 
have,  we  understand,  been  at  work  for  some  time  in  the  manufacturing 
districts  and  in  London,  and  have  been  found  to  give  very  satisfactory 
results. 

In  our  illustration,  A  is  a  closed  vessel,  containing  a  float.  B,  the 
boiler.  C  C  C,  Water  supply  pipe  and  valve.  D,  steam  valve  connected  to 
boiler.  E,  balance  weight.  F,  float  wire.  G,  float  wheel.  H  H,  two 
studs  in  float  wheel.  I,  a  register.  K,  tumbler  lever.  L,  link,  connecting 
float  wheel  to  register.  N  N,  levers  connected  to  water  supply  and  steam 
valves.  O,  quadrant,  keyed  fast  on  lever  shaft.  P,  standard.  Q,  feed  pipe. 
R,  feed  valve.  S  S,  feeder  support.  T,  stud  attached  to  link  L  to  work 
the  register. 

Should  the  boiler  require  water,  the  float  attached  to  the  float  wire  F  de- 
scends, putting  in  motion  float  wheel  G,  which  brings  the  stud  H  in  contact 


J.  F.  SPENCER'S  IMPROVEMENTS  IN  SURFACE   CONDENSING 

MARINE  ENGINES. 

(Illustrated  ly  Plate  237.) 

"We  have  at  various  times  alluded  in  The  Aetizan  to  Mr.  Spencer's 
improvements  in  marine  engines,  and  particularly  his  construction  and 
arrangement  of  surface  condensers,  and  their  adaptation  to  marine 
engines. 

Amongst  the  numerous  competitors  for  success  in  the  application  of 
surface  condensation,  the  most  successful  is  Mr.  Spencer,  and  his  success 
is  not  due  to  mere  pushing  business  habits  or  puffing,  but  solely  to  the 
sound  practical  and  scientific  intelligence  which  he  has  brought. to  bear 
upon  this  branch  of  engineering,  hence  almost  every  step  he  has  taken 
has  been  successful,  and  an  improvement  upon  that  which  preceded  it. 

The  subject  which  we  have  selected  for  illustration  is  a  pair  of  200 
horse  power  inverted  cylinder  screw  engines,  constructed  by  Messrs.  Denny 
and  Co.,  engineers,  Dumbarton,  for  the  "  City  of  Cork,"  a  1500  ton 
steam  ship,  and  one  of  Inman's  Philadeiphia  line.  These  engines  have 
been  designed  by  Mr.  Spencer,  in  accordance  with  his  latest  patent, 
and  for  compactness  and  accessibility  of  parts,  they  are  unequalled  ; 
and  for  steadiness  and  perfection  of  working  and  economic  performance 
they  cannot  be  surpassed. 

We  may  observe  that  in  consequence  of  each  of  the  four  pumps  being 
both  an  air  and  a  cold  water  pump ;  the  strain  on  the  piston  is  equal  in- 
stead of  being  one  sided,  as  is  the  case  when  there  are  only  one  cold  water, 
and  one  air  pump,  worked  direct  from  the  main  piston  of  each  engine. 

The  pumps  are  greatly  reduced  in  diameter,  as  150  horse  power  engines 
require  pumps  of  only  about  9in.  diameter  to  maintain  a  good  working 
vacuum.  The  air  pumps  are  well  below  the  condenser;  thus  ensuring  a 
free  flow  into  them.  The  feed  and  bilge  pumps  are  worked  from  the  main 
cross  head,  instead  of  requiring  extra  space  and  gear  or  apparatus  at  the 
end  of  the  crank  shaft. 

The  total  athwart  ship's  space  occupied  by  engines  on  this  plan  of  200 
horse  power,  is  about  9ft; ;  and  of  300  horse  power,  about  lift. 

The  surface  condenser,  which  is  constructed  upon  Mr.  Spencer's 
patent  plan,  admits  of  ready  access  to  the  interior,  and  of  the  with- 
drawal and  replacing  of  one  or  more  tubes  with  the  greatest  facility, 
and  without  breaking  a  steam  or  vacuum  joint.  Whilst  from  the  cen- 
tral position  in  which  the  condenser  is  fixed,  great  economy  of  space 
is  effected,  the  condenser  casing  being  employed  in  supporting  the 
cylinders  in  combination  with  four  wrought  iron  columns  or  pillars. 


with  the  tumbler  lever  K,  which,  falling  over,  shuts  the  steam  valve 
D  and  opens  the  water  valve  C,  allowing  the  cistern  to  re-fill  with  water 
causing  the  float  F  to  rise,  and  again  opening  the  steam  valve  D,  at 
the' same  time  shutting  the  water  valve  C.  When  the  pressures  become 
equalised,  the  water  descends  of  its  own  gravity  into  the  boiler.  The 
action  of  the  apparatus  is  continuous.     The  position  in  which  the  float 
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■wheel  is  represented  in  the  annexed  engraving  shows  the  water  to  he 
descending  into  the  hoiler. 

Amongst  the  advantages  claimed  to  he  derivable  by  the  use  of  the  self- 
acting  Patent  Feeder  are  the  following,  viz.,  that  it  will  feed  a  hoiler  under 
any  pressure  of  steam,  and,  when  applied  to  two  boilers,  it  will,  when  one  is 
let  off,  fill  it  again  by  taking  steam  from  that  in  work,  the  water  being  taken 
from  the  usual  supply.  It  will  feed  with  water  at  212  degrees,  aud  will  fetch 
water  from  a  depth  of  20ft.  below  the  feeder,  if  cold  water,  and  warm 
water  at  90  degrees,  from  a  hot  well  or  other  source,  15ft.  below  the 
feeder.  With  a  register  attached  it  will  show  the  quantity  of  water  used. 
It  possesses  simplicity  of  construction,  durability,  and  non-liability  of  de- 
rangement. It  will  work  through  the  night,  and  keep  a  uniform  height  of 
water  in  the  boiler.  It  also  gets  rid  of  the  foul  air,  so  that  none  can  enter 
the  boiler.  The  economy  in  fuel  by  using  the  feeder  is  found  to  be  equal 
to  15  per  cent,  in  the  quantity  used — that  is,  when  cold  water  has 
been  used  to  feed  the  boiler  previous  to  the  application  of  the  feeder.  The 
head  of  water  required  to  form  the  vacuum  is  about  one  quarter  of  the 
quantity  used,  the  remainder  can  be  fetched  by  the  vacuum  from  the  hot 
well  of  the  engine  or  any  other  source.  The  usual  vacuum  formed  is  131bs. 
An  extra  valve  can  be  attached  when  the  water  is  required  to  be  fetched 
from  a  well  or  other  source  by  the  vacuum. 

The  Jury  of  Class  8  of  the  late  Exhibition  awarded  a  prize  medal  to 
Messrs.  Routledge  and  Co   for  the  practical  utility  of  this  apparatus. 


Fig.  1. 


Fig.  2. 


MAGNETIC  INDICATOB  OF  WATEH  LEVEL. 
The  accompanying  woodcut,  lUustntes  the  Magnetic  Indicator  invented 

by  M.  l.cthuillicr-l'incl,  of  RoneD,  and  for  irhiofa  In'  received  the  award  of 

ESonovabk  Mention  at  the  late  Exhibition.     Fig.  l  shows  the  Magnetic 

Indicator  with  alarm  whistle,  pressure  gUJgg,  nnd  mfttj   valve   complete; 
Fig.  2  being  a  sectional  view,  showing  the  |  I  the  magnet.     In  the 


latter  figure  we  have  not  considered  it  necessary  to  repeat  the  view  of 
the  float  in  position. 

The  Magnetic  Indicator  establishes  a  communication  between  the  in- 
terior and  the  exterior  of  the  boiler,  through  the  brass  collar  shown  in 
Fig.  2,  leaving  the  rod  free,  and  rendering  unnecessary  conical  and  packed 
joints,  and  also  avoiding  the  inconvenience  aud  necessity  of  constant 
watching  to  see  that  the  float  acts. 

A  float  proved  to  stand  the  pressure  of  fifteen  atmospheres  is  joined  to 
an  iron  rod,  to  the  other  extremity  of  which  is  attached  a  strong  magnet 
which  rises  or  falls  in  a  brass  box  with  the  rise  or  fall  of  the  water  in  the 
boiler.  On  the  exterior  of  one  of  the  sides  of  the  box  is  placed  horizon- 
tally an  iron  index  or  pointer,  without  any  support,  and  held  on  the  brass 
merely  by  the  attraction  of  the  magnet,  which  it  follows  in  all  its  move- 
ments, running  as  it  rises  and  falls  on  the  face  of  the  box,  which  is  gra- 
duated to  correspond  with  the  proper  height  of  water. 

The  superior  or  inferior  limit  of  the  float's  course  cannot  be  attained 
without  operating  upon  the  catch  which  opens  the  whistle,  and  imme- 
diately makes  known  the  want,  or  excess  of  water. 

Mr.  Pinel's  apparatus  has  already  been  very  extensively  used  on  the 
Continent,  with  very  satisfactory  results;  and  though,  until  last  year.it 
was  not  known  much  in  England,  it  is  deserving  of  the  attention  of  the 
users  of  steam  power,  as  being  an  apparatus  that  will  constantly  and  with 
certainly  mark  the  height  of  the  water  in  the  hoiler,  and  give  warning 
when,  through  neglect  or  forgetfulness,  it  varies  from  its  proper  height. 


E.    GIBBON'S    IMPROVED    MACHINE    FOR    SEPARATING, 
CLEANING  AND  CRUSHING  MALT. 

This  machine  has  been  invented  by  Mr.  R.  Gibbon,  a  practical  brewer  of 
many  years  experience,  with  a  view  to  overcome  the  disadvantages  attend- 
the  present  comparatively  rude  and  inadequate  mode  of  crushing  malt, 
as  in  consequence  of  malt  in  bulk  containing  at  least  three  recognisable 
sizes  of  kernel,  which  it  is  impossible  to  crush  effectually  at  the  same 
time,  and  with  such  means,  all  the  larger  and  most  valuable  kernels 
must  either  be  crushed  to  atoms,  and  cause  considerable  waste,  or  the 
smaller  ones  entirely  escape  and  go  into  the  mash-tun  useless.  It 
being  found  that  when  malt  is  placed  in  a  hopper  in  large  quantities, 
the  small  kernels  will,  to  some  extent,  get  together,'  and  come  to  the 
rollers  in  much  larger  proportions,  at  times,  than. the  bulk  shows,  and 
thereby  cause  the  irregularity  noticed. 

When  a  grist  of  malt  is  to  be  crushed,  and  on  examination  is  found  to 
be  in  a  sensible  proportion,  hard  and  steely,  if  an  adjustment  of  the 
rolls  is  provided,  by  which  the  setting  can  he  matched  to  the  average  size 
of  the  steely  grain,  whether  large,  middle,  or  small,  and  this  is  at  all  times 
properly  attended  to,  and  a  judicious  mashing  heat  applied,  these  hard 
steely  kernels  will  become  thoroughly  crushed  aud  afterwards  dissolved  in 
the  mash-tun. 

It  is  a  well  known  fact  that  mult  cannot  be  reasonably  crushed  too  fine 
for  profitable  purposes,  provided  the  worts  pass  through  the  goods  freely 
and  quite  bright,  and  one  great  object  of  this  machine  is  to  thoroughly 
and  effectually  crush  every  kernel,  hut  pon-dr,-  nous — B  matter  which, 
hitherto,  it  lias  been  most  difficult  to  accomplish.  Indeed,  it  never  has 
bean  accomplished  effectually  by  one,  or  even  two  pair  of  rollers,  and  it 
appears  to  us  that  .Mr.  Gibbon's  machine  is  admirably  adapted  for  this 
purpose. 

By  this  combined  machine  the  malt  is  separated,  in   its  descent  through 

the  upper  small  hopper,  from  its  coarse  impurities.      It  then  pusses  a    Iced 

roll,  which  supplies  the  whole  of  the  crushers.     Prom  the  feed  roll  it  falls 

i  bla         air  (which  carries  off  all  the  dust)  on  to  a  couple 

rapidly,  but  Btnoothly  shaken,  where  a  further  separation  of  the 

limit  from  tine  dints  and  small  atones  takes  place;  it  then  pusses  on,  in 
ils  dressed  state,  to  three  separating  sieves,  smoothly  shaken  by    the   same 

inery,  by  which  it  is  sorted  into  bhtee  sizes,  small,  middle,  and  large 
and  led  into  three  small  hoppers,  conducting  to  the  three  pair  of  rolls, 
each  adjusted  to  the  size  of  mall  it  has  to  crash,  these  rollers  being  ac- 
tuated by  toothed  win  I  on  o  te  Bnd  of  their  axes,  the  whole  scries 
deriving  motion  from  huge  spur  wheels  keyed  on  the  axis  of  some  of  them, 

and  primarily  from  ordinary  fast   and  loose  pulleys  attached  to  a  prolonga- 

ifoneofthei    11  i  .     After  passing  the  rollers,  the  crashed 
malt  tiii-  into. small  hoppers,  either  to  he  conducted  into  one  large  Keep- 
er separate  bins,  as  may  be  desired. 
We  may  state  that  a  grisl  of  malt  crushed  as  described  by  this  machine, 
is  calculated  to  produce  from  one  to  three  per  cent,   more  extract,  at  the 
than  when  crushed  by  one  pair  of  rolls  Only,  and  W6  do  OOl   c.niteni- 

plate  that  a  grist  of  malt,  crushed  by  Mr.  Gibbon's  machine,  will  choke 
lie  false  bottoms  of  the  mash-ton,  provided  a  proper  mashing  heat  is  first 
applied. 

The  rolls  arc  chilhd  in  casting  and  rendered  almost  as  n.ird  as  steel, 
winch  gives  them  tho  power  of  crashing  the  sinull  Hints  and  stones  which 
pass  with  the  malt,  without  uny  indentation  or  injury,  such  as  occurs  to 
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Fig.  1. — Side  Elevation. 


Fig.  2. — Sectional  Plan. 
the  common  soft  rolls  hitherto  generally  used.  The  journals  are  also 
hardened,  and  the  bearings  of  cast  steel.  An  improvement  is  also  added 
for  guarding  against  the  back  lash  or  jerking  of  the  rollers  when  running 
empty.  It  is  well  known,  that  by  the  present  mode  of  resting  the  journals 
of  the  rolls  on  the  open  brass  bearings,  a  most  disagreeable  and  injurious 
back  lash  takes  place  when  running  empty,  the  rolls  striking  each  other 
with  great  force  and  injury,  but  which 'in  the  machine  under  notice, 
is  entirely  guarded  against,  so  that  they  may  run  empty  with  as  much 
safety  as  when  at  work.  The  easy  shaking  motion  given  to  the  sieves  bv 
an  eccentric,  is  so  arranged  that  it  can  be  thrown  on  or  off  at  any  moment, 
with  the  rolls  and  machinery  in  motion,  without  the  slightest  injury.  We 
have  lastly  to  call  attention  to  the  valuing  appendage,  or  malt .  balance, 
attached  to  Mr.  Gibbon's  machine,  and  consisting  of  an  adjustable  balance 
such  as  an  ordinary  steelyard,  by  which  the  actual  weight  per  bushel  and 


quarter,  as  also  the  specific  gravity  of  the  grain  can  be  at  once  determined, 
and  thence  its  real  value  to  the  brewer. 

Fig.  1  shows  a  side  elevation  of  the  machine,  and  Fig.  2  a  sectional 
plan  thereof.  A  is  the  cast-iron  frame,  having  suitable  receptacles  for  the 
bearing  blocks  B,  and  caps  over  each  pair  of  rollers  marked  C,  and  which 
are  moveable  at  pleasure.  A  cast-iron  plate,  D,  is  placed  at  the  back  of 
these  caps,  which  extends  the  whole  length  of  the  frame,  and  fits  over  the 
necks  of  the  gudgeons  and  against  the  ends  of  the  rollers.  The  rollers 
marked  E,  F,  and  G  are  fixed  in  place,  the  other  three  being  movable  and 
adjustable  by  means  of  set  screws.  Wedges  are  driven  in  behind  each  of 
the  movable  rollers  to  prevent  the  back  lash,  and  are  kept  in  place  by  set 
screws  tapped  into  the  back  plates  of  the  caps  C.  H  is  the  upper  hopper  box 
containing  the  regulator  valve  I,  the  feed  roller  K,  and  the  two  sieves  L  and 
M,  the  latter  being  fixed  in  frames,  so  as  to  be  readily  withdrawn ;  N  is  the 
frame  under  the  feed  roller,  containing  two  sieves  0  and  P,  the  top  one  being 
coarse  and  the  lower  one  fine,  as  before  described.  The 
spout,  Q,  is  here  shown  fixed,  and  conducts  the  grain  to 
the  separating  sieves,  which  are  placed  in  the  frame  ^. 
This  frame  travels  on  the  bars  S,  which  are  secured  at 
the  upper  ends  to",the  frame  of  the  machine,  their  lower 
ends  being  supported  by  an  adjusting  screw  for  altering 
the  inclination.  These  bars  carry  rods,  upon  which  the 
cleaners  revolve,  and  which  consist  of  thin  discs  of 
metal  placed  between  the  wires  of  the  sieves.  These 
sieves  are  shaken  by  means  of  a  lever,  keyed  or 
pIG.  3.  otherwise  attached  to  the   shaft  V,  which  latter  is 

worked  by  the  eccentric  Y  on  the  shaft  X,  which 
also  carries  an  eccentric  for  working  the  sieve  frame  JST.  This  eccentric 
is  connected  with  the  slide  bar  W,  a  plan  of  part  of  which  is  shown  in 
Fig.  3.  Z  is  an  ordinary  fan  for  driving  off  the  refuse  from  the  grain  as 
it  falls  from  the  feed  roller.  The  dust  is  driven  out  of  the  spout  Z,  which 
has  a  slot  in  it  for  the  grain  to  pass  through  on  to  the  sieve  O.  Three 
pinions  (a  a  a)  for  driving  the  rollers  are  placed  on  one  side  of  the  frame, 
and  three  (b  b  b)  on  the  other,  as  they  would  not  gear  well  if  all  placed  on 
the  same  main  driving  wheels  e  c,  one  of  which  it  is  preferable  to  make  a 
mortice  wheel.  The  hoppers  for  supplying  the  rollers  are  fixed  in  a 
frame  in,  and  those  for  receiving  the  crushed  grain  in  a  frame  re ;  they 
may  all,  however,  be  separate.  The  frame  N  rests  upon  small  wheels, 
which  are  carried  by  vertical  bars  to  place  the  frame  at  any  convenient 
angle.     The  weighing  machine  may  be  placed  anywhere  convenient. 

Mr.  Gibbon  has  compiled  a  series  of  comparative  tables  to  be  used  in 
connection  with  the  valuing  appendage,  and  by  the  aid  of  which  the  value 
of  malt  and  barley  may  be  readily  deduced ;  the  following  is  an  example 
'jf  these  tables. 


For  eccentric. 


For  upper  sieve. 
For  lower  sieve. 
For  upper  slide. 


Barley,  weight  per 
bushel  in  lbs.    ... 

Barley,  weight  per 
sack  or  comb  in 
in  stones  of  141b. 

Barle3r,  weight  per 
quarter  

Malt,  weight  per 
bushel    

Malt,  weight  per 
quarter 

Malt,  specific  gra- 
vity or  solid  ex- 
tract, per  quar.  . 

Malt,  density  of 
wort  obtainable, 
per  quarter   

Malt  aud  barley, 
increase  in  value 
per  quarter  to 
brewers 


51-5 

52-5 

53-5 

54-5 

55-5 

56 

57  • 

58 

14-10 

15 

15-4 

15-8 

15-12 

16 

16-4 

16-8 

412 

420 

428 

436 

444 

448 

456 

464 

38 

38-75 

39-5 

40-5 

41-75 

43 

44 

45 

304 

310 

316 

324 

334 

334 

352 

360 

1-205 

1-216 

1-226 

1-240 

1-253 

1-270 

1-283 

1-297 

76 

80 

84 

89 

94 

100 

105 

110 

0 

6s. 

12s. 

19s.  6d. 

27s. 

36s. 

43s.  6d. 

51s. 

A  modification  of  the  arrangement  illustrated  in  the  annexed  wood-cuts, 
may  be  made  by  placing  three  rollers  on  the  same  spindle,  these  rollers 
working  opposite  to  a  second  set  of  three  rollers  fixed  to  a  second  spindle. 
In  this  arrangement,  each  pair  of  opposite  rollers  is  made  of  a  different 
diameter  (about  the  twenty-fifth  part  of  an  inch),  so  that  when  the  largest 
rollers  are  working  close  together,  or  nearly  so,  and  thus  allowing  the 
smaller  grains  to  be  properly  crushed,  the  next  pair  of  rollers  would  be 
slightly  separated  so  as  to  properly  crush  the  medium  sized  grain,  whilst 
the  third  pair  of  rollers  would  be  still  further  separated  so  as  to  properly 
crush  the  larger  grains.  The  three  rollers  instead  of  being  cast  separately, 
may  be  cast  together  so  as  to  form  a  single  roller,  and  be  afterwards  turned 
to  the  required  diameters.  And  instead  of  the  rollers  of  each  pair  being 
the  same  size,  as  just  described,  the  difference  of  diameter  to  allow  for  the 
different  sized  grains,  may  be  made  in  the  roller  or  rollers  upon  one  of  the 
spindles  only,  the  roller  or  rollers  on  the  other  spindle  being   parallel 
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throughout ;  or  lastly,  part  of  the  difference  may  be  made  in  the  rollers 
upon  one  spindle,  and  part  in  the  rollers  upon  the  second  spindle,  either  of 
these  latter  arrangements  giving  a  slight  rubbing  action  to  the  grain  as 
well  as  crushing  it. 


PERFORATED  RUDDERS. 

Commander  T.  E.  Symonds,  R.N.,  lately  submitted  to  the  Admiralty  a 
very  simple,  yet  valuable  improvement  in  rudders.  The  object  to  be  at- 
tained more  especially  being  to  render  the  rudders  of  screw  ships  of  war 
and  armour-plated  vessels,  more  easily  worked  and  manageable,  as  con- 
siderable difficulty  has  hitherto  been  experienced  in  steering  this  class  of 
vessels,  and  which  is  attributed  no  doubt  in  a  very  considerable  measure 
to  the  imperfect  proportions  of  the  rudders  at  present  in  use. 

Capt.  Symonds  proposes  to  make  a  series  of  perforations  in  the  rudder, 
as  shown  in  the  accompanying  woodcut.  The  orifices  increase  in  size  from 
the  centre  of  the  thickness  of  the  rudder  on  either  side,  and  expose  a  series 
of  surfaces  when  the  helm  is  over.  These  openings  allow  of  a  free  passage 
of  the  water  through  the  rudder,  at  the  same  time  preserving  a  more 
effectual  surface  for  steering,  when  the  rudder  is  by  these  means  got  over 


more  readily  to  a  greater  angle ;  the  water  impinging  on  the  rudder  in 
:i  horizontal  direction,  and  acting  on  the  faces  of  the  holes  or  slots.  Again, 
it  may  safely  be  assumed  that  in  case  of  a  ship  gathering  sternway  before 
the  helm  could  be  righted,  or  in  the  event  of  the  rudder  being  struck  by 
a  henvy  gea,  the  shock  and  damage  which  would  ensue  in  a  vessel  fitted 
with  the  ordinary  rudder  is  averted,  and  thus  the  ship  may  be  kept  steadily 
to  her  bearings  in  the  heaviest  weather. 

The  plan  is  certainly  one  which  possesses  considerable  merit,  and  is 
north;  of  the  attention  of  those  entrusted  with  the  designing  and  con- 
struction of  our  COftly,  and  it  is  also  to  be  feared,  experimental  vessels  of 
war.  (We  arc  informed  by  ('apt.  Symonds  that  junks  ami  large  vessels  in 
the  Chinese  waters  arc  now,  and  have  been  for  number*  of  years  buck, 
fitted  with  these  perforated  rudders.) 


DR.  NORMANDY'S  APPARATUS    FOB    THE    DISTILLATION   OF 
sai.T   WATER. 

The  annexed  woodcuts  (p. p.  80,83  illustrate  the  very  useful  apparatus 
invented  by  Dr.  Normandy,  for  the  production  of  aerated  (yesfa  water  from 
sen-water. 

Tbi>  apparatus  under  notice  is  the  result  of  very  considerable  study, 
and  a  series  of  most  carefully  conducted  experiments  undeilMl.cn  1>\ 
Dr.  Normandy,  with  a  view  to  arrive  at  ft  comparatively  simple  and 
efficient  plnn  of  producing  distilled  water  from  sea  water,  whieb  should 
not  possess  the  disadvantages  attending,  to  a  greater  or  lesser  extent,  all 


methods  previously  adopted  for  the  production  of  distilled  water  from 
sea  water.  We  allude  to  the  intolerably  nauseous  and  empyreumatic 
taste  and  odour  which  it  retains  for  many  weeks,  and  which  is,  moreover, 
insipid,  flat,  and  vapid,  owing  to  its  want  of  oxygen  and  carbonic  acid, 
which  water  in  its  natural  state  possesses,  and  of  which  it  has  been  de- 
prived by  the  process  of  distillation. 

The  problem  which  Dr.  Normandy  undertook  to  solve  was  the  following, 
viz.,  to  obtain,  with  a  small  proportion  of  fuel,  large  quantities  of  fresh, 
inodorous,  salubrious,  aerated  water,  without  the  help  of  machinery  or  of 
chemical  re-agents,  by  means  of  a  small,  self-acting,  and  compact  appa- 
ratus, capable  of  being  worked  at  all  hours,  under  all  latitudes,  in  all 
weathers  and  conditions  compatible  with  the  existence  of  the  ship  itself, 
and  incapable  of  becoming  encrusted,  or  otherwise  going  out  of  order. 
That  the  problem,  through  necessarily  a  difficult  one,  has  been  satisfac- 
torily solved  in  the  apparatus  before  us  is  best  evidenced  in  the  general 
use  into  which  the  apparatus  has  gradually  come,  after  having  been  sub- 
mitted to  the  most  severe  competitive  trials,  made  in  1S59,  agaiust  the 
ordinary  condensers  used  in  the  Navy. 

Referring  to  the  annexed  illustrations,  the  apparatus,  it  will  be  seen, 
consists  mainly  of  two  parts — an  evaporator  and  a  condenser,  joined  so  as 
to  form  one  compact  and  solid  mass,  screwed  and  bolted,  without  solder- 
ings  or  brazings  of  any  kind.  The  evaporator  is  a  cylinder,  partly  filled 
with  sea  water,  into  which  a  sheaf  of  pipes  is  immersed,  so  that  on  ad- 
mitting steam  at  a  certain  pressure  into  these  pipes,  it  is  condensed  into 
fresh,  though  non-aerated  water,  by  the  sea  water  by  which  the  pipes  are 
surrounded,  the  sea  water  being  thus  heated  and  a  portion  of  it  evapo- 
rated at  the  same  time.  This  non-aerated  fresh  water  becomes  aerated 
by  an  arrangement  which  we  will  afterwards  explain. 

The  steam  at  a  pressure  being  of  course  hotter  than  ordinary  boiling 
water,  serves  to  convert  a  portion  of  the  water  contained  in  the  evapo- 
rator into  ordinary  steam,  which,  as  it  reaches  the  pipes  in  the  condenser, 
is  resolved  therein  into  fresh  aerated  water  without  pressure.  By  thus 
evaporating  water  under  a  slight  pressure,  one  fire  performs  double  duty  ; 
and  thus  the  first  condition,  that  of  economy,  is  fulfilled;  for  while,  in  the 
usual  way,  lib.  of  coal  evaporates  6  or  71bs.  of  water,  the  same  quantity 
and  quality  of  coals,  burnt  under  the  same  boiler,  but  in  connexion  with 
this  appaiatus,  is  thus  made  to  evaporate  12  or  lilbs.  of  water,  or  in  other 
words,  from  the  same  amount  of  steam  or  of  coals  employed,  this  machine 
will  produce  double  the  quantity  of  fresh  water  that  can  be  obtained  by 
simple  or  ordinary  distillation — that  is  to  say,  double  the  quantity  pro- 
duced by  the  ordinary  condensers. 

The  steam  issuing  from  the  evaparator,  and  which  is  condensed  by  the 
water  in  the  condenser,  imparts,  of  course,  its  heat  to  the  sea  water  in  it ; 
and  as  this  water  is  admitted  cold  at  the  bottom,  whilst  the  steam  of  the 
evaparator  is  admitted  at  the  top  of  the  condenser,  the  water  therein 
becomes  hotter  and  hotter  gradually  as  it  ascends,  and  when  it  finally 
reaches  the  top,  its  temperature  is  about  208°  Fahr. 
^  As  water  begins  to  part  with  its  air  at  a  temperature  of  about  130' 
Fahr.,  therefore,  the  greater  portion  of  the  air  condensed  in  the  water 
which  flows  constantly  and  uninterruptedly  through  the  condenser  is  thus 
separated,  and  led  through  a  pipe  into  the  empty  space  left  for  steam-room 
within  the  evaparator,  where  it  mixes  with  the  steam.  And  as  about  six 
gallons  of  sea  water  must  be  discharged  for  every  gallon  of  fresh  water 
which  is  condensed,  and  as  each  gallon  of  sea  water  contains  five  cubic 
inches  of  air,  and  whereas  the  utmost  quantity  of  it  that  fresh  water  can 
naturally  absorb  is  fifteen  cubic  inches  per  gallon.it  follows  that  the  steam 
in  the  evaparator,  before  it  is  finally  condensed,  has  been  in  contact  with 
twice  as  much  air  as  water  can  take  up,  the  result  being  a  production  of 
fresh  water  to  the  maximum  of  aeration. 

The  agent  employed  for  the  destruction  and  removal  of  the  empyreuma 
o(  distilled  water  thus  aerated,  is  charcoal,  Dr.  Normandy  having  found, 
from  carefully  conducted  experiments,  that,  two  cubic  feet  of  charcoal  are 
sufficient  to  remove  entirely  the  empyreumatic  odour  and  taste  of  dis- 
tilled water,  produced  at  the  rate  of  500  gallons  per   diem,  and   that  tho 

charcoal  never  wants  removing.  And  the  water  issuing  from  the  appa- 
ratus  is   perfectly  sweet,    tasteless,    inodorous,    :,,,■!    completely   saturated 

with  n  large  quantity  of  oxygenised  air  and  of  carbonic  acid. 

The  apparatus  represented  in  the  accompanying  drawings  is  intended 
for  sailing  ships  j  that  is  to  say,  when  it  is  placed  on  deck,  or  above  the 

level  of  the  Sea,  on  dock  Ol land     ill  which  case   it   must    be   provided 

witfa  S  lift -pump,  and  of  COUrse  with  R  steam  boiler. 

Fig,  l  Is  a  section  showing  the  constructi f  the  apparatus  without 

reference  to  the  real  position  or  actual  form  of  its  constituent  parts. 

Fig.  2  is  a  front  view  of  the  apparatus,  one  sixteenth  of  the  real  si/e, 
and  of  the  normal  power  of  500  gallons  per  daj  ofJM  bonis. 

Fig,  2  is  a  back  view  of  the  lame  apparatus. 

The  action  and  i le  of  working  the  apparatus  is  as  follows;-  i,,: 

•team  op  in  the  boiler,  start  the  pump,  and  mi  the  apparatus  with  sea 
water  by  opening  the  cock  \ .  the  tea  water  pumped  up  will  then 
enter  the  condenser  al  B,  and  pass  through  feed-pipe  C  into  the  priming 
box,   D,  and   thence  Into   the  evaporator,    K,  where  it   should  be  allowed 
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Fig.  1. 


to  rise  half-way  in  the  glass  gauge,  F,  when  the  cock,  A,  should  be 
shut.  The  apparatus  having  its  proper  quantity  of  sea-water,  open 
the  steam  cock,  (}*  and  likewise  the  clearing  cock,  II;  after  a  short 
interval  open  also  the  small  cock,  J.  On  opening  this  cock,  J, 
some  water  will  perhaps  he  projected  for  a  few  seconds;  but,  presently, 
air  and  steam  only  will  issue  from  it;  as  the  steam  is  seen  issuing 
from  it,  it  should  then  be  closed  gradually,  and  eventually  be  left  almost 
shut,  so  as  to  leave  only  room  for  the  smallest  possible  wreath  of  steam 
slowly  to  issue  from  it.  As  soon  as  the  steam-cock,  G,  is  open,  the  steam 
from  the  boiler  will  rush  through  that  cock  into  the  sheaf  of  pipes,  K, 
of  the  evaporator,  in  which  pipes  it  will  be  condensed  by  the  sea  water 
which  surrounds  thetn,  and  then  ftow  through  the  pipe  L  into  the  steam 
trap,  lift  up  the  float,  N,  pass  through  the  cock  O,  ascend  the  pipe  Pintothe 
upper  cap,  Q,  of  the  refrigerating  sheaf  of  pipes  R,  and  flow  out  at  the 
waste  cock  H.  If  the  apparatus  has  been  left  for  some  time  without 
working,  the  water  issuing  from  tlir  waste  cock  will  bare  a  rusty  colour, 
wherefore  it  (the  condensed  water)  should  be  led  running  until  il  flows 
out  dear,  in  order  not  to  foul  the  Alter.    As  soon,  I  water 

flows  in  a  clear  state,  shut  the sit,  that  the  water  may  pass  into  the  filter  B. 

The  steam  within  the  sheaf  of  pipes  K  of  the  evaporat  it   I        m  brings 
the  sea  water  round  them  to  the  boiling   point,  and  tb  it  may 

know  that  it  begins  to  b  .il  by  a  slight  up  and  down  motion 
in  the  water  (range,    sti  mi  passes  then  from  the  evaporator  througb  the 
pipe  D  into  the  priming  box  L,  where  any  salt  water  which  may  have  been 
carried  with  the  steam   is   deposited   and  returned  into  the  evaporator, 
while  the  pure  -.nani  passes  from  the  priming  through  the  pipe  U  into  the 
sheaf  of  pipes  V  of  the  condenser  W,  and  being  there  condi  n 
the  lower  cap  X,  and  thence  from  the  upper  cap  of  the  refrigi 
raparatus  mixes  with  the   water  fi the  conden  ition   of  the 

of  the  hoil.a-   br  lUghl     1.  P,  and    both    '    . 

Alter  S.     '■■  water  ol  tho  evaporator  heglns  to  boil,  open  the 

brine  cock  Y,  bul    ml\  to  inch  an  i  quantity  of  brine 

to  be  constantly  flowing  from  it.    Open  also  the  feed  cock   I,  from  time 
to  time  as  the  !    In  the  glass  .  .  or  adjust 

no  ii  iter  may  Hon  througb  it  than  is  suffici 

•_'las-i  about  half-full. 

•  This  st     i  le.ul  1  he  opened  grndnnlly,  and  i 

will  nol  i  i  water  in  the  boiler  snd  in  tin 

which  might    pi 

both  in  the  boiler  and  in  tl  >  bj  shutting  tie 

more  or  i 


Attention  to  this  is  absolutely  necessary ;  for,  if  too  much  or  too  little 
sea  water  be  allowed  to  run  out,  the  apparatus  in  the  first  case  will  not 
produce  its  proper  quantity  of  fresh  water,  and  in  the  second  ease  earthy 
matter  would  he  formed,  which  would  impair  the  apparatus,  or  even  put 
it  altogether  out  of  service.  If,  however,  the  attendant  lake  care  to 
adjust  the  brine  cock  X,  so  that  the  How  of  the  brine  is  at  the  rate  in- 
dicated, that  is  to  say,  about  one-third  at  leas!  of  the  whole  fresh  water 
produced,  there  will  be  no  chance  of  diminishing  the  evaporation,  nor 
danger  of  incrustation. 

If  the  fresh  water  produced  is  not  sufficiently  oool,  work  the  donkey 
pump  faster. 

If  any  steam  or  water  1b  seen  t.>  issue  from  the  breathing  pipe  /.  it  is  a 
sign  that  too  much  steam  is  admitted  into  the  apparatus,  wherefore  the 

steam  COck    Bhould  be   Bhut  Oflj  move  or  less,   so  as  to   reduce  the  quantity 

of  steam  to  the  proper  degree. 

On  board  Bteamers,  or  when  the  apparatus  is  placed  below  the  level  of 
the  sea,   the  stand  pipe  is    suppressed,  as  well   ^   the  lift-pump;    tho 

large    pipe    and    the    Upper    pipe    to    which    the    stand    pipe    is    bolted    a  le- 
thal put  in  communication,  through  the  walls  of  the  ship,  with  ih 

water  outside,  bj  i m-,  of  the  ordinary  Kingston  or  ground  valves  of  the 

ship,  and  in  i  1m:  case  the  air-pipe  musl  I  leveral  feet 

above  the  sea  ievi  I, 

We  may  add  that   this  apparat us    was    exhibited    in    ClaSI  B  of   the   late 

International   Bxhibiti and  thai  the  exhibit  I  a  prize  modal 

for  it. 


[NSTITUTIOH    '"'    OIVIL    ENGINE] 

AMERICAN  TIMBER  BRIDG 

By  Mr.  d 

It  was    i  aied  thai  the  early  oommon  road  brid  .  LOOfkand 

apwan  morally  built  on  the  lattice  plan.    The  sides  and  the  top 

and  bottom  chords  were  formed  "I  planks,  usually  I2in.  wide  bj  Bin.  thiok, 

fastei  ■■  by  oak  treenails,  SSin.  in  diameter.     Por  road  traffic  with 

moderate  SpaUS  this  kind  of   brid  well,  and  several  of 

irly  railwn  D 

been  lit  in 

Englat  ■ 
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The  next  design  noticed  was  the  Howe  bridge,  a  detailed  description 
being  given  of  one  on  this  principle  on  the  Danville  Eailway,  over  the 
James  Kiver,  at  Richmond,  Virginia.  This  bridge  consisted  of  eleven 
openings,  each  121ft.  span,  the  total  length  being  about  1800ft.,  with  a 
width  of  18ft.  For  each  span  there  were  two  trusses,  the  greatest  depth 
of  which  was  20ft.  Each  truss  was  divided  into  several  panels  lift,  wide, 
and  the  bottom  chords  were  so  arranged  that  there  should  be  only  one 
joint  in  the  chord  pieces  in  each  panel.  The  sectional  area  of  the  upper 
chords  was  396  square  inches,  and  of  the  bottom  chords  528  square  inches ; 
the  greater  area  of  the  latter  being  on  account  of  the  numerous  joints. 
There  were  four  main  braces  at  the  ends  of  each  truss,  and  by  means  of 
three  vertical  iron  tie-rods  in  each  panel,  any  required  camber  could  be 
easily  given.  Counter-braces  were  also  introduced,  by  which,  when  keyed 
up,  the  bridge  could  be  so  stiffened  that  a  passing  load  was  said  to  produce 
no  additional  strain.  These  bridges  were  always  built  of  the  best  white 
pine,  and  the  ordinary  price  for  a  single  line,  including  erection,  was  from 
£4  to  £5  per  lineal  foot.  The  usual  quantity  of  timber  employed  was 
about  30  cubic  feet  per  lineal  foot,  and  the  weight,  including  iron  work, 
a  little  more  than  half  a  ton  per  lineal  foot.  Assuming  a  load  of  30001bs., 
including  its  own  weight,  to  be  uniformly  distributed  over  the  bridge 
alluded  to,  the  strains  would  be,  by  the  ordinary  calculation, 

On  the  upper  chords,  compression,  729  lbs.  per  square  inch. 
„     bottom  chords,  tension,        547  lbs.  „ 

„      end  braces,  compression,      735  lbs.  „ 

„      end  tie- rods,  tension,       15,125  lbs.  „ 

The  ordinary  dimensions  of  a  bridge  on  this  principle  having  a  span  of 
150ft.  as  built  on  the  Portland  Eailway,  were  then  given,  from  which  it 
appeared  that  the  lower  chord  pieces  of  the  two  trusses  had  together  a 
sectioal  area  of  676  square  inches,  and  of  the  upper  chord  pieces  of  520 
square  inches.  Assuming  the  same  weight  of  30001bs.  per  lineal  foot  to  be 
equally  distributed  over  this  structure,  the  strains  would  be, 

.        On  the  upper  chords,  compression,     901  lbs.  per  square  inch. 
„     bottom  chords,  tension,  694  lbs.  „ 

„     end  main  braces,  compression,  750  lbs.  „ 

„      end  tie-rods,  tension.  18,750  lbs.  „ 

These  strains  were  greater  than  in  the  first  example,  and  the  compres- 
sion of  901  lbs.  per  square  inch  on  the  upper  chords  was  the  limit  of  safety; 
but  it  was  not  probable  that  the  bridge  would  ever  be  loaded  to  the  amount 
assumed.  i 

Owing  to  the  increased  weight  of  the  trains  and  the  greater  span  of 
railway  bridges,  it  was  afterwards  found  necessary  to  strengthen  this  form 
of  bridge,  by  the  addition  of  arches  on  the  sides  of  the  trusses.  This 
"  Improved  Howe  Truss,"  as  it  was  usually  called,  came  into  general  use. 
A  bridge  on  this  plan  was  described,  which  was  built  for  a  double  line  on 
the  Philadelphia  and  Reading  Railway,  where  it  was  subject  to  the  heaviest 
traffic  in  America,  the  coal  conveyed  over  it  alone,  exceeding  5000  tons 
daily,  besides  the  ordinary  passenger  and  goods  trains.  This  bridge  had  a 
clear  span  of  160ft.  There  were  three  trusses,  each  23ft.  deep,  and  six 
arches.  The  sectional  area  of  the  three  upper  chords  was  1215  square 
inches,  of  the  bottom  chords  1620  square  inches,  and  of  the  six  arches 
1530  square  inches.  The  arches  were  formed  of  the  best  pine,  in  pieces 
about  24ft.  long  by  4jin.  wide  and  15in.  deep.  Timber  arches  had  not 
unfrequently  been  built  of  pieces  6in.  square;  but  very  rarely  of  laminated 
plank,  in  the  manner  formerly  practised  in  England.  Supposing  a  load 
of  3  tons  per  lineal  foot,  including  the  weight  of  the  structure  itself,  to 
be  equally  distributed  over  this  bridge,  and  to  be  borne  both  by  the  upper 
chords  and  the  arches,  then  the  compressive  strain  per  square  inch  would 
be  2921bs.  on  the  former,  and  2371bs.  on  the  latter ;  while  if  sustained  by 
the  arches  alone,  the  pressure  would  only  amount  to  4681bs.  per  square 
inch.  As  American  engineers  usually  considered  9001bs.  per  square  inch 
as  the  safe  limit  of  compression  on  timber  framing,  the  strength  of  this 
bridge  appeared,  by  calculation,  to  be  greatly  in  excess  of  what  might  be 
deemed  necessary. 

The  approximate  quantities  of  materials  in  this  bridge,  exclusive  of  the 
roof,  were,  per  lineal  foot,  58  cubic  feet  of  timber,  2701bs.  of  wrought 
iron,  and  761bs.  of  cast  iron  ;  and  the  cost  of  the  superstructure  amounted 
to  £10  3*.  per  lineal  foot. 

These  bridges  were  usually  built  with  a  camber  of  about  1  foot ;  but 
owing  to  decay  at  the  joints,  and  the  unseasoned  state  of  the  timber 
when  framed,  they  soon  deflected,  and  did  not  last  in  good  condition 
longer  than  from  twelve  to  fifteen  years.  When,  however,  they  were 
roofed  in  and  boarded  at  the  sides,  and  were  properly  cared  for,  their 
duration  might  be  taken  at  twenty-five  years. 

-  Some  American  engineers  did  not  approve  of  the  arch  in  combination 
with  the  truss,  believing  that  a  structure  composed  of  two  systems,  neither 
of  which  was  strong  enough  by  itself,  was  wrong  in  principle,  and  that  it 
was  almost  impossible  so  to  proportion  the  strains,  as  to  make  each  system 
bear  its  due  share.  These  engineers  thonght  it  better,  either  to  add  to 
the  truss  the  material  used  in  the  arch,  or  to  depend  entirely  upon  the 
arch,  and  to  have  a  light  truss  merely  to  stiffen  the  roadway. 


Timber-bridge  building  had  become  a  special  branch  of  engineering  in 
America,  and  one  firm  alone — that  of  Mr.  D.  C.  McCallum, — had  con- 
structed 15  miles  on  length  of  bridges  upon  different  railways,  in  spans 
varying  from  30ft.  to  260ft.  These  bridges  were  built  on  what  was 
termed  the  "  Inflexible  Arched  Truse"  principle ;  and  a  description  was  given 
of  a  bridge,  for  a  single  line  of  railway,  200ft.  span,  of  which  several  had 
been  erected  in  the  States  of  New  York,  Ohio,  and  Mississippi.  The 
principal  dimensions  were,  total  length,  210ft.;  span,  200ft.;  depth  of 
truss  in  the  centre,  26ft.  and  at  the  ends,  21ft.  The  arched  tops  of  the 
two  trusses  had  together  a  sectional  area  of  814  square  inches,  and  the 
two  bottom  chords  of  468  square  inches.  There  were  four  main  braces 
which  projected  32ft.  from  the  piers,  having  a  sectional  area  of  704  square 
inches  on  each  side.  The  posts,  of  which  there  was  a  double  row,  in- 
serted between  the  chords,  varied  from  9in.  by  13in.  at  the  abutments  to 
9in.  by  6in.  at  the  centre ;  the  counter  braces  being  9in.  by  6in.  through- 
out. Special  attention  was  directed  to  the  manner  in  which  the  bottom 
chords  were  scarfed,  by  long  splicing  pieces  and  combination  keys,  so  as 
to  prevent  them,  as  much  as  possible,  fron  stretching.  The  spur  arch 
braces  also  transferred  the  load  directly  on  to  the  abutments,  by  which 
the  span  was  directly  reduced  to  136ft.,  so  far  as  the  strain  on  the  truss 
was  concerned.  This  bridge  contained  7360  cubic  feet  of  timber,  69581bs. 
of  wrought  iron,  and  59971bs.  of  cast  iron.  Its  total  cost  was  £5  4*.  per 
lineal  foot ;  the  rough  timber  being  delivered  on  the  site  of  the  works  at 
one  shilling  per  cubic  foot.  The  total  weight,  including  the  permanent 
way,  was  109  tons,  and  with  an  additional  load  of  205  tons,  equally  dis- 
tributed, the  pressure  on  the  arch  top  would  be  8621bs.,  and  the  tension 
on  the  bottom  chords  would  be  15001bs.  per  square  inch.  With  an  actual 
load  of  nearly  one  ton  per  lineal  foot,  this  bridge  deflected  nearly  three- 
quarters  of  an  inch,  previous  to  the  adjustment  of  the  counter  braces ; 
these  were  then  screwed  up,  and  the  load  was  removed,  when  a  permanent 
deflection  was  found  to  be  nearly  five-eighths  of  an  inch. 
_  Several  railway  swing  bridges  of  120  feet  span,  had  been  constructed  of 
timber  by  Mr.  McCallum,  and  the  principal  dimensions,  as  well  as  detailed 
drawings,  of  one  on  a  similar  plan,  proposed  to  be  erected  over  the 
Mississippi  river,  at  Clinton,  Ohio,  were  given.  A  McCallum  common 
road  bridge,  of  150  feet  span,  was  then  described;  and  it  was  stated  that 
the  quantity  of  timber  in  such  a  bridge,  29  feet  in  width,  did  not  exceed 
23  cubic  feet  per  lineal  foot,  its  entire  cost  amounting  only  to  £3  2*.  6d. 
per  lineal  foot,  the  rough  timber  delivered  on  the  ground  being  estimated 
at  ninepence  per  cubic  foot. 

As  an  illustration  of  the  adaptation  of  the  Howe  truss  for  large  roofs,  a 
description  was  given  of  that  erected  at  the  Dunkirk  station  of  the  New 
York  and  Erie  Railway,  the  span  of  which  was  80  feet.  This  roof  was 
chiefly  remarkable  for  the  lightness  of  the  scantlings,  only  two  pieces  of 
timber  being  as  large  as  6  inches  by  7  inches,  and  most  of  them  were  about 
5  inches  by  7  inches.  A  principal  of  this  roof  contained  280  cubic  feet, 
and  would  cost,  at  the  ordinary  price  for  timber  framing,  including 
erection,  about  £36. 

In  conclusion,  the  author  expressed  the  hope  that  these  specimens  of 
timber  work,  the  result  ot  many  years'  experience,  and  the  adaptation  of 
the  only  available  resources  of  a  new  and  comparatively  poor  country, 
would  be  found  interesting ;  as,  whatever  their  merits  or  faults, 
the  bridges  had  undoubtedly  produced  good  practical  results,  and  would 
bear  investigation. 


ON  THE    RECONSTRUCTION  OF  THE   DINTING  AND  THE 

MOTTRAM  VIADUCTS. 

By  Mb.  W.  Faibbaien,  F.R.S.,  M.  Inst.  C.E. 

After  alluding  to  the  many  advantages  resulting  from  the  application 
of  a  tenacious  but  flexible  material,  like  wrought-iron,  either  in  the  tubular 
girder,  or  other  forms  in  which  it  was  now  employed,  as  being  probably 
the  most  suitable  for  bridges  and  viaducts  of  great  width  and  span,  where 
strength  and  durability  were  required,  the  author  remarked,jthat  at  the 
present  time  there  did  not  appear  to  exist  any  inducement,  on  the  score  of 
economy,  for  the  introduction  of  a  perishable  material,  such  as  timber, 
into  structures  intended  to  be  of  a  permanent  character.  He  then  briefly 
described  the  original  condition  of  the  Dinting  and  the  Mottram  viaducts 
on  the  Sheffield  and  Manchester  railway,  which  were  erected  in  the  year 
1843-44,  under  the  direction  of  the  late  Mr.  Joseph  Locke.  The  former 
consisted  of  five  arches  of  125  feet  span,  and  the  latter  of  one  arch  of  150 
feet  and  two  of  125  feet  span,  constructed  of  timber  ribs  on  the  laminated 
principle.  As  was  generally  the  case  with  similar  structures,  within  ten 
or  twelve  years  after  their  erection,  the  timber  was  so  much  decayed  as  to 
endanger  their  security,  and  to  render  considerable  repairs  indispensable. 
It  was  then  contemplated  to  substitute  iron  work,  but  this  step  was  not 
finally  determined  upon  until  the  year  1858,  when  the  viaducts  were  again 
in  such  a  state  as  to  alarm  the  passengers.  It  was  stated  that,  the 
restored  portions  for  each  viaduct,  consisted  of  two  longitudinal  and 
continuous  tubular  iron  girders,  fixed  to  the  middle  piers,    and  free  to 
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expand  and  contract  in  the  direction  of  the  abutments.  To  the  top  of 
these  girders  iron  cross-beams  were  rivetted,  on  which  were  laid  the 
ongitudinal  sleepers  for  supporting  the  rails.  There  was  nothing  new  in 
the  construction  of  the  girders.  They  were  one-thirteenth  of  the  span  in 
depth,  and  the  areas  of  the  top  and  bottom  flanges  were  in  the 
proportion  of  7  to  6,  the  breaking  weight,  equally  distributed,  amounting 
to  12-58  tons  per  lineal  foot.  The  chief  novelty  was  in  the  mode 
of  erection,  and  in  the  method  of  substituting  iron  for  wood;  the 
Directors  of  the  Railway  Company  having  insisted  on  the  condition, 
that  the  traffic  should  not  be  interrupted  during  the  progress  of  the 
works.  Several  plans  were  proposed,  but  that  which  was  ultimately 
adopted  was  to  construct  the  girders  on  the  old  existing  platforms,  to  cut 
down  the  piers  and  the  abutments,  and  then,  by  a  simple  mechanical 
apparatus,  first  to  suspend  and  afterwards  to  lower  the  girders  into  their 
places.  A  stroug  wooden  frame,  about  16  feet  high,  was  erected  on  the 
pier  at  each  end  of  the  girder,  and  on  the  top  of  this  was  inserted  a  cast- 
iron  plate,  with  a  hole  in  the  centre,  through  which  a  square-threaded 
screw,  4i  inches  in  diameter,  was  passed.  Centered  on  this  screw,  and 
resting  on  the  cast-iron  plate,  was  a  bevil  wheel,  which  received  motion 
from  a  pinion,  in  connection  with  spur  gearing,  worked  by  crank  handles 
in  the  ordinary  manner.  On  the  lower  end  of  the  large  screw  was  forged 
an  eye,  to  receive  a  cross-bar,  having  links  at  each  extremity,  which 
hooked  under  the  angle  irons  at  the  sides  of  the  girder.  With  six  men  at 
the  handles,  each  girder  was  raised  and  lowered  into  its  place  in  one  hour. 
When  one  line  of  girders  was  thus  completed — the  whole  of  the  traffic 
having  in  the  meanwhile  been  carried  by  a  single  road — a  temporary  way 
was  laid  upon  this  line  of  girders,  and  the  traffic  was  transferred  to  it. 
The  girders  on  the  other  side  of  the  viaduct  were  next  constructed,  and 
when  they  were  finished,  the  iron  cross-beams  were  rivetted  to  these 
girders,  and  the  permanent  way  for  this  line  was  made  good.  The  trains 
were  again  passed  on  to  this  road,  the  permanent  way  on  the  other  side 
was  laid,  the  timber  arches  and  the  lraming  were  removed,  and  the 
viaduct  was  complete. 


ON  THE  PERENNIAL  AND  FLOOD  WATERS  OF  THE  UPPER 

THAMES. 
By  the  Rev.  J.  C.  C'LuiTEitBrcK,  M.A. 

The  object  of  this  communication  was  to  draw  attention  to  the  nature 
of  that  portion  of  the  water-shed  of  the  Thames  comprising  the  oolitic 
district,  and  containing  a  computed  area  of  1500  sqnare  miles,  situated  be- 
tween the  range  of  chalk  hills  bounding  the  Vales  of  Aylesbury  and  of 
White  Horse,  and  the  Cotswold  Hills  bounding  the  Vale  of  Evesham  and 
the  Valley  of  the  Severn.  It  was  shown  that,  the  Thames  ran  almost 
entirely  over  a  clay  bed  from  its  source,  about  4  miles  west  of  Cirencester, 
to  its  junction  with  the  Thame  stream,  the  limit  of  the  district  under 
consideration ;  and  that  it  was  the  mere  carrier  of  waters,  whether 
perennial,  or  Hood,  brought  in  by  its  tributaries,  a  description  of  which,  in 
the  order  they  joined  the  main  river,  was  given.  Those  running  from  X. 
to  S.  and  from  N.W.  to  S.E., — astheChnrn,  the  Coin,  the  Leach,  the  Wind- 
rush,  the  Evenlode,  and  the  Chcrwell, — received  their  perennial  waters 
from  oolitic  strata.  Those  flowing  from  8.  to  X.  originated  In  the  chalk 
hills,  from  the  escarpment  of  which  they  conveyed  the  back  drainage, 
slightly  augmented  by  that  of  the  upper  greensand,  and  then  passed  over 
the  gault  and  kimmeridge  clays,  either  to  the  main  stream,  as  the  Kay  and 
the  Cole,  »r  as  affluents  of  the  Ock  and  the  Thame,  from  which  the  prin- 
cipal supply  was  derived. 

The  geological  condition  of  the  source  of  the  main  stream  was  next 
noticed;  and  it  was  stated  that  the  whole  natural  bed  of  the  liver,  from 

Somerford  Keynes  to  Sandford,  below  Oxford,  was  scavation  in  the 

Oxford  clay,  Hanked  to  the  south  by  the  escarpment  of  the  coralline  oolite, 
which  rested  ohm  ridge  of  the  clay.  As  a  rule,  the  lower  levels  of  the 
valley,  including  also  in  many  places  the  oolitic  rock,  outcropping  to  the 
north  at  a  very  slight  angle  beneath  the  Oxford  olny,  were  covered  with 
drift  gravel.  Wheneverthe  Hoods  had  extended,  sand,  -ilt,  or  argillaceoni 
loam,  had  been  doposlfced-on  this gravel;  and  this  action  was  still  going 

OH,  governed  by  the  number  anil  charactei  of  the  floods.  Tim-,  Hie  bed  of 
the  river  was  :is  a  rule  gravel,  and  the  banks  a  warp,  tin-  accumulation  of 
nges.  There  were  instances  of  thechaiiL'e  of  bed  to  the  extent  of  several 
chains  in  width  ;  and  indeed  there  appeared  to  be  no  limit  to  these  devia- 
tions, hut  tin-  physical  features  of  the  valley.  These  tacts  badanimportanf 
bearing  on  any  improvement,  so  much  needed,  in  the  drainage,  oi  condition 
of  the  Thames  valley. 

The  perennial  waters  wore  either  used  for  mills,  or  for  navigation.  The 
mills  on  the  tributaries  were  numerous.  Between  Thames  Read  and 
Cricklade  they  were,  however,  virtually  deprived  of  water.  Prom  Crick- 
lade  to  Lechlade  the  water  was  not  applied  to  any  economical  use,  and 
again  from  Lechlade  to  Wolvercote,  8  miles  above  Oxford,  there  were  no 

mills.  The  gangings  Of  the  numerous  tributaries,  where  '.lev  joined  tie 
main  stream,  would  give  the  aggregate  of  the  water  that   it  carried;  but 


such  observations  had  been  neglected,  and  as  the  watersheds  were  very 
varied,  any  estimate  of  the  volume  of  these  streams  at  different  seasons 
would  be  difficult.  Most  of  these  tributaries  were  immediately  affected 
by  heavy  rains,  and  were  subject  to  flood.  The  gauging  of  the  main  stream 
was  beset  with  other  difficulties ;  as  the  height  and  passage  of  the  water 
was  divided  between  the  mills  and  the  navigation,  controlled,  indeed,  by 
stringent  regulations,  but  too  often  disregarded.  Though  it  was 
not  the  purpose  of  this  communication  to  deal  with  absolute  quantities 
derived  from  the  various  sources,  yet  it  was  believed  the  following 
gaugings,  the  result  of  several  years'  observations,  by  Mr.  Stacy,  the 
manager  of  the  mills  at  Wolvercote,  would  be  received  with  interest,  and 
would,  if  carried  in  out  in  other  places,  lead  to  valuable  results.  There 
were  no  mills  for  30  miles  above  Wolvercote,  and  the  navigation,  though 
'  flashes '  were  still  sent  down,  had  virtually  ceased.  Mr.  Stacy  had  found 
that,  in  the  summer  months,  the  river  had  a  mean  velocity  of  58ffc.  per 
minute,  when  the  total  yield  was  8120  cubic  feet  per  minute,  exclusive  of 
the  quantity  brought  down  twice  a  week  by  "  flashes,"  which  it  was  difficult 
to  estimate-  During  the  winter  months,  in  fine  weather,  without  frost, 
or  rain,  the  river  had  a  mean  velocity  of  94-9ft.  per  minute,  and  taking 
the  section  area  as  181*5  square  feet,  this  gave  a  volume  of  17,224  cubic- 
feet  per  minute.  In  moderate  rainy  weather,  without  floods,  when  the 
level  of  the  river  just  reached  the  high-water  navigation  mark,  the  total 
quantity  of  water  passing  through  the  mill  was  28,189  cubic  feet  per 
minute.  At  the  end  of  December,  1862,  under  similar  conditions,  the 
total  yield  was  35,498  cubic  feet  per  minute,  of  which  7738  cubic  feet 
might  be  taken  as  the  water  passing  from  the  main  stream  to  Wytham. 
These  data  suggested  the  necessity  of  adopting  a  standard  at  various 
stations,  so  that  the  results  might  be  compared  with  the  rainfall  when  the 
gaugings  were  taken.  At  the  same  time,  observations  were  made  on  the 
river  below  the  influx  of  the  Cherwell  and  the  Ock,  when  the  yield  was 
found  to  be  50,995  cubic  feet  per  minute,  being  an  excess  of  15,497  cubic 
feet  as  compared  with  Wolvercote,  and  of  which  excess  it  was  estimated 
that  7689  cubic  feet  were  brought  in  by  the  Cherwell,  and  the  remainder 
by  the  Ock  and  the  smaller  perrennial  streams.  The  verification  of  these 
quantities  was  prevented  by  a  fall  of  rain  of  nearly  half-an-inch,  in  a  few 
hours,  which,  at  the  expiration  of  thirty-six  hours,  doubled  the  volume  of 
the  Thame  stream,  and  added  about  30  per  cent,  to  the  volume  of  the 
main  river.  At  Wolvercote,  on  the  5th  of  January,  1863,  after  about  1 
inch  of  rain,  the  increase  was  from  27,986  to  is,  us  cubic  feet  perminute. 
The  rainfall  from  the  1st  to  the  7th  January,  1S63,  inclusive,  produced  % 
flood  in  the  Thames  under  circumstances  peculiarly  favourable  for  observa- 
tion. The- rain  recorded  during  this  period  averaged  l"61  inch  over  the 
whole  water-shed;  Dalton's  gauge,  at  Kernel  llempsted,  showing  a i 
l*52in.,  and  a  percolation  of  lTOin.  The  gaugings  of  the  main  river  at 
Wolvercote  then  amounted  to  82,500  cubic  feet  per  minute,  and  at  Clifton 
Hampden,  below  Abingdon,  to  IS1S32  cubic  feet  per  minute.  Of  this 
latter  quantity  I  1,765  cubic  feet  were  delivered  by  the  Cherwell  (or  an 
increase  of  :!7.<>66  cubic  feet  as  due  to  the  flood),  2 1, si;  i  cubic  feet  by  the 
Ock,  and  29,713  cubic  feet  by  the  mam  smaller  streams,  water-conrsee, 
and  land  drainage  outfalls,  issuing  into  the  river  between  Wolvercote  ami 
Clifton  Hampden,  a  distance  of  about  80  miles  by  the  river,  with  an 
average  fall  of  2ft.  per  mile,  from  a  computed  water  shed  of  ,S<>  square 
miles.  It  should  be  stated,  that  the  rainfall  on  tin-  Occasion,  On  the 
southern  part  of  the  district,  was  in  excess  of  the  average  more  than  half 
an  inch. 

The  state  of  the  navigation  between  Lechlade  and  Oxford  "as   then   cle- 
scribed.     It  was  remarked  that  from  running  on  one  stratum,  the  0 
clay,  and  from  other  causes,  it  ceased  to  be ;  although  the  physical  condit 

of  t  he  river  bed,  and  its    easy    gradients,    offered    facilities    for    e 

for  the    whole    tall    in    this   distance,    31    miles,  was   only     51ft.    .'tin.. 

about   1ft.    71  in.,  on  average   per    mile. 
The  highest  recorded  floods  on  the  Thames,  since  Januarj  B,  L784, 

then  alluded  to,  and    detail-    were    given    of   that    which    occurred    March 

29-81,  Ist;^.    Theacti if  land  drainage  on  flood-water  was  m   •        > 

sidered.     it  was  generally  admitted,  that  the  floods  in  the  mam  river       i 

its  tributaries  rose  re  rapidly    than    formerly;    there    being    tn  SOmi 

calities  an  advance  of  twenty  tour  in  seventy   two  hours  within  frs 

There  was  ■  difference  ol  opinion  as   to  the  lubaidei I 

water.      At   yet,    however,   it    was   believed,  thai    land   drainage  had 

produced  little  apparent   practical    elicit     on    the    volume    of   the 

perennial  water- of  the  upper  Thames. 

'I  h.-re  was  '.Treat  scope  for  Improvement  En  the  valleys  ofthe Thames  and 
its  tributaries,  i  ipedally  the  Thame,  the  Ock,  the  4  Iherwoll,  and  t  In-  Evi  n- 

lode.      With  a  view    to    prevent    injury    hv    floods,    Mr.    llryim    vTbod    bad 

fully  carried  out  leveral  Important  works,  based  on  a  system  i:i 
which  the  local  drainage  wai  tenanted  from  the  flood.  If.  by  some  ch 
plan,  the  tloods  were  brought  under  control,  ami  tin'  water  prevented  from 
remaining  stagnant  on  the  land,  property  would  be  Improved,  and  the 
sanitarj  condition  of  the  Valley  ol  the  Upper  Thames  would  bi    greatly 

benefited, 

11 
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A  STEREOMETRIC   TABLET  FOR  THE  COMPUTATION   OF 
EARTHWORK. 
By  Mr.  John  Warner,  of  Pennsylvania,  U.S. 

This  is  an  instrument  intended  to  assist  the  computation  of  earthwork 
by  the  method  of  transverse  ground  slopes.  The  measurements  taken  on 
the  field  are — the  length  of  the  work;  and,  at  each  end,  the  centre-height, 
C  H,  C  T  (Fig.  1)  ;  and  the  inclination  to  the  horizon  of  the  surface  line, 
D  E,  K  M,  of  each  cross  section.  To  simplify  the  explanation,  the 
surface  of  the  ground  is  assumed  to  be  plane. 

Plane  Surface. — The  problem,  then,  is  to  find  the  solidity  of  a  prismoid 
included  between  the  end  planes,  A  B  K  M,  A  B  D  E,  the  side  slopes,  B  D, 
A  E,  and  the  plane  surface  joining  M  K,  D  E.  The  elements  necessary 
for  computation  are — the  sum  of  the  whole  end  heights,  H  N,  T  N,  and 
the  difference  of  those  heights  ;  the  slope  or  inclination  to  the  horizon  of 
K  M  or  D  E ;  also  the  widtli  of  the  road  bed,  A  B,  and  the  rate  of  the 
side  slope ;  that  is,  the  inclination  of  B  K  or  A  E  to  the  horizon . 
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Fig.  1. 


Fig.  2. 


¥  Suppose  C  H  =  28-7,  CT  =  14-5,  the  slope  of  K  M  or  D  E  =  15°,  the 
width  of  road  bed,  A  B,  =  24  ft.,  the  side  slope  1J  to  1,  and  the  length  of 
the  work  100  ft.,  we  shall  then  have  the  sum  of  H  N  and  TN  =  43-2,  and 
their  difference  =  14*2* 

*  These  dimensions  will  be  easily  found  by  the  reader.  In  the  author's  treatise  on 
earthwork,  an  easy  system  of  obtaining  these  elements  is  taught ;  but  it  would  divert 
attention  from  the  main  subject  to  enter  now  on  further  explanation  of  this  point.  See 
Treatise,  Article  59,  p.  31  -.—New  Theorems,  Tables,  and  Diagrams,  for  the  computation  of 
Earthwork :  designed  for  the  use  of  engineers  in  preliminary  and  final  estimates  of  students 
in  engineering,  and  of  contractors,  and  other  nor-professional  computers.  Illustrated  by 
original  engravings,  and  a  series  of  lithographic  drawings  from  models,  showing  all  the 
combinations  of  solid  forms  which  occur  in  railroad  excavations  and  embankments.  8vo.  pp. 
316.    Philadelphia,  J.  B.  Lippincott  &  Co.,  1861. 

•The  Stereometric  Tablet  is  represented  in  Fig.  2.  It  consists  essentially 
of  a  flat  tablet,  A  B  E  H,  with  three  scales,  A  B  ;  C  1),  upon  a  pivot  at  C ; 
the  scale,  T ;  and  and  a  movable  square,  K.  The  back  of  the  square 
contains  a  vernier,  by  aid  of  which  distances  can  be  taken  upon  A  B  in 
feet  and  tenths. 

The  scale,  A  B,  is  called  the  radius  scale ;  C  D,  the  secant  scale  ;  and  T, 


the  tangent  scale.  Both  C  D  and  T  require  a  peculiar  graduation,  of  which 
we  shall  hereafter  speak  particularly.  At  present  it  is  sufficient  to  say 
that  C  D  represents  length,  and  T  represents  the  slope  of  the  ground 
surface. 

The  Stereometric  Scale,  (Fig.  4),  is  used  in  conjunction  with  the  tablet. 
Before  proceeding  to  exemplify  the  use  of  the  tablet,  it  would  be  proper 
to  show  the  use  of  this  scale.  It  is  employed  to  find  the  equivalent  sum 
of  heights,  that  is,  the  double  whole  end-height  (or  twice  the  height 
corresponding  to  T  N,  Fig.  1)  of  a  prism  standing  on  a  triangular  base 
similar  to  N  K  M,  of  the  same  length  as  the  given  prismoid  contained 
between  A  B  K  M  and  A  B  D  E,  and  having  the  same  solidity.* 


*  The  scale  is  easily  prepared  for  any  given  width  of  road  bed  and  rate  of  side  slope, 
but  we  cannot  here  enter  on  further  explanation  of  this  point.  See  Treatise,  Article  97, 
p.  48  ;  and  Article  12,  section  3,  p.  301. 

To  find  the  equivalent  sum  of  heights  by  the  scale,  the  method  will  be 
best  shown  by  an  example.     Take  the  dimensions  given  in  figure  1. 

The  sum  of  the  end  heights  is  43-2,  and  their  difference  14"2.  On  the 
first  side  of  the  scale,  marked  "  sums,"  take  43-2,  and  extend  the  dividers 
to  the  difference,  14-2,  on  the  scale  of  "  differences."  Keeping  the  dividers 
set,  go  to  the  second  side  of  the  scale,  place  one  point  at  the  mark  of  the 
surface  slope  15,°  as  nearly  as  can  be  estimated,  on  the  scale  of  "  degrees," 
and  read  the  number  to  which  the  dividers  reach  on  the  $cale  of  "  depths," 
say  58  ft. :  this  is  the  equivalent  sum  of  heights  required. 

To  find  the  Solidity  by  the  Tablet. — Take  the  same  example.  The 
scales  C  D  and  T  of  the  tablet  (Fig.  2)  are  supposed  to  be  proper  for 
the  given  side  slope,  1|  to  1.  We  must  now  go  on  to  the  tablet 
with  the  equivalent  sum  of  heights,  68,  as  above  found,  and  with  the 
surface  slope  15°. 

Set  the  square,  K,  to  read  68  upon  A  B,  and  set  the  scale,  C  D,  at  15° 
upon  T.  We  then  read  upon  C  D  as  marked  by  the  blade  of  the  square, 
say  109'7.  With  the  quantity,  109-7,  we  enter  a  suitable  table,  f  where, 
opposite  109  feet,  and  under  7-tenths,  we  find  the  content  of  the  work, 
say  5571  yards. 

If  desirable,  questions  of  the  following  kind  may  be  resolved  by  the 
tablet : — - 

Suppose  O  P  (Fig.  1)  to  represent  the  road  bed,  and  suppose  a  piece  of 
rock  cutting,  as  0  P  K  M,  to  begin  above  by  an  earth  cut,  M  K  D  E. 
How  is  the  computation  to  be  performed  ?J 

The  cross-section  of  one  end  of  the  work  only  (as  the  figure  now  viewed 
represents)  will  be  sufficient  to  illustrate  the  method  of  proceeding. 

Compute,  by  the  tablet,  the  rock  cutting  in  the  manner  just  described, 
t  Table  XV.  of  the  Treatise.  This  table  contains  the  eighth-parts  of  square  prisms  100 
ft.  long.  The  side  of  the  square  base  of  such  a  prism,  multiplied  by  V  8  would  give  the 
number  1097  above  used  to  enter  the  table.  See  Article  25,  section  5,  p.  312.  We  may, 
if  desired,  compute  by  tablet  the  whole  ground  inclosed  between  the  surface  and  intersec- 
tion of  side-slopes,  and  then  subtract  the  redundant  prism  standing.  (Article  85,  p.  41, 
and  13,  p.  302.) 

J  As  a  similar  question  was  proposed  when  the  tablet  was  exhibited,  the  answer  then 
given  may  be  appropriately  repeated  here.    Compare  Article  92,  p.  46. 

taking  care  that  the  scales,  C  D  and  T,  are  suitable  for  the  side  slope  of 
the  rock  cutting.  It  then  remains  to  compute  the  earth  cutting, 
M  K  D  E, 

Produce  the  side  slopes,  D  K,  E  M,  to  meet  in  N,  and  perform  this  on 
each  end  cross  section  ;  then  proceed,  as  before,  to  find   the  content  res- 
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pectively  of  the  solids  onSDE  and  N  K  M.  The  difference  of  these 
solids  is  the  earth  cutting,  KDEM. 

Where  the  end  cross  sections,  if  complicated  in  form,  can  be  reduced 
to  equivalent  triangular  cross  sections,  having  side  slopes  to  which  the 
tablet  applies,  an  approximate  result  can  generally  be  obtained.  But  the 
writer  will  not  now  elaborate  this  suggestion. 

The  pyramids,  and  truncated  pyramids,  which  frequently  occur  in 
benching  upon  hill-sipes,  may  be  computed  by  the  tablet. 

Suppose  H  B  K  and  ABD  (Fig.  3)  to  be  the  end  cross  sections  of  a 
truncated  pyramid.  Bisect  the  side-slope,  D  B  Q,  by  the  line  B  S,  and 
draw  B  X  perpendicular  to  B  S ;  BN  will  then  bisect  ABD.  By  draw- 
ing a  scale  of  feet  on  C  M  at  the  centre  of  the  road  bed,  and  also  on  B 
N,  and  by  appending  a  graduated  arc,  P  Q,  of  which  the  centre  may  be 
placed  at  C,  a  diagram  will  be  formed  on  which  various  cross  sections  may 
be  drawn  in  pencil,  and  erased  when  no  longer  needed.  The  scale  C  M 
will  be  convenient  for  taking  centre-heights,  the  arc  P  Q  will  give  the 
surface  slope,  and  the  scale  B  N  will  measure  new  heights,  which  are  to  be 
used  in  computation  by  the  tablet.  It  is  evident  that  these  new  heights, 
such  as  B  V,  correspond  entirely  with  such  heights  as  H  N  in  (Fig.  1) ; 
and  that  if  a  prism  standing  on  a  triangle  similar  toNDE  can  be  com- 
puted from  heights  similar  to  H  X,  so  can  in  Fig.  5,  a  prism  standing  on  a 
triangle  similar  to  A  B  D,  be  computed  from  heights  similar  to  B  V.  It 
will  only  be  necessary  to  take  care  that  the  scales,  C  D,  and  T  of  the 
tablet,  are  adapted  to  the  angle,  D  B  S,  as  the  side  slope,  and  to  the  angle 
between  A  D  and  B  S,  as  a  new  surface  slope.     Let  us  take  an  example  : — 

Example. — Suppose  the  width  of  road-bed  to  be  28ft.,  that  is,  B  C  14ft. ; 
the  centre  height  of  A  B  D  =  4-0,  of  H  B  K  =  2-1,  the  surface  slope  20°, 
the  side  slope  1  to  1,  the  length  of  the  work  100ft.  The  line,  B  V,  will 
be  found  to  measure,  say  8'6 ;  B  T  to  measure,  say  6'7.  The  sum  and  dif- 
ference of  these  new  heights  will  be  153  and  1'9.  Then  by  scale*  we 
shall  find  the  equivalent  sum  of  heights,  say  15-4.  Then  on  the  tablet 
(Fig.  2,  the  scales  C  D  and  T,  being  adapted  to  the  work),  take  15-4  upon 
A  B,  set  C  D  at  20°,  and  read  on  C  D,  say  34-0.  Then,  in  Table  XV., 
opposite  34ft.  and  under  0  tenths,  find  the  content,  say  535  yards. 

In  the  case  of  a  pyramid,  one  of  the  new  heights,  as  B  T,  will  be 
nothing ;  and  this  value  must  be  used  in  taking  the  sum  and  difference. 
Then  work  as  before. 

If  the  length  of  the  work  differs  from  100ft.,  the  solidity  as  above  found 
is  to  be  taken  proportionally  according  to  the  real  length. 

Warped  Surface. — We  have  assumed  the  surface  slope  at  both  ends, 
(Fig.  1),  to  be  the  same,  and  the  surface  a  plane.  If  the  slope  is  different 
at  the  two  ends,  or  if  it  is  in  opposite  directions,  the  surface  will  be 
warped.  In  this  case,  if  a  solid  can  be  found  with  a  plane  surface,  and 
containing  exactly  or  nearly  the  same  solidity  as  the  work  under  the 
warped  surface,  the  content  of  such  a  solid  can  evidently  be  computed 
by  the  tablet.  The  writer  has  shown  that  a  good  approximation 
may  be  obtained,  by  computing  as  for  a  prism  standing  on  the  mid  cross 
section  of  the  work.f  if  desired,  this  approximation  may  be  corrected 
by  means  of  a  small  second  term,  which  can  also  be  found  by  aid  of  the 
tablet.*  If  the  coinputor  chooses  to  assume  any  particular  height  and 
surface  slope  under  plane  ground  for  the  base  of  a  prism,  he  may  work  by 
the  tablet. 

Curves. — It  is  usual,  at  least  for  preliminary  estimates,  to  compute  on 
Carves  as  if  for  straight  work.  But  when  it  is  judged  desirable  to  take 
curvature  into  account,  the  [writer's  method  is  to  compute  :is  if  for 
straight  work,  of  the  given  end  dimensions,  and  100ft.  in  lengtll  ;  this 
may  be  done  by  the  tablet.  The  content  thus  found  is  then  corrected  for 
curvature,  after  which,  if  the  length  differs  from  100ft.,  the  corrected 
content  is  taken  proportional  to  the  length. § 

Graduation  of  Ihr  8cales  C  D  and  T. — For  cross  sections,  such 
as  Fig.  8,  we  may  take  A  H  on  a  scale  of  20ft.  to  the  inch  ;  then  divide 
lOin.  by   the  square  root  of  twice  the  rate  Of  side'  slope.     The  result    will 

correspond  to  lOin.  on  A  1> — that  Is,  the  length  thiii  found  will  contain 

200  parts  or  feet  upon  C  1).  Thus,  for  the  Side  slope  1]  t'i  1,  twice  tin- 
rate  of  dope  is  :i ;  then,  in  divided  by  s/  2  gives  5*7786.    Thii  length  hi 

divided  into   200  parts  on  CI). 

To  find  the  mark  on  the  scale, T,  which  corresponds  to  any  given  degreo 
of  surface  slope,  make  radius  equal  to  the  rate  of  side  slope,  draw  Irani 
the  centre  a  Hue  inclosing  with  radius  an  angle  equal  to  the  furfaoe  slope, 
and  tind  the  natural  tangent  of  this  angle  for  the  assumed  radios.    Then, 

With  radius  equal  to  unity,  take  the  tangent  thus  found  for  I  sine,  nnd 
construct  the  angle  corresponding  to  this  sine.     This  angle  is  the  angle  in- 


•  Hee  trcatlnc,  Article  D«,  p.  17,  and  Arii  le  12,  section  2,  p.  801.     'II, •■  width  of  I  lad- 
bed  on  the  stereometric  icalc  i  Fig.  8),  is  now  0, 

t  See  Treat l»«,  Vrtlclc  104  p.  62,  and  Articles  6, 7, 8,  pp,  288— 2fH,  for  the  as 

details. 

t  The  height  and  the  surface  slope  ol  the  racondsrj  prism  (Arttcli  8,  p.  -'">  DM]    be 
measured,  and  the  prism  competed. 
§  Sep  Treatise,  Article  105,  p.  63. 

Treatise,  Article  25,  sec.  6,  p,  312. 


eluded  between  A  B  and  C  D,  upon  (Fig.  2),  for  the  given  surface  slope. 
The  construction  is  simple  in  practice.* 

For  pyramids  and  truncated  pyramids,  proceed  to  graduate  the  scales  as 
before,  only  taking  care  to  use  the  half  of  the  angle  D  B  Q — that  is, 
DBS  (Fig.  3),  to  obtain  a  new  rate  of  side  slope ;  also  instead  of  the  real 
surface  slope,  D  A  Q,  to  use  the  angle  included  between  D  A  and  B  S.  The 
point  on  the  scale  T,  (Fig.  2)  however,  which  has  been  thus  obtained,  must 
be  marked  with  the  degree  of  the  real  surface  slope,  D  A  Q.  Two  gradua- 
tions will  arise,  one  counting  up  the  scale,  T,  and  the  other  down  it ;  for 
it  will  be  noticed  that  when  D  A  Q  =  S  B  Q,  the  new  surface  slope  of  D  A 
is  nothing — that  is,  the  mark  is  at  the  bottom  of  the  scale,  T.  The 
graduation  will  begin,  on  one  side  of  the  scale,  with  the  marks  for  the  lower 
numbers  of  the  real  surface  slope  running  down  until  the  real  surface  slope 
is  equal  to  S  B  Q,  when  the  bottom  of  the  scale  is  reached,  and  the  gradua- 
tion will  proceed  upwards  on  the  other  half  of  the  scale. 

Construction  of  the  Tablet  in  Practice. — The  body  of  the  tablet  may  be 
made  of  wood  not  liable  to  warp.  The  scales,  A  B  and  C  D,  and  the  square, 
K,  made  be  made  of  metal.  The  scale,  C  D,  adapted  to  a  particular  side 
slope,  may  be  changed  for  another  adapted  to  another  side  slope,  by  simply 
lifting  off  and  putting  over  the  pivot,  C.  If  desirable,  four  scales  may  be 
engraved  on  the  four  edges  of  C  D,  and  four  pivot  holes  placed  at  the  lour 
corners.  The  scale,  T,  for  any  particular  side  slope,  may  be  placed  upon 
one  of  the  faces  of  a  polygonal  roller  let  into  the  tablet.  Several  such 
rollers  may  be  made  if  desired. 

An  expert  draughtsman  may,  however,  prepare  his  own  tablet.  A  paper 
scale,  A  B,  can  be  pasted  on  the  edge  of  a  drawing  table.  The  square,  K, 
may  be  supplied  by  a  ""T-square  applied  to  the  edge  of  the  table  ;  or  the 
scale,  A  B,  may  be  pasted  on  the  edge  of  a  flat  rule,  and  a  right-angled 
triangle  applied  to  the  rule.  The  scale,  T,  may  be  graduated  on  paper, 
when  means  will  readily  be  devised  to  fasten  this  scale,  or  to  exchange  it 
for  another  when  necessary.  The  scale,  T,  should  have  its  zero  upon  a  line 
drawn  through  through  the  pivot,  C,  parallel  to  A  B.  The  vernier  of  the 
square,  K,  must  show  zero  upon  A  B  when  the  edge  of  the  blade  is  at  the 
centre  of  the  pivot,  C. 

The  writer  has  thus  shown  that  all  ordinary  problems  occurring  in  the 
method  of  transverse  slopes  can  be  expeditiously  solved  by  the  tablet,  with 
the  aid  of  a  single  table.  If  it  is  considered  sufficient  for  preliminary  esti- 
mates to  assume  the  ground  to  be  level  tiansversely,  the  tablet  is  simplified. 
It  will  then  only  be  neiessary  to  keep  the  scale,  C  D,  permanently  set  at 
0° — that  is,  to  draw  the  scales,  A  B  and  C  D,  side  by  side,  on  the  same 
paper.  The  square,  K,  and  scale,  T,  may  be  dispensed  with.  Or  an  in- 
strument may  be  constructed,  by  inserting  between  the  scales  a  movable 
slide,  instead  of  the  square,  K.  This  slide  may  be  set  to  the  proper  mark 
upon  A  B,  when  the  required  distance  upon  C  D  can  be  at  once  read.  If 
desired,  instead  of  reading  the  distance  on  C  D  and  then  going  into  Table 
XV.,  the  numbers  corresponding  to  the  divisions  of  C  1)  may  be  extracted 
from  the  table,  and  placed  on  this  scale  ;  the  difference  for  tenth-parts  may 
also  be  recorded.  The  instrument  may  be  of  sufficient  size  to  permit  the 
requisite  numbers  to  be  thus  placed.f 

Of  the  Nature  of  the  Ground  Surface. — Whether  or  not  it  is  sufficient 
for  preliminary  estimates  to  assume  the  surface  to  be  level  transversely, 
will  he  regarded  by  some  as  a  matter  of  opinion,  which  cannot  he  decided 
by  the  dictum  of  any  one  writer.  The  present  writer  does  not  consider 
this  assumption  sufficiently  accurate.  It  may  at  least  be  said,  in  favour  of 
taking  the  ground  slope  into  account,  that  the  labour  of  measuring  tin- 
slope  is  not   great,  and  that,  estimates  which  take  account  ofthil  slope  will 

approximate  t  i  the  truth  considerably  nearer  than  estimates  which  disre- 
gard this  element  of  computation.  This  may  he  c\emplied  in  the  following 
manner  :  — 

Let    the  length  l,c   1 0O(t.,  the  end  height s    13 ft.    and    '.lit.,    the    load   lied 

2lft.,  the  side  slope  lj  to  1,  the  surface  slope  9  •  The  content  will  be  found 
to  be  i777!i  yards,  Had  we,  with  these  dimensions,  assumed  the  ground 
to  be  level  transversely,  we  should  have  fonnd  for  the  content  1 667  "4  yards, 
which  li  toe  little  by  120*8  yards,  or  aboul  7  pen  eent.  The  mean  height 
of  the  given  section  ii  lift.,  and  the  content  for  this  mean  height  nndei 

'.I     slope  is    1770, yards.       I'ndei    lev  .-1  ground  we  should  liud    177"    yiii.l 

correspond  toe  mean  height  a  little  over  n  jft. 

Again,  suppose  a  mean  height  of  5ft.  with  the    other    dimensions    ;i>    l.e- 

fore,  i  nder  9  we  find  the  content  to  be  689*6  varda  j  thii  quantity  under 
level  ground  corresponds  to  a  mean  height  s  little  leu  that   5i*gft-j  the 

actual  content   under  level  ground  for  a  mean   depth  of  5ft  Is  688*8   yards, 

which  is  too  little  by  56*2  yards,  or  about  9  per  cent,  too  little. 

it  therefore  appears,  that  with  the  not  unusual  dimensions  of  these  ex- 
amples, the  error  ofi iputaiioi,  la  from  7  to  9  per  cent.,  and  this  error 

con'responds  to  an  error  of  about  |  foot  In  taking  the  levels.    Booh  errors 

in  levelling  for    preliminary    estimates    would    not,    the    writer    think-,    be 
•    lie-  Tablet  i     a  mechanical   exhibition  Ol  diagrams  -inolnr   to   Umi    of  ri.it-    KIV. 

e,  A  It,  corn  C  Kj  I sis  C  D  to  •'  •  .  lbs  *  sle,  I .  U> 

the  margin  ol  the  Plata,  and  ti"-  square,  K,  to  the  line  k  <■     Poi 
fUrther  iletaiN  »ce  artloJei  18,  24,  26,  pi 
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tolerated  even  by  engineers  who  might  consider  it  sufficient  in  practice 
to  neglect  the  transverse  slope.*  It  was  asked  at  the  meeting^  whether 
computation  by  transverse  slopes  is  not  going  out  of  use  in  America.  The 
■writer  is  not  aware  that  this  is  the  case.f  The  true  question  to  be  settled, 
however,  is  whether  or  not  this  mode  of  computation  ought  to  be  retained. 
To  settle  this,  we  should  look  rather  to  the  necessity  of  the  case  than  to 
indirect  proofs  founded  on  a  supposed  disuse  of  the  method.  In  the  writer's 
opinion,  it  is  as  necessary  to  attend  to  the  transverse  slope  in  computation, 
as  it  is  to  take  into  account  single  tenths  of  feet  in  the  end  heights.J  It 
has  long  been  held  by  American  authorities  to  be  necessary,  and  it  is  still 
their  practice  to  take  the  tenths  into  account.§ 

The  writer  will  not  here  enter  into  a  formal  discussion  of  the  most  pro- 
bable hypothesis  concerning  the  form  of  the  ground  surface.  It  is  suffi- 
cient to  express  his  belief  that,  at  least  for  preliminary  estimates,  the  com. 
puter  may  use  the  tablet  with  advantage,  because  he  can,  either  according 
to  some  hypothesis  he  may  adopt,  or  by  an  empirical  estimate,  ||  find  centre 
heights  and  serface  slopes  which  will  give  a  good  approximate  result.  The 
faciliity  and  expedition  in  the  employment  of  the  tablet  will,  he  thinks 
make  it  a  valuable  instrument,  not  only  to  professional  engineers,  but  to 
contractors  and  other  non -professional  computers,  who  may  either  desire 
to  test  the  computations  of  engineers,  or  to  prepare  for  duty  in  a  field 
corps. 


RESULTS    OP    AN    EXPERIMENTAL    INQUIRY    INTO    THE    COM- 
PARATIVE TENSILE  STRENGTH  AND  OTHER  PROPERTIES  OP 
VARIOUS  KINDS  OP  WROUGHT  IRON  AND  STEEL. 
By  Me.  David  Kiekaldy. 

Mr.  Kirkaldy  exhibited  several  cases  of  the  fractured  specimens  upon  which 
Ids  experiments  were  made ;  and.  by  way  of  introduction  to  the  discussion, 
there  were  read  from  his  treatise  the  following-  conclusions  arrived  at  by  Mr. 
Kirkaldy  in  the  course  of  his  inquiry : — 

1.  The  breaking  strain  does  not  indicate  the  quality,  as  hitherto  assumed. 

2.  A  high  breaking  strain  may  be  due  to  the  iron  being  of  superior  quality, 
dense,  fine,  and  moderately  soft,  or  simply  to  its  being  very  hard  and  unyielding. 

3.  A  low  breaking  strain  may  be  due  to  looseness  and  coarseness  in  the 
texture,  or  to  extreme  softness,  although  accompanied  by  very  close  and  fine 
quality. 

4.  The  contraction  of  area  at  fracture,  previously  overlooked,  forms  an  essential 
element  in  estimating  the  quality  of  specimens. 

5.  The  respective  merits  of  various  specimens  can  be  correctly  ascertained  by 
comparing  the  breaking  strain  jointly  with  the  contraction  of  area. 

6.  Inferior  qualities  show  a  much  greater  variation  in  the  breaking  strain  than 
superior. 

7.  Greater  differences  exist  between  small  and  large  bars  in  coarse  than  in  fine 
varieties. 

8.  The  prevailing  opinion  of  a  rough  bar  being  stronger  than  a  turned  one  is 
erroneous. 

9.  Rolled  bars  are  slightly  hardened  by  being  forged  down, 

10.  The  breaking  strain  and  contraction  of  area  of  iron  plates  are  greater  in 
the  direction  in  which  they  are  rolled  than  in  a  transverse  direction. 

11.  A  very  slight  difference  exists  between  specimens  from  the  centre  and 
specimens  from  the  outside  of  crank-shafts. 

12.  The  breaking  strain  and  contraction  of  area  are  greater  in  those  specimens 
cut  lengthways  out  of  crank-shafts  than  in  those  cut  crossways. 

13.  The  breaking  strain  of  steel,  when  taken  alone,  gives  no  clue  to  the  real 
qualities  of  various  kinds  of  that  metal. 

14.  The  contraction  of  area  at  fracture  of  specimens  of  steel  must  be  ascer- 
tained as  well  as  those  of  iron. 

15.  The  breaking  strain,  jointly  with  the  contraction  of  area,  affords  the 
means  of  comparing  the  peculiaiities  in  various  lots  of  specimens. 

16.  Some  descriptions  of  steel  are  found  to  be  very  hard,  and,  consequently, 
suitable  for  some  purposes ;  whilst  others  are  extremely  soft,  and  equally  suitable 
for  other  uses. 

17.  The  breaking  strain  and  contraction  of  area  of  puddled-steel  plates,  as  in 


*  In  these  comparisons  we  may  assume  a  plane  surface  both  for  the  level  and  the  sloping 
ground. 

t  Thisjmethod  is  still  practised  by  eminent  engineers  in  that  country.  Both  during  the 
preparation  of  his  work  and  since  its  publication,  the  writer  received  the  testimony  of 
high  American  authority  as  to  the  value  of  this  mode  of  computation. 

t  Tables  VII.  and  IX.  afford  the  means  of  comparing,  by  inspection  of  the  Table  the 
difference  in  content  caused  by  a  change  of  one-tenth  foot  in  mean  height  under  the  same 
degree  of  slope,  and  the  difference  due  to  a  change  of  one  degree  of  slope  with  the 
same  mean  height.  Such  a  comparison  will,  the  writer  thinks,  support  the  opinion  of 
the  text. 

§  See  Ellwood  Morris,  C.E.,  in  Journal  of  Franklin  Institute,  vol.  xxv.,  second  series, 
p.  23.  Mr.  Morris  objected  to  the  Tables 'of  Macneil,  not  only  that  they  did  not  extend 
to  tenths  of  feet  in  height,  but  that  they  were  restricted  to  level  ground. 

||  Although  the  writer  will  not  assume  the  responsibility  of  recommending  empirical 
processes  yet  it  must  be  observed  that  those  who,  for  the  sake  of  expedition,  resort  to 
empirical  processes,  cannot  consistently  object  to  the  following  passage :— Empirical  pro- 
cesses here  must  be  compared  with  other  empirical  processes  for  facility  and  approximate 
accuracy.  A  small  empirical  increase  of  the  ecmivalent  sum  of  heights,  in  order  to  make 
up  for  neglecting  the  differences,  would  probably  lead  to  closer  results  than  disregarding 
the  surface  slope  and  assuming  the  ground  to  be  level  transversely,  although  known  to 
be  considerably  inclined.  Such  an  empirical  process  would  simplify  the  operation  of  the 
ntcreometric  scale.    (Compare  Article  101,  p.  50.) 


iron  plates,  are  greater  in  the  direction  in  which  they  are  rolled ;  whereas  in 
cast-steel  they  are  less. 

18.  Iron,  when  fractured  suddenly,  presents  invariably  a  crystalline  appear- 
ance; when  fractured  slowly,  its  appearance  is  invariably  fibrous. 

19.  The  appearance  may  he  changed  from  fibrous  to  crystalline  by  merely 
altering  the  shape  of  the  specimen  so  as  to  render  it  more  liable  to  snap. 

20.  The  appearance  may  be  changed  by  varying  the  treatment  so  as  to  render 
the  iron  harder  and  more  liable  to  snap. 

-21.  The  appearance  may  be  changed  by  applying  the  strain  so  suddenly  as  to 
render  the  specimen  more  liable  to  snap,  from  having  less  time  to  stretch. 

22.  Iron  is  less  liable  to  snap  the  more  it  is  worked  and  rolled. 

23.  The  skin  or  outer  part  of  the  iron  is  somewhat  harder  than  the  inner  part, 
as  shown  by  appearance  of  fracture  in  rough  and  turned  bars. 

24.  The  mixed  character  of  the  scrap-iron  used  in  large  forgings  is  proved  by 
the  singularly  varied  appearance  of  the  fractures  of  specimeus  cut  out  of  crank- 
shafts. 

25.  The  texture  of  various  kinds  of  wrought-iron  is  beautifully  developed  by 
immersion  in  dilute  hydrochloric  acid,  which,  acting  on  the  surrounding  impuri- 
ties, exposes  the  metallic  portion  alone  for  examination. 

26.  In  the  fibrous  fractures  the  threads  are  drawn  out,  and  are  viewed  exter- 
nally, whilst  in  the  ci'3'stalline  fractures  the  threads  are  snapped  across  in 
clusters,  and  are  viewed  internally  or  sectionally.  In  the  latter  cases  the  fracture 
of  the  specimen  is  always  at  right  angles  to  the  length ;  in  the  former  it  is  more 
or  less  irregular. 

27.  Steel  invariably  presents,  when  fractured  slowly,  a  silky  fibrous  appear- 
ance ;  when  fractured  suddenly,  the  appearance  is  invariably  granular,  in  which 
case  also  the  fracture  is  always  at  right  angles  to  the  length  ;  when  the  fracture 
is  fibrous,  the  angle  diverges,  always  more  or  less  from  90°. 

28.  The  granular  appearance  presented  by  steel  suddenly  fractured  is  nearly 
free  of  lustre,  aud  unlike  the  brilliant  crystalline  appearance  of  iron  suddenly 
fractured ;  the  two  combined  in  the  same  specimen  [axe  [shown  uin  iron  holts 
partly  converted  into  steel. 

29.  Steel  which  previously  broke  with'a  silky  fibrous  appearance  is  changed 
into  granular  by  being  hardened. 

30.  The  little  additional  time  required  in  testing  those  specimens  whose  rate  of 
elongation  was  noted  had  no  injurious  effect  in  lessening  the  amount  of  breaking 
strain,  as  imagined  by  some. 

31.  The  rate  of  elongation  varies  not  only  extremely  in  different  qualities,  but 
also  to  a  considerable  extent  in  specimens  of  the  same  brand. 

32.  The  specimems  were  generally  found  to  stretch  equally  throughout  their 
length  until  close  upon  rupture,  when  they  more  or  less  suddenly  drew  out, 
usually  at  one  part  only,  sometimes  at  two,  and,  in  a  few  exceptional  cases,  at 
three  different  places. 

33.  The  ratio  of  ultimate  elongation  may  be  greater  in  short  than  in  long 
bars  in  some  descriptions  of  iron,  whilst  in  others  the  ratio  is  not  affected  by 
difference  in  the  length. 

34.  The  lateral  dimensions  of  specimens  form  an  important  element  in  com- 
paring either  the  rate  of,  or  the  ultimate,  elongations — a  circumstance  which  has 
been  hitherto  overlooked. 

35.  Steel  is  reduced  in  strength  by  being  hardened  in  water,  while  the  strength 
is  vastly  increased  by  its  being  hardened  in  oil. 

36.  The  more  highly  steel  is  heated  (without  of  course  running  the  risk  of 
being  burned)  the  greater  is  the  increase  of  strength,  on  its  being  plunged 
into  oil. 

37.  In  a  highly  converted  or  hard  steel,  the  increase  in  strength  and  in  hard- 
ness is  greater  than  in  a  less  converted  or  soft  steel. 

38.  Heated  steel,  by  being  plunged  into  oil  instead  of  water,  is  not  only  con- 
siderably hardened,  but  toughened  by  the  treatment. 

39.  Steel  plates  hardened  in  oil  and  joined  together  with  rivets  are  fully  equal 
in  strength  to  an  unjoined  soft  plate ;  or  the  loss  of  strength  by  rivetting  is 
more  than  counterbalanced  by  the  increase  in  strength  by  hardening  in  oil. 

40.  Steel  rivets  fully  larger  in  diameter  than  those  used  in  rivetting  iron  plates 
of  the  same  thickness  being  found  to  be  greatly  too  small  for  rivetting  steel 
plates,  the  probability  is  suggested  that  the  proper  proportion  for  iron  rivets  is 
not,  as  generally  assumed,  a  diameter  equal  to  the  thickness  of  the  two  plates 
to  be  joined. 

41.  The  shearing  strain  of  steel  rivets  is  found  to  be  about  a  fourth  less  than 
the  tensile  strain. 

42.  Iron  holts,  case-hardened,  bore  a  less  breaking  strain  than  when  wholly 
iron,  owing  to  the  superior  tenacity  of  the  small  proportion  of  steel  being  more 
than  counterbalanced  by  the  greater  dutility  of  the  remaining  portion  of  iron. 

43.  Iron  highly  heated  and  suddenly  cooled  in  water  is  hardened,  and  the 
breaking  strain,  when  gradually  applied,  increased,  but  at  the  same  time  it  is 
rendered  more  liable  to  snap. 

44.  Iron,  like  steel,  is  softened,  and  the  breaking  strain  reduced,  by  being 
heated  and  allowed  to  cool  slowly. 

45.  Iron  subjected  to  the  cold-rolling  process  has  its  breaking  strain  greatly 
increased  by  being  made  extreme^  hard,  and  not  by  being  "  consolidated,"  as 
previously  supposed. 

46.  Specimens  cut  out  of  a  crank-shaft  are  improved  by  additional  hammering. 

47.  The  galvanizing  or  tinning  of  iron  plates  produces  no  sensible  effects  on 
plates  of  the  thickness  experimented  on.  The  results,  however,  may  be  different 
should  the  plates  he  extremely  thin. 

48.  The  breaking  strain  is  materially  affected  by  the  shape  of  the  specimen. 
Thus  the  amount  borne  was  much  less  when  the  diameter  was  uniform  for 
some  inches  of  the  length  than  when  confined  to  a  small  portion — a  peculiarity 
previously  unascertained  and  not  even  suspected. 

49.  It  is  necessary  to  know  correctly  the  exact  conditions  under  which  any 
tests  are  made,  before  we  can  equitably  compare  results  obtained  from  different 
quarters. 
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50.  The  startling  discrepancy  between  experiments  made  at  the  Royal  Arsenal, 
and  by  the  writer,  is  due  to  the  difierence  in  the  shape  of  the  respective  speci- 
mens, and  not  to  the  difference  in  the  two  testing  machines. 

51.  In  screwed  bolts  the  breaking  strain  is  found  to  be  greater  when  old 
dies  are  used  in  their  formation  than  when  the  dies  are  new,  owing  to  the  iron 
becoming  harder  by  the  greater  pressure  required  in  forming  the  screw  thread 
when  the  dies  are  old  and  blunt,  than  when  new  and  sharp. 

52.  The  strength  of  screw-bolts  is  found  to  be  in  proportion  to  their  relative 
areas,  there  being  only  a  slight  difference  in  favour  of  the  smaller  compared 
with  the  larger  sizes,  instead  of  the  very  material  difference  previously 
imagined. 

63.  Screwed  bolts  are  not  necessarily  injured  although  strained  nearly  to  their 
breaking  point. 

ol.  A  great  variation  consists  in  the  strength  of  iron  bars  which  have  been 
cut  and  welded;  whilst  some  bear  almost  as  much  as  the  uncut  bar,  the 
strength  of  others  is  reduced  fully  a  third. 

55.  The  welding  of  steel  bars,  owing  to  their  being  so  easily  burned  by  slightly 
over-heating,  is  a  difficult  and  uncertain  operation. 

56.  Iron  is  injured  by  being  brought  to  a  white  or  welding  heat  if  not  at  the 
same  time  hammered  or  rolled. 

57.  The  breaking  strain  is  considerably  less  when  the  strain  is  applied 
suddenly  instead  of  gradually,  though  some  have  imagined  that  the  reverse  is 
the  case. 

58.  The  contraction  of  area  is  also  less  when  the  strain  is  suddenly  applied. 

59.  The  breaking  strain  is  reduced  when  the  iron  is  fro/en ;  with  the  strain 
gradually  applied,  the  difierence  between  a  frozen  and  unfrozen  bolt  is  lessened, 
as  the  iron  is  warmed  by  the  drawing  out  of  the  specimen. 

60.  The  amount  of  heat  developed  is  considerable  when  the  specimen  is 
suddenly  stretched,  as  shown  in  the  formation  of  vapour  from  the  melting  of  the 
layer  of  ice  on  one  of  the  specimens,  and  also  by  the  surface  of  others  assuming 
tints  of  various  shades  of  blue  and  orange,  not  only  in  steel,  but  also,  although 
in  a  less  marked  degree,  in  iron. 

61.  The  specific  gravity  is  found  generally  to  indicate  pretty  correctly  the 
quality  of  specimens. 

i;2.  The  density  of  iron  is  decreased  by  the  process  of  wire-drawing,  and  by 
the  similar  process  of  cold-rolling,  instead  of  increased,  as  previously  imagined. 

0:3.  The  density  in  some  descriptions  of  iron  is  also  decreased  by  additional 
hot -rolling  in  the  ordinary  way  ;  in  others  the  density  is  very  slightly  increased. 

64.  The  density  of  iron  is  decreased  by  being  drawn  out  uuder  a  tensile  strain, 
instead  of  increased,  as  believed  by  some. 

(;■">.  The  most  highly  converted  steel  does  not,  as  some  may  suppose,  possess 
the  greatest  density. 

66.  In  cast  steel  the  density  is  much  greater  than  in  puddled  steel,  which  is 
even  less  than  in  some  of  the  superior  descriptions  of  wrought-irou. 

The  breaking  strain  per  square  ineli  of  wrought-iron  is  generally  stated  to  be 
about  twenty-five  tons  for  bar-  and  twenty  ton-  for  plate-.  This  corresponds 
very  nearly  with  the-  results  of  the  writer's  experiments,  of  which  the  following 
table  presents  a  condemned  summary  : — 


Highest. 

Lowest. 

Mean. 

188  Bars.'rollcd 

lbs. 
68,848 

63,715 

62,-'  1 1 
00,756 

lbs. 
41,584 

37,909 

37,174 

32,450 

lbs.             Tons. 
57,555     =    26  I 

•,1729     =    24i 

60,737-) 

16,171.) 

1  tiT"  Plates,  lengthways    

10O  Plate-.  CTOSSWays   

Although  the  breaking  -train  i-  generally  assumed  to  be  about  36  ton-  for  bar- 
end  20  tons  for  plates,  vcrj  great  difference  of  opinion  exists   as   t<>   the  amount 

Orking   strain,   or  the   load   which    can   with   safety   be  applied    in 
practice.    The  latter  is  various!)  stated  al  from  a  third  to  o  tenth.     It  will  he 

observed  that  whilst  much  discussion  has   arisen    as    to    the   amount    of  working 

strain,  or  the  ratio  the  load  should  bear  to  the  breaking  train,  tin-  important 
circumstance  of  the  quality  of  the  iron,  as  influencing  t  he  working  -train,  or  the 

i  the  load  should    bear    to   the  breaking   strain,    the   important  cireum 
of  the   quality   of  the  iron,  a-   influencing   the    working   strain,   ha-    been   over- 
looked.     The    Hoard   of    Trade   limits   the  .-train   to  5    ton-,  or    11,2001b*.    pet 

square  inch. 
It  must  l>e  abundantl]   evident,  from  tie    faots  which  oavi    been  produced, 

that  the  breaking  -tram,  when  taken  alone,  gives  a  false  impress of,  instead 

of  indicating,  the  real  quality  of  tin-  iron,  a-  the  experiments,  which  have  been 
instituted  reveal  the  somewhat  startling  fact,  thai  rrequenth  the  inferior  kinds 
of  iron  actually  yield  a   higher  result    than   the    superior,     Tin'   real >l   tlu- 

differeuee  was  shown  to  be  due  to  the  foot,  thai  while  thi a  quality   retained 

He  original  area,  only  very  -li -Ml-,  decreased   1>\    the    ham,  the  other  in 

to  less  tlian  one-half.     Now,  surclj  this  variation,  hitherto  unaccountably 
oompletch  overlooked,  is  ol  importance  a-  indicating  the  relative  hardni 
softness  ol  the  material,  and  thus,  it  is  submitted,  I i    ■  i  i      lentialele nt  in 

Icring  the  safe  load  that  can  he  practically   applied   in    rariou 
t  in  inline  in  mind  th  tie    matei i  il  baa  the 

of  lessening  the  amount  of  the  breaking  strain,   it    lias   the   rer)    opp 
effect  a-  regards  the  working  -train.    Thi-  bold      I   for  two  res 

liter  the  iron  the  less  liable  it   i-  to  snap;  ami   -r.  .ml,  tin tofl   iron. 

being  more  uniform  in  quality,  can  be  more  depended  upon  in  practice.    Hence 


the  load  which  this  description  of  iron  can  suspend  with  safety  may  approach 
much  more  nearly  the  limit  of  its  breaking  strain  than  can  be  attempted  with 
the  harder  or  coarser  sorts,  where  a  greater  margin  must  necessarily  be  left. 

Special  attention  is  now  solicited  to  the  practical  use  that  may  be  made  of 
the  new  mode  of  comparison  introduced  by  the  writer,  viz  :  the  breaking  strain 
per  square  inch  of  the  fractured  area  of  the  [specimen,  instead  of  the  breaking 
strain  per  square  inch  of  the  original  area. 

As  a  necessary  corollary  to  what  he  has  just  endeavoured  to  establish,  the 
writer  now  submits,  in  addition,  that  the  working  strain  should  be  in  propor- 
tion to  the  breaking  strain  per  square  inch  of  fractured  area,  and  not  to  tlu 
breaking  strain  per. square  inch  of  original  area,  as  heretofore.  He  does  not 
presume  to  say  what  that  ratio  should  be,  but  he  fully  maintains  that  some 
kinds  of  iron  experimented  on  by  him  will  sustain  with  safety  more  than  double 
the  load  that  others  can  suspend,  especially  in  circumstances  where  the  load  is 
unsteady,  and  the  structure  exposed  to  concussions,  as  in  a  ship,  or  to  vibratory 
action,  as  in  a  railway  bridge. 

The  writer  has  not  attempted  to  explain  the  cause  of  the  mysterious  change 
produced  .on  steel  [by  heating  it  and  plunging  it  into  water,  or  the  no  less 
singular  result  effected  by  plunging  it,  when  heated,  into  oil.  Neither  has  ho 
tried  to  account  for  the  mysterious  change  produced  by  subjecting  iron  to  the 
processes  of  cold-rolling  or  wire-drawing.  The  explanation  offered  by  some, 
of  this  difficult  question,  that  the  iron  and  steel  are  condensed  by  the  processes 
to  which  they  are  subjected,  is  completely  contradicted  by  fact,  the  metal  being 
actually  expanded.  The  aim  of  the  writer  being  strictly  to  ascertain  facts,  and 
state  the  conclusions  which  he  considers  to  be  fairly  deducible  from  them,  ho 
has  not  felt  himself  warranted  in  attempting  to  speculate  on  a  subject  respeel 
which  so  little  is  yet  known. 

In  conclusion  the  writer  ventures  only  to  express  a  hope  that  the  experiments 
on  which  he  has  been  so  long  and  unremittingly  engaged,  may  not  prove  wholly 
unserviceable  to  practical  science  and  the  world  at  large.  The  importance  of 
possessing  a  thorough  knowledge  of  the  capabilities  and  strength  of  substances 
on  which  the  lives  and  property  of  so  many  human  beings  depend,  no  one  will 
attempt  to  deny.  The  only  excuse,  if  indeed  excuse  it  can  be  called,  for  em- 
ploying an  inferior  description  of  material  in  the  rearing  of  structures  on  the 
stability  of  which  such  niomentuous  issues  are  involved,  is  ignorance  or  misap- 
prehension of  its  proper  quality.  The  writer  has  endeavoured,  by  a  plain  state- 
ment of  facts,  to  furnish  some  information  on  a  subject  which  seems  until  now 
to  have  been  denied  the  attention  which  its  paramount  importance  demands. 
Were  this  question  fairly  taken  up  and  considered,  some  security  might  be 
afforded  against  the  repetition  in  future  of  disasters  occasioned  by  its  being  so 
often  practically  ignored.  The  necessity  of  using  nothing  but  the  very 
descriptions  of  metal  where  human  life  or  valuable  property  is  at  stake  may, 
he  trusts,  come  soon  to  be  more  generally  recognised  than  is  is  at  present 
And  an  increased  demand  for  the  finer  varieties  may  conduce  to  a  generous 
emulation  amongst  the  manufacturers  to  improve  still  further  the  quality  of 
their  productions.  Should  his  labours  tend  in  any,  even  the  smallest  degree 
to  diminish  the  annual  sacrifice  of  life  and  property  occasioned  by  faulty 
material  and  workmanship,  he  will  feel  the  satisfaction  that  they  have  at  least 
not  been  entirely  in  vain. 

Mr.  Kirkaldy  exhibited  490  selected  specimens,  which  were  contained 
in  five  cases,  uamcbj — 

In  Case  I.        9  iron  bars,  showing  elongation  and  lateral  contraction. 
1  iron  plate,  do.  do. 

1  steel  plate.  do.  do. 

In  Case  II.     42  steel  bars,  showing  fractures  and  contraction  of  area. 
105  iron  bars,  do.  do. 

In  Case  III.  JO  steel  plates,  do.  da 

On  iron  plates,  do.  do. 

j  i  angh  -iii. n.  &o.       do.  do. 

Ill  Case  IV.   30  iron  bars,  showing  fractures  and  ellerts  of  difference  of  shape. 

10 iron    bar-,    showing    butane   and   afreets  of  difference  of 

treatment.        ' 
12  steel  bars,  do.  do. 

12  iron  plat.-.  do.  do. 

16  iron  bare,  showing  fractures  an. I  eflfl  dm  suddonly 

illy  applied. 

In  1  !    ir-,  -how  In  |  w,  ,1  boltB, 

IS  iron  1  i  uts. 

I  ireel  bar-.  do, 

20  iron  ban  texture  as  developed  by  acid. 

H  iron  plate-,  ,|,,,  ,|„. 

n  plate,  with  mrflwe  cold-rolled. 

■1  iron  bar-,  with  -mlaee  OOld-TOU 
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tons  per  square  inch  up  to  28£  tons,  the  last  named  being  given  by  Mr.  Mallet  as 
the  result  of  experiments  upon  large  hammered  bars  which  bore  but  from  23  tons 
to  24  tons  in  tension. 

When,  however,  we  come  to  the  question  of  safe  working  strength,  much 
difference  of  opinion  exists  among  engineers,  the  permanent  supporting  power  of 
iron  being  variously  estimated  at  from  four-tenths  down  to  one-tenth  of  its 
breaking  strength.  Thus  when,  some  fifteen  years  ago,  a  royal  commission  sat 
to  inquire  into  the  application  of  iron  to  railway  structures,  the  late  Mr.  Glynn, 
in  his  evidence,  recommended  that  a  cast  iron  bridge  should  never  be  loaded  be- 
yond one-tenth  of  its  ultimate  strength.  The  late  Mr.  Stephenson,  with  several 
other  engineers,  thought  a  ratio  of  one-sixth  sufficient,  while  the  late  Mr.  Brunei 
was  satisfied  with  a  ratio  of  from  two-fifths  to  one-third  :  or,  in  other  words,  if 
a  girder  would  just  bear  100  tons  of  distributed  load,  he  would  put  from  33  tons 
to  40  tons  upon  it,  where  Mr.  Stephenson  would  allow  not  more  than  17  tons  and 
Mr.  Glynn  only  10  tons. 

Were  we  now  to  have  another  commission  entrusted  with  the  same  inquiry,  it 
is  not  unlikely  that  as  great  a  difference  of  opinion  would  be  found  still  existing. 
.  For  there  is  no  acknowledged  natural  principle  upon  which  the  safe  load  of  iron 
has  j'et  been  determined,  and  in  the  absence  or  oversight  of  such  a  principle  each 
engineer  must  be  governed  by  his  own  judgment  of  what  is  safe  and  prudent.  It 
is  true  that  the  authority  of  the  Board  of  Trade  has  been  so  far  exercised  in  this 
matter  as  to  have  limited  engineers,  in  the  design  of  wrought  iron  railway  bridges, 
to  maximum  tensile  strains  of  5  tons  per  square  inch ;  and  although  it  is  com- 
monly believed  that  with  wrought  iron  a  compressive  strain  of  from  4  tons  to  4£ 
tons  corresponds  to  a  tensile  strain  of  5  tons,  the  Board  of  Trade  impose  the  same 
limit  of  strain  for  both  the  top  and  bottom  chords  of  a  wrought  iron  girder. 
The  limit  of  5  tons  per  square  inch,  it  is  hardly  necessary  to  say,  is  an  entirely 
arbitrary  one,  nor  is  it  modified  according  to  the  quality  of  the  iron  and  work- 
manship'in  a  structure.  Thus,  in  girder  bridges,  plate  iron  is  used  of  which  the 
breaking  strength  is  occasionally  not  more  than  1 8  tons  per  square  inch.  In 
punching  the  rivet  holes,  however,  and  irrespective  of  the  loss  of  the  metal  actually 
punched  out,  the  solid  iron  remaining  between  the  holes  is  injured,  so  much  so 
that,  in  a  series  of  experiments  made  many  years  ago  by  Mr.  Fairbairn,  the  mean 
tensile  strength  of  seven  specimens  was  reduced  from  52,4861b.  per  square  inch 
before  punching  to  41,590lb.  per  square  inch  of  solid  iron  left  between  the  holes 
after  punching, — more  than  20  per  cent,  of  the  strength  of  the  iron  being  de- 
stroyed by  punching,  a  loss  distinct  from  that  of  the  metal  actually  punched  out. 
Drilled  rivet  holes,  it  is  satisfactory  to  know,  are  now  being  adopted  in  the  best 
class  of  bridge  work,  but  in  bridges  already  erected  and  containing  plates  occa- 
sionally no  stronger  than  18  tons  per  square  inch  before  punching,  the  loss  of 
strength  ascertained  by  Mr.  Fairbairn  wonld  diminish  this  to  about  14£  tons  for 
the  net  section  of  metal  between  the  rivet  holes.  On  the  other  hand  the  best 
suspension  bridge  links  have  a  strength  of  from  26  tons  to  28  tons  per  square 
inch  of  section,  and  yet  the  Board  of  Trade  inspecting  officers  would  not  probably 
depart  from  the  arbitrary  limit  of  a  maximum  strain  of  5  tons  in  either  case. 
As  far,  therefore,  as  is  necessary  to  meet  the  requirements  of  the  authorities,  good 
iron  and  sound  workmanship  go  for  little  or  nothing ;  and  not  only  does  this  re- 
mark apply  to  the  interference  of  the  Board  of  Trade,  but,  in  the  case  of  Chelsea 
Suspension  Bridge,  the  chains  of  which  are  believed  to  have  a  tensile  strength  of 
upwards  of  25  tons  per  square  inch,  two  of  the  leading  members  of  our  profession 
have  declared  that  structure  to  be  unsafe  until  it  shall  have  been  so  strengthened 
that  the  greatest  load  which  the  heaviest  traffic  is  likely  to  bring  upon  it  shall  not 
exceed  5  tons  per  square  inch  of  the  sectional  area  of  "the  chains.  The  highest 
authorities,  weave  justified  in  supposing,  would,  at  the  same  time,  be  satisfied 
with  the  same  maximum  strain  in  the  chords  of  a  plate  girder  bridge,  even  if  the 
actual  breaking  strength  of  the  solid  iron  between  the  rivet  holes  did  not,  as  we 
have  reason  to  believe  it  often  does  not,  exceed  15  tons,  or  three-fifths  that  of  the 
links  of  Chelsea  Bridge. 

From  the  illustrations  given,  the  elasticity  of  solids  appears  to  be  no  more 
than  the  range  or  play  of  the  attractive  and  repulsive  forces  of  matter,  as 
variably  exerted,  but  within  the  limits  of  rupture  or  crushing.  Thus  elasticity 
is  the  same  in  kind  whether  the  repulsive  or  separating  force  be  externally 
applied,  or  whether  it  be  that  of  heat  acting  between  the  molecules  of  the  body. 
If  a  bar  of  good  wrought  iron  be  stretched  to  the  one-thousandth  part  of  its 
length,  corresponding,  say,  to  a  strain  of  ten  tons  per  square  inch,  its  elasticity 
will  be  fully  excited  or  nearly  so,  and  it  will  not  support  a  much  greater  strain 
without  taking  a  permanent  set.  It  is  true  that,  if  the  same  bar  of  iron,  when 
not  under  strain,  be  heated  to  from  150  to  200  deg.  above  its  normal  temperature, 
it  will  also  elongate  by  one-thousandth  part  of  its  length,  and  that  without 
injury.  But  if  this  elongation  take  place  under  a  compressive  strain,  or,  if  the 
iron,  first  raised  in  temperature  by  200  deg.  and  thereby  elongated,  be  attached 
to  two  fixed  points,  and  thus,  while  cooling,  be  made  to  contract  under  strain,  it 
will  be  found  that  an  elongation  of  not  far  from  one-thousandth  of  the  original 
length  of  the  bar  is  the  most  that  can  be  borne  without  injury,  even  when  that 
elongation  is  due  to  heat  alone.  But  if  the  iron  be  first  heated  sufficiently  to 
soften  it,  as  railway  tyres  and  gun  hoops  are  heated,  the  particles  will  be  re- 
arranged, and,  within  certain  limits,  without  injury;  but  after  the  metal  has 
once  cooled  below  the  temperature  at  which  the  particles  have  the  mobility 
necessary  for  this  re-arrangement,  any  further  contraction  around  an  unyielding- 
object  will  be  attended  with  permanent,  and,  there  is  reason  to  believe,  injurious 
strain.  Even  in  setting  railway  tyres,  it  is  believed  to  be  best  to  put  them  on 
cold,  and  under  -radnated  pressure,  and  in  the  case  of  gun  hoops.  Captain 
IJlakely  and  Mr.  Mallet,  who  appear  to  be  entitled  to  the  credit  of  the  modern 
system  of  the  ringed  construction  of  artillery,  have  always  insisted  upon  the 
importance  ol  a  definite  degree  of  shrinkage  of  each  ring,  so  that  the  consequent 
strain  shall  not  exceed  the  elastic  limit  of  the  material.  Sir  William  Armstrong 
has  stated  that  ho  does  not  consider  any  especial  accuracy  essential  in  the  dis- 
tribution ot  the  strains  imparted  by  shrinking  his  gun  hoops  upon  each  other, 
out  it  may  be  questioned  how  far  the  failures  of  so  many  of  the  Armstrong 
guns  have  been  due  to  neglect  in  this  respect. 


It  would  be  interesting  to  know  the  precise  maimer  in  which  a  separating 
strain  acts  upon  the  molecules  of  iron,  or  rather  to  know  the  successive  positions 
of  the  atoms  during  the  application  of  the  strain.  We  are,  however,  without 
any  positive  knowledge  of  the  positions  which  the  atoms  assume  in  solidification 
and  under  subsequent  forging,  but  the  multifarious  forms  in  which  all  atoms 
visibly  crystallise  serve  to  show  us  that  they  cannot  all  be  at  equal  distances 
from  each  other  throughout  the  whole  body.  If  they  were,  the  arrangement 
would  be  that  of  cannon  balls  in  a  triangular  pyramidal  pile.  Could  we  visibly 
represent  the  atoms,  as  occupying  the  angles  of  an  infinite  number  of  equilateral 
triangles,  we  should  understand  that  a  linear  strain  acting  to  separate  any  two 
of  the  atoms  would,  at  the  same  time,  draw  a  third  atom,  if  not  a  number  of 
atoms  partly  between  them.  And  when,  from  this  intrusion,  the  repulsive  force, 
or  heat,  always  enveloping  the  intruding  atom,  had  once  overpowered  the  attrac- 
tive or  cohesive  force  existing  between  the  two  atoms  thus  strained  apart,  these 
would,  in  turn,  cohere  anew  to  the  atom  which  had  been  drawn  in  between  them, 
and  thus  we  should  have  a  permanent  rearrangement  of  the  atoms,  or,  in  other 
words,  a  permanent  set,  with  permanent  elongation  in  one  direction,  and  per- 
manent contraction  in  a  plane  at  right  angles  thereto.  That  the  atoms  are 
thus  drawn  into  parallel  rows  of  straight  lines,  in  many  kinds  of  iron  at  least, 
seems  evident  from  the  appearance  of  fracture,  which  presents  stringy  collec- 
tions of  particles  forming  what  is  commonly  called  fibre,  although  there  is 
great  reason  for  doubting  that  anything  like  fibre  existed  in  the  iron  before  it 
was  broken.  Mr.  Kirkaldy's  recent  extensive  experiments  appear  to  show,  as 
many  others  have  shown,  that  iron  may  be  made  to  break  short  or  to  break 
with  an  appearance  of  fibre,  just  according  as  it  is  broken  with  a  sudden  blow 
or  a  gradual  pull.  Something  like  fibre  may  be  imparted,  on  a  coarse  scale,  by 
repeated  rolling  or  in  wire-drawing,  but  it  is  more  probable  that  masses  of 
atoms  are  thus  drawn  into  strings  then  that  any  fibre  is  really  imparted  to  the 
atomic  arrangement  itself. 

It  is  commonly  held  that,  within  certain  limits  of  strain,  iron  is  perfectly 
elastic.  There  are  high  authorities,  however,  who  maintain  that  iron  takes  a 
permanent  set  under  even  very  moderate  strains.  If  we  are  to  understand  that 
the  set  is  exceedingly  small,  this  may  be  true.  The  late  Mr.  Hodgkinson,  for 
example,  remarked,  on  the  381st  page  of  his  "  Experimental  Researches,"  that 
two  cast  iron  beams  took  each  a  permanent  set  with  weights  respectively  equal 
to  one  fifty-seventh  and  one-eightieth  of  the  breaking  weight.  In  a  discussion 
at  the  Institution  of  Civil  Engineers,  a  Mr.  Dines  mentioned  that  he  had  tested 
upwards  of  8000  cast  iron  girders  for  the  late  Thomas  Cubitt,  and  that  he  found 
it  hardly  possible  to  apply  a  weight  so  small  as  not  to  produce  some  permanent 
set,  one-twentieth  of  the  breaking  weight  producing  a  perceptible  set.  In  the 
experiments  of  the  Iron  Commission  at  Portsmouth  a  bar  of  annealed  wrought 
iron  50ft.  long  was  said  to  have  taken  a  perceptible  set  with  a  weight  of  less 
thar.  l£  tons  per  square  inch.  After  this  weight  had  been  doubled,  however, 
the  set  was  still  only  perceptible ;  and  notwithstanding  that  the  elasticity  of 
annealed  iron  is  known  to  be  inferior  to  that  of  unannealed  bars,  the  whole  set 
of  the  50ft.  bar  was  but  the  ^io  Pai't  of  one  inch,  after  a  strain  of  8J  tons  per 
square  inch  had  been  borne ;  and  the  set  was  but  the  J5  of  an  inch  in  50ft. 
after  a  strain  of  11"9  tons  per  square  inch.  Mr.  Edwin  Clark  has  experimented 
on  a  wrought  iron  bar  10ft.  long  and  lin.  square.  Under  a  strain  of  3  tons  per 
square  inch  he  gives  a  permanent  set  of  nearly  the  -j-iiuo  Pal'k  °f  an  incn  in  10ft. 
With  8  tons  the  permanent  set  is  given  as  about  the  x^ws  °f  an  mcu  'n  10ft., 
and  it  was  not  until  a  strain  of  13  tons  per  square  inch  had  been  applied  that 
a  set  of  gVin.  in  10ft.  became  apparent.  With  such  exceedingly  minute  measure- 
ments, we  may,  perhaps,  doubt  if  there  was  really  any  permanent  set  at  all,  with 
strains  under  9  or  10  tons  per  square  inch.  An  increase  of  temperature  in  the 
bar  of  perhaps  a  single  degree,  while  the  measurements  were  being  made,  would 
more  than  account  for  some  of  the  reported  sets,  even  under  considerable  strains. 
Thus  Mr.  Edwin  Clark  gives  the  permanent  set  of  his  bar,  after  a  strain  of  8 
tons  per  square  inch,  as  the  tsssiu  Pal'*  °f  its  length,  and  this  is  almost  exactly 
what  the  extension  of  the  bar  would  have  been  had  its  temperature  been  raised 
but  a  single  degree  between  the  observations.  Iron  is  heated  in  the  very  act  of 
straining  it,  and  a  sudden  breaking  strain  will  generally  leave  the  broken  ends 
too  hot  to  be  handled.  Such  a  slight  apparent  extension  might  also  have  occurred 
while  the  shackles  by  which  the  bar  was  strained  were  coming  to  their  bearings. 
But  even  if  such  a  microscopic  permanent  set  really  existed,  it  is  one  of  which 
no  engineer  would  take  the  slightest  serious  notice  as  affecting  the  strength  of 
the  bar  in  which  it  was  observed.  With  the  means  of  measurement  commonly 
employed  by  engineers,  ordinary  wrought  iron  is  seldom  permanently  stretched 
until  after  it  has  borne  strains  of  upwards  of  8  tons  per  square  inch.  In  seven 
experiments  by  Professor  Barlow,  on  wrought  iron  bars  10ft.  long,  two  of  them 
retained  their  full  elasticity  under  a  strain  of  11  tons  per  square  inch,  three  bars 
bore  10  tons  without  injury,  while  one  bore  9|  tons,  and  another,  made  from  old 
furnace  bars,  did  not  retain  its  elasticity  beyond  a  strain  of  8i  tons  per  square 
inch.  All  the  links  for  Pesth  Suspension  Bridge,  upwards  of  5000  in  number, 
and  12ft.  long  from  centre  to  centre,  were  tested  without  permanent  set  up  to  9 
tons  per  square  inch,  and  those  of  Chelsea  Suspension  Bridge  were  tested,  with- 
out permanent  elongation,  up  to  13J-  tons  per  square  inch.  Mr.  Edwin  Clark, 
from  the  results  of  his  experiments,  considers  that  the  limit  of  elasticity  of 
wrought  iron  is  12  tons  per  square  inch,  and  this  appears  to  have  been  adopted 
by  him  both  for  bars  having  a  breaking  weight  of  24  tons  and  for  plates  having 
a  breaking  weight  of  20  tons.  Every  chain  cable  purchased  by  the  Admiralty  is 
tested  up  to  11'46  tons  per  square  inch  of  the  metal  in  each  side  of  the  link,  the 
standard  test  being  6301bs.  for  each  circular  Jin.  of  the  diameter  of  the  iron  of 
which  the  cable  is  made,  one  half  of  this  strain  coming  upon  each  side  of  the 
link.  The  iron  of  which  the  cables  are  made  does  not,  as  a  rule,  take  any  per- 
manent set  when  strained  to  this  amount,  or  to  sa3r  ll^-  tons  per  square  inch. 
Mr.  Howard  has  stated  that  the  best  iron  begins  to  stretch  permanently  under 
about  10  tons  per  square  inch  in  10ft.  lengths,  although  he  occasionally  tests  up 
to  15  tons  or  16  tons  per  square  inch,  the  breaking  weight  being  from  26  tons  to 
28  tons.    Mr.  Mallet,  about  four  years  ago,  presented  to  the  Institution  of  Civil 
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Engineers  the  results  of  a  valuable  series  of  experiments  on  wrought  iron  and 
puddled  steel,  from  which  it  appeared  that  the  elastic  limit  and  the  breaking 
strain  under  tension  were,  in  the  case  of  certain  samples,  as  follows : — 

Elastic  Breaking 

limit.  weight. 

Hammered  slab  or  bar,  12in.  x  4in 15'312  tons.     ...     24'062  tons. 

Hammered  bar    14-219    „        ...     22-969    „ 

Rolled  slab  or  bar,  12in.  x  4in 10-937    „        ...     22-969     „ 

Rolled  bar    W937    „        ...     22969     ., 

Fagotted  forged  slab,  4ft.  x  4ft.  x  lft 8750    „        ...     18-591    „ 

Original  faggot  bars,  Horsfall  gun  12-031    „        ...     21-875     „ 

Longitudinal  cut,  forged  mass 9'844    „        ...     19*688     „ 

10937     .,        ...     17-900    „ 

Circumferential  „  6"562    „        ...     16-406    „ 

„  .,  5-470    „        ...     16716    „ 

Transverse       „  „  3-281     „        ...       6-562     „ 

Charcoal  rolled  bar  from  borings  from  the  \     -.t-jn  22-3!>l 

Horsfall  gun    )      °    '       "        '"     ""*'    "      " 

Sir  Marc  Brunei  made  a  number  of  experiments  on  Yorkshire  iron,  hammered 
to  small  dimensions,  or  from  jin.  to  Jin.  square.  A  very  high  elastic  limit  was 
obtained,  as  follows  : — 

Mean  of  ten  bars  began  to  stretch  with  22'2  tons  per  square  inch,  the  mean 
breaking  weight  being  30-4  tons  per  square  inch.  With  ten  other  bars  the  mean 
strain  at  which  they  began  to  stretch  was  21-4  tons,  the  breaking  strength  being 
32'3  tons  per  square  inch.  It  is  to  be  borne  in  mind,  however,  that  these  bars 
were  reduced  by  the  hammer  only  at  the  centre  of  their  length,  and  that,  there- 
fore, the  stretching  could  be  observed  upon  but  a  very  small  part  of  their  length. 
Mr.  John  A.  Roebling,  the  engineer  of  the  Niagara  Suspension  Bridge,  has  made 
experiments  upon  bars  similarly  drawn  down  to  jin.  square  at  the  centre,  the 
breaking  weight  being  33  tons  per  square  inch  ;  these  bars  bore  a  strain  of  20^ 
tons  per  square  inch  with  visibly  stretching,  and  when  no  jar  was  given  to  the  bars 
they  would  support  the  strain  for  a  week.  Upon  any  vibration,  however,  the  bars 
immediately  took  a  permanent  set. 

Under  strains,  however,  considerably  within  the  elastic  limit,  a  gradual  re- 
arrangement of  the  particles  of  the  iron  commences;  and  if  the  strain  be  con- 
tinued sufficiently  long,  permanent  set  will  after  a  while  take  place.  The  late  M. 
Vicat,  whose  work  on  limes  and  mortars  is  so  well  known,  began  as  early  as  1830 
to  investigate  the  effect  of  continued  strains  on  unannealed  iron  wire.  He  ap- 
plied various  strains  to  similar  wires  of  a  known  breaking  strength,  and  con- 
tinued these  strains  from  July,  1830,  to  October,  1833.  One  wire  was  strained  to  one- 
fourth  its  breaking  weight,  but  beyond  the  elongation  which  at  once  took  place  no 
additional  stretching  occurred  in  thirty-three  months.  A  second  wire  was  strained 
to  one-third  of  its  breaking  weight,  and  in  thirty-three  months  it  stretched  at 
the  rate  of  2}  parts  in  every  1000  parts  of  its  length,  this  stretching  being  addi- 
tional to  that  which  took  place  as  soon  as  the  weight  was  applied,  but  which,  of 
itself,  was  not  sufficient  to  immediately  produce  any  permanent  set.  Under  a 
strain  of  one-hall'  of  the  breaking  weight  another  wire  was  stretched  rather 
more  than  4  parts  in  every  1000  parts  of  its  lei  gth.  Under  a  strain  of  three- 
fourths  of  the  breaking  weight  a  fourth  wire  stretched,  in  thirty-three  months, 
6$  parts  in  every  1000  parts  of  its  length,  and  then  broke,  which  circumstance 
terminated  the  experiments.  M.  Vicat's  account  of  them  appeared  in  the  54th 
volume  of  the  second  series  of  the  Annates  de  Chimie  et  Physique.  It  is  to  be 
regretted  that,  in  place  of  the  constantly  recurriug  experiments  upon  the  breaking 
strengtli  of  iron,  and  which,  as  is  already  beginning  to  be  understood,  gire  us 
but  a"very  partial  knowledge  of  its  available  working  properties,  we  have  not  a 
larger  experimental  acquaintance  with  the  continued  supporting  power  of  iron, 
as  afforded  by  experiments  similar  to  M.  Vicat's.  Mr.  Fairbairn,  it  is  true, 
made  an  extensive  series  of  experiments  between  the  years  1837  and  1812,  to 
ascertain  how  long  bars  of  cast  iron  would  support  weights  equal  to  about 
nineteen-twenticths  of  their  breaking  weight.  By  taking  care  to  prevent  any 
vibration  in  or  about  the  bars,  several  of  them  continued,  for  five  years  and 
upwards,  to  support  nearly  their  full  breaking  weight.  Their  defloction  steadily 
increased,  however,  daring  the  whole  time,  and  Mr.  Fairbairn  has  stated  that  some 
of  these  bars  afterwards  broke  with  but  one-twentieth  of  their  original  breaking 
weight.  As  bearing  upon  the  last  mentioned  circumstance.it  may  be  remarked 
that  M.  Vicat,  writing  in  1888,  observed  that  M.  Henri,  an  engineer  serving  in 
Russia,  had  already  shown  that  iron  which  had  once  withstood  a  great  proof 
strain,' often  broke  some  time  afterwards  under  a  much  less  strain.  This  fact 
must  indeed  have  been  known  to  practical  men  even  earlier  than  in  1880. 

Now,  in  employing  iron  in  any  structure  where  it  is  subjected  to  strain,  we 
seek  to' keep  within  its  limit  of  elasticity.  Yet  not  only  have  we  hut  a  com- 
paratively small  number  of  recorded  experiments  to  show  as  what  this  limit  is, 
even  under  a  single  and  temporary  strain,  but  we  havo  at  least  the  result  of 
M.  Vicat's  experiments  to  show  as  that  we  oannot  depend  upon  anything  like 

this  limit  under  a  long-continued  strain.   What  experimental  knowledge  we  have 

goes  to  show  that  the  original  elastic  limit  oi  iron  i<  greater  when  hammered 

than  when  rolled,  but  we  are  unable  to  const  with  any  dogrec  of  certainty  upon 

the  ultimate  superiority  ot  hammered  iron,  in  this  respect,  after  long-continued 

strain.     As  a  rule,   also — the   abundant   evidence  of   which   it    \,  not,   perhaps, 

necessary  to  introduce  into  the  present  paper  —all  harsh,  hard,  crystalline  irons 

have  a  higher  elastic   limit,  in  proportion    to  their  breaking  strengtli,  than  soft, 

ductile,  highly  fibrous  irons,  like  Swedish  bar,  for  example ;  that  h  to  say,  the 
harder  irons  will  bear  a  greater  strain  before  taking  a  permanent  set,  although, 
m  we  shall  presently  have  occasion  to  inquire,  it,  may  not  follow  that  they  are 

really  superior  toother  irons  which  are  more  readily  stretched,  and  which,  indeed, 
may  have  an  even  less  breaking  weight.    What,  information  we  have  goes  to 

show  that  there  is  no  settled  relation  between  the  elastic  limit  and  the  breaking 
weight  of  iron  ;  the  former  is  muofa  more  variable  than  the  latter,  and  can  hardly 
| tpressed  at  all  ;i-  an  average  result,  ranging,  as  it  does,  from  less  than  one- 
fourth  to  more  than  two-thirds  of  tin-  breaking  weight  ;  or  if  the  elastic  limit  be 


taken  irrespective  of  the  breaking  weight,  the  instances  already  cited  show  that 
the  former  varies  from  3£  tons  up  to  24£  tons  per  square  inch  in  different  quali- 
ties of  iron,  although  the  range  in  ordinary  bar  iron  and  plate  iron  is  not  nearly 
as  great.  Now,  no  engineer,  in  apportioning  the  strains  in  a  structure,  would 
think  of  working  up  to  or  near  to  the  breaking  strength  of  iron.  His  object  is 
to  keep  within  the  elastic  power  of  the  iron  as  exerted  through  a  very  long  series 
of  years.  We  ought  by  this  time  to  have  hundreds  of  trustworthy  experiments 
upon  this  point  where  there  is  now  one.  If  the  safe  working  strength  of  a  metal 
is  limited,  as  it  would  appear  to  be,  by  its  measure  of  permanent  perfect  elasticity, 
we  may  sa3'  that  we  hardly  know,  even  yet,  what  is  the  strength  of  the  materials 
we  are  constantly  dealing  with,  notwithstanding  that  not  a  year  passes  without 
some  addition  to  our  stock  of  knowledge  of  breaking  weights. 

While  we  are  about  considering  the  permanent  injury  which  iron  suffers  when 
strained  beyond  its  elastic  limit,  it  is  to  be  understood  that  iron  may  be  strained 
for  a  short  time  almost  up  to  the  breaking  point  without  in  the  least  dimi- 
nishing its  strength  under  a  breaking  weight  subsequently  applied.  Indeed,  in 
gradually  applying  the  breaking  strain  to  any  sample  of  iron,  it  is  clear  that  it 
must  have  borne  10  tons  before  it  is  subjected  to  a  strain  of  15  tons,  and  that  it 
must  have  borne  15  tons  before  it  is  strained  to  20  tons,  and  so  on.  Not  only  is 
this  the  case,  but  after  a  bar  of  iron  has  been  actually  broken  under  a  tensile 
strain,  the  two  broken  portions  of  the  bars  will  almost  always  require  a  still 
higher  strain  to  break  them.  The  weakest  spot  in  the  bar  will  fail  first ;  and 
although  the  breaking  strain  will  at  the  same  time  permanently  stretch  the  bar 
throughout  its  whole  length,  the  iron  on  each  side  of  the  fracture  will  still  have 
its  original  breaking  strength.  Professor  Barlow's  treatise  on  the  Strength  of 
Materials  contains  the  results  of  several  experiments  made  at  Woolwich  Dock- 
yard, as  follow : — 

A  bolt  of  Solly's  patent  iron  was  nicked  at  one  place,  and  then  broken  by  a 
strain  of  267  tons  per  square  inch.  One  of  the  pieces  was  then  tried  and 
broke  at  29j  tons.  In  the  next  experiment  a  bar  of  the  same  iron  was  first 
broken  with  23J  tons  per  square  inch,  then  again  with  26^-  tons,  a  third  time 
with  267  tons,  and  a  fourth  time  with  25j  tons. 

Mr.  Thomas  Lloyd,  engineer  to  the  Admiralty,  made  a  like  series  of  experi- 
ments a  few  years  ago,  on  ten  bars  of  SC  crown  iron,  lfin.  in  diameter,  and 
4  J  ft.  long.  The  mean  breaking  weight  at  the  first  breakage  was  23'91  tons  per 
square  inch.  At  the  second  breakage,  with  pieces  3ft.  long,  the  mean  strength 
was  2086  tons  per  square  inch.  At  the  third  breakage,  with  pieces  2ft.  long, 
2706  tons  per  square  inch,  and  at  the  fourth  breakage,  with  15in.  lengths, 
292  tons  per  square  inch.  Mr.  Lloyd's  experiments  have  been  held  to  show 
that  iron  was  actually  strengthened  by  stretching  it ;  or,  in  .other  words,  that 
by  destroying  the  cohesion  at  one  point,  the  cohesion  was  everywhere  else  in- 
I  creased.  A  more  obvious  explanation  is  that  the  bars  first  broke  at  the  weakest 
part,  then  again  at  the  next  weakest  part,  and  so  on.  A  variation  of  from 
2391  tons  to  292  tons  in  the  strength  of  the  same  bar  is  undoubtedlv  lar"-e, 
;  the  greater  strength  being  22  per  cent,  more  than  the  lesser :  a  difference  which 
I  appeared  to  exist  in  each  of  the  ten  bars  tried.  It  is  well  known,  however,  that 
,  hardly  any  two  bars  of  iron  have  exactly  the  same  strength,  and  Mr.  William 
Roberts,  manager  of  Mesjrs.  Brown,  Lenox,  and  Co.'s  extensive  chain  cable 
works  at  Millwall,  has  cut  a  12ft.  bar  of  iron  into  2ft.  lengths,  and  found  on 
testing  that  there  was  a  difference  of  strength  of  20  per  cent,  between  the 
strongest  and  the  weakest  of  these  pieces.  In  the  experiments  of  the  Railway 
Iron  Commission  upon  the  extension  of  cast  iron,  the  strength  of  Lowmoor 
cast  bars  was  7*326  tons  per  square  inch  at  the  first,  and  8'162  tons  at  the 
second  breakage.  Blaenavon  iron  broke  with  O'ool  tons  per  square  inch  at  the 
first,  and  0738  tons  at  the  second  breakage,  (jartsherrie  iron  broke  with  7-567 
tons  per  square  inch  at  the  first,  and  8'475  tons  at  the  second  breakage.  Other 
cast  iron  bars  of  a  certain  mixture  broke  with  60125  tons  per  square  inch  at 
the  first,  and  (i'777  tons  at  the  second  breakage,  the  latter  being  at  an  unsound 
place.  Upon  these  results  the  commissioners  remarked  that  "  it  would  appear 
that  iron,  repeatedly  broken,  becomes  more  tenacious  than  it  was  originally. 
This  erroneous  conclusion  may  be  obviated  by  considering  that  it  would  be  very 
difficult,  if  not  impracticable,  to  obtain  cast  iron  bars  perfectly  sound  and  60ft. 
long.  Fracture  may  be  supposed  to  take  place  the  first  time  at  the  largest  defect 
and  subsequently  at  those  smaller,  until,  finally,  none  remain."  It  is  not  in- 
tended, however,  in  the  present  paper,  to  entirely  deny  that  the  breaking  strength 
of  iron  may  be  actually  increased  by  being  stretched  when  cold  ;  and  this  point 
may  be  left  as  an  open  question.  That  iron  is  so  strengthened  derives  some 
probability  from  the  known  fact  that  its  strength  is  greatly  increased  by  being 
drawn  cold  into  wire,  and  also  by  cold  rolling.  When  heated  moderately,  or  to  less 
than  a  dull  red,  and  then  stretched,  iron  is  si  lengthened  throughout.  This  treat- 
ment is  known  as  thermo-teiision,  and  in  an  extensive  course  of  experiments 
made  about  twenty  years  ago  by  Professor  Walter  R.  Johnson,  for  the  United 
States  Government,  a  total  gain  of  nearly  30  percent,  in  strength  and  length, 
taken  together,  was  estimated  to  have  been  obtained  with  a  variety  of  irons. 
A  bar  of  iron,  having  a  Strength  of  80  tons,  was  heated  to  upwards  of  fiOO  de- 
grees, and  then  stretched  by  lU  per  cent,  of  its  length,  when  it  acquired  a 
strength  of  7-  ton-,     I  aptain  Blakely  has  lately  proposed    the  same   treatment 

of  iron,  and  his  experiments,  it  is  understood,  corroborate  those  ut'  Professor 

Johnson.  All  the  links  made  for  the  four  great  pitch  chains  employed,  with  the 
Steamship  Great  Britain!*  engines,  for  getting  up  the  speed  of  the  screw,  wen 

stretched  gin.  while  at  a  dull  red  beat. 

Hut  from  what  has  bean  said,  it  is  not  to  be  Supposed  that  iron  is  not  injured 
by  excessive  strains,  not  withstanding  that  the  metal  Strained  ma\ .  when  tried 
immediately  afterwards,  still  retain  its  full  breaking  strength.  The  injury  will 
appear  when  a  subsequent    working  strain  is  long  oOntinOM  ;  and  even  without, 

wailing  for  this,  it  will  be  found  that  the  strained  iron  has  been  deprived  of  a 
large  part,  if  not  the  whole,  of  its  natural  elasticity.  In  a  paper  of  great  value, 
read  marly  seven  yean  ago  befon  the  Royal  Irish  Aoademy,  and  afterward* 
published  in  a  quarto  volume  entitled  On  Mi  'Bhmtical  OondttUm*  invulntd  in 
tht  Omutruothn  '■/'  .ir'il'ery,  Mr.  Robert  Mallet  has  laid  down  a  useful  mcasiir 
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of  the  working  and  ultimate  strength  of  iron.  Poncelet  had  already  employed 
co-efficients  which  indirectly  expressed,  not  merely  the  elastic  limit  and  breaking 
strength  of  iron,  but  the  range  also  through  which  the  force  acted  in  each  case 
in  reaching  these  limits.  Mr.  Mallet  has  adapted  these  co-efficients  to  the 
English  standard  of  mechanical  work,  to  wit,  "foot-pounds,"  and  he  represents 
the  structural  value  of  different  materials,  or  of  various  qualities  of  the  same 
material,  in  one  case  by  the  product  of  the  elastic  load  in  pounds  into  half  the 
range  in  feet  or  parts  of  a  foot  through  which  it  acts,  and  in  the  other  case  by 
the  breaking-  weight  in  pounds  multiplied  also  by  half  the  range,  in  feet  or  parts 
of  a  foot,  through  which  it  acts.  Mr.  Mallet  employs  Poncelet's  co-efficients,  as 
follows : — 

Te  =  foot  pounds  in  reaching  elastic  limit  of  tension. 
Tr  =  „  „  to  produce  rupture  by  tension. 
Tl,  =  „  „  in  reaching  elastic  limit  in  compression. 
Tlr  —  „  „  to  produce  crushing. 
One  half  the  weight  into  the  whole  extension,  or,  what  is  the  same  thing,  the 
whole  weight  into  half  the  extension,  is  adopted  because  the  force  gradually 
applied  to  break  a  bar  must  increase  from  nothing  to  the  breaking  weight. 
Upon  Dr.  Hooke's  law  ut  tensio  sic  vis,  the  weight  of  a  grain  will  in  some 
minute  degree  deflect  or  extend  the  heaviest  bar  of  iron,  and  the  deflection  or 
extension  will  increase  progressively,  with  the  weight  applied,  up  to  rupture. 
Therefore,  if  a  bar  be  stretched  1ft.  and  then  broken  with  a  weight  of  33,0001b., 
the  work  done  will  be  the  mean  of  zero  and  33,0001b.  into  1ft.  or  16,500  foot- 
pounds. This,  as  has  been  said,  is  the  work  done  in  the  case  of  a  gradually 
applied  strain.  If,  however,  the  weight  be  applied  without  impact,  but  at  the 
same  time  instantaneously,  upon  the  bar,  it  will,  so  long  as  the  limit  of  elasticity 
is  not  exceeded,  and  supposing  the  bar  to  have  no  inertia,  produce  twice  its 
former  deflection,  and,  therefore,  twice  the  ultimate  strain.  For  the  weight,  in 
falling  through  the  distance  of  the  deflection  due  to  the  load  at  rest,  will  acquire 
momentum  sufficient  to  carry  it  through  an  additional  distance  equal  to  that  of 
the  static  deflection.  This  may  be  best  demonstrated  experimentally  with  the 
aid  of  a  spring  balance.  If,  upon  the  pan  of  a  balance  sufficiently  strong  to 
weigh  up  to  401b.,  a  weight  of  151b.  be  placed,  and  this  be  then  lifted  to  zero  on 
the  scale  and  there  released,  it  will  descend,  momentarily,  to  nearly  301b.  on  the 
scale ;  and  if  there  were  no  opposing  resistances  and  the  spring  had  no  inertia, 
it  would  descend  to  exactly  30lb.  In  the  actual  application  of  strains  in  practice 
a  weight  is  never  thus  applied,  but  a  consideration  of  what  would  occur  under 
such  circumstances  is  sufficient  to  show  how  important  it  is  that  vibratory  action 
be  not  overlooked  in  considering  the  strains  on  bridges.  It  is  to  be  remem- 
bered that  this  action  of  suddenly  applied  loads  is  only  manifested  in  the  case 
of  the  application  of  weights,  for  if  the  strain  be  produced  by  the  sudden 
admission  of  steam  or  any  other  practically  imponderable  body, "no  additional 
deflection  will  take  place  beyond  that  due  to  the  pressure  acting  statically.  If 
steam  pressure  acted  in  the  same  manner  in  this  respect  as  a  weight,  the  steam 
indicator  would  show  nearly  or  quite  double  the  pressure  acting  effectively 
within  the  cylinder  of  the  engine. 

It  will  not  be  attempted  in  the  present  paper  to  enter  fullv  into  tho  application 
of  the  co-efficients  adopted  by  Mr.  Mallett,  for  there  are  objections  against,  as 
well  as  reasons  in  favour  of,  their  application.  It  is  evident  that  Tr  may  be  the 
same  in  two  cases,  in  one  of  which  a  high  breaking  weight  is  exerted  through  a 
very  short  distance,  and  in  the  other  of  which  a  low  breaking  weight  produces 
stretching  through  a  correspondingly  greater  distance.  But  this  co-efficient  does 
possess  a  value  m  taking  account  of  the  combined  cohesive  force  and  extensibility 
ot  iron,  instead  of  the  breaking  strength  alone.  As  Mr.  Mallet  justly  observes, 
glass  has  a  high  cohesive  force,  and  is  nevertheless  useless  under  strain,  owing  to 
its  brittleness,  while  caoutchouc  has  great  extensibility  or  toughness  with  but 
slight-  cohesion.  The  products,  therefore,  expressed  by  the  co-efficients  in  ques- 
tion do  not  afford  a  complete  notion  of  the  practical  value  of  a  given  material 
unless  the  factors  whereby  these  products  are  obtained  are  also  given.  The  elas- 
tic limit  of  iron,  however  low,  is  not  to  be  exceeded  in  practical  use,  whatever  its 
range  or  elasticity  may  be  ;  nor  does  it  appear  prudent  to  work  into  the  neigh- 
bourhood, of  a  high  elastic  limit  when  the  elastic  range  is  known  to  be  small.  It 
is  not  to  be  understood  that  the  co-efficients  in  question  are  intended  to  apply 
otherwise  than  m  comparison  of  bars  of  equal  length,  else  it  would  result  that 
the  measure  of  Te  m  a  bar  of  50ft.  long  was  one  hundred  times  greater  than 
tnat  ot  a  bolt  6m.  long,  and  of  the  same  material  and  sectional  area.  For  the 
purposes  ot  the  engineer  a  long-  bolt  is  not  only  no  stronger  than  a  short  one,  but 
as  it  can  be  no  stronger  than  its  weakest  part,  it  will  follow  .that  the  average 
strength  of  100  bolts  6in.  long  is  likely  to  be  greater  than  that  of  a  single  bolt 
ot  the  same  diameter  and  50ft.  long.  Every  engineer  must  be  aware  of  the  im- 
portance ot  toughness  m  combination  with  cohesive  strength  in  iron,  but  we 
need  much  more  extensive  and  accurate  information  as  to  the  former;  and  a 
consideration  of  Mr.  Mallett's  coefficient  should  lead  to  additional  experiments 
being  undertaken  Mr.  Kn-kaldy,  proceeding  upon  an  independent  course  of 
inquiry  but  with  the  same  object  as  that  pursued  by  Mr.  Mallet,  has  lately  pub- 
nsned  the  results  of  a  most  important  series  of  experiments,  which  are  the  first 
upon  anything  like  an  extensive  scale,  to  take  into  account  the  combined  cohe- 
sive iorce  and  extensibility  of  iron  and  steel.  Mr.  Kirkaldy  experimented  upon 
many  hundreds  of  specimens,  but  he  did  not  ascertain  their  limit  of  elasticity, 
.tie  nas^given  both  the  original  dimensions  and  cross  sectional  area,  and'  the 
&ST8  ?  arf£  afte!'  *Vacture>  and  he  has  also  given  the  amount  of  elonga- 
t£o  at,™tul'e> although  lie  did  not  ascertain  the  extension  at  the  elastic  limit. 
™i!r  i  "  0t  dla™eter  of  a  bar  at  the  point  of  fracture  serves  to  give  a 
Jan.™ma"  »  p00d  ld?a  °/  the  quality  of  the  iron,  but  it  does  not  admit  of  an 
2£\  i-  me?hanical  work  done  in  producing  fracture,  as  does  the 
wp  1«™  t  bleakl"s  ZV Sht  Md  lmeav  ext<>nsion.  In  tearing  a  bar  in  two,  also, 
wilT»  ySrtiSf  Pe,rmanent  stretch  communicated  to  all  parts  of  the 
JSErfk  .  ^Vyhht'?™1  Wretch  at  and  near  the  point  of  fracture.  That 
pait  of  the  stretching  which  extends  uniformly  throughout  the  whole  bar  would, 
Z.  .7flSUPPf°Sef'  i  ? &fl  ProP°rtional  to-  the  length  of  the  bar,  while  that 
part  ot  the  stretch  which  tases  place  close  to  the  point  of  fracture  would,  we 


may  also  suppose,  be  a  fixed  quantity,  whatever  might  be  the  length  of  the  bar. 
Mr.  Kirkaldy's  specimens  of  iron  and  steel  varied  from  2-4in.  to  8-2in.  only  in 
length,  and  with  these  the  ultimate  elongation  at  fracture  varied  from"  nearly 
nothing  to  27  per  cent,  of  the  original  length,  whereas  longer  bars  would  have 
shown  a  proportionally  less  elongation.  The  samples  which  hardly  elongated 
at  all  were  of  puddled  steel  ship  plates.  One  sample,  which  bore  63,0981b.  per 
square  inch  of  the  original  area,  stretched  before  breaking  but  the  froth  part  of 
an  inch  in  a  length  of  7'6in.,  or  less  than  ^ths  of  1  per  cent,  of  the  length. 
Adopting  Mr.  Mallet's  coefficient,  the  structural  value  of  such  a  material  would 
be  almost  nothing.  In  fact,  Mr.  Kirkaldy  found  the  puddled  steel  plates  through- 
out to  have  much  less  extensibility  than  cast  steel  plates,  while  the  former  also 
were  of  very  irregular  breaking  strength. 

Mr.  Fairbairn  communicated  some  of  the  results  of  an  important  series  of 
experiments  to  the  British  Association  at  the  Manchester  meeting,  1861,  from, 
which  it  appeared  that  a  large  model  of  a  wrought  iron  plate  girder  withstood 
without  injury  1,000,000  applications  of  a  load  equal  to  one-fourth  its  breaking 
weight,  and  afterwards  5175  applications  of  one-half  its  breaking  weight,  when 
it  broke  down.  The  model  was  then  repaired,  and  25,900  applications  of  two- 
fifths  its  breaking  weight,  and  afterwards  nearly  3,000,000  applications  of  one- 
third  its  breaking  weight,  were  made,  it  was  said,  without  injury,  although  neither 
the  deflections  nor  the  permanent  set  were  given.  We  know  that  iron  alters  its 
form,  temporarily,  during  the  application  of  very  moderate  strains,  the  elasticity 
of  good  iron  being  generally  observable  with  strains  of  1  ton  per  square  inch  ; 
and  we  know  that  its  form  is  permanently  changed  both  immediately  on  ex- 
ceeding the  limit  of  elasticity,  and  gradually  under  strains  nearly  approaching 
that  limit.  There  clearly  must  be  a  rearrangement  of  the  particles  of  iron 
always  going  on  where  the  strain  is  great ;  and  as  we  know  that  when  even  a 
more  moderate  strain  is  eased  off  the  iron  tends  to  resume  its  original  form,  it 
appears  incoutsstible  that  final  injury  must  result  under  what  may  appear 
moderate  although  irregular  loads — say  one-third,  or  even  rather  less,  of  the 
breaking  weight.  Iron,  it  is  still  to  be  remembered,  has  not  been  employed  long 
enough  for  purposes  of  construction  to  enable  us  to  compare  its  endurance  with 
masonry,  of  which  there  are  abundant  examples  still  perfect  after  many  hundred 
years.  At  the  same  time  it  must  not  be  forgotten  that  while  we  can  never  know 
the  absolute  strength  of  a  bar  of  iron  without  destroying  it  under  strain,  neither 
can  we  always  infer  its  strength  from  its  deflection,  or  apparent  range  of  elasti- 
city, for  we  are  not  yet  secure  against  flaws  or  those  other  faults  of  molecular 
structure,  which  Mr.  Mallet  so  well  describes  as  "  planes  of  weakness."  A  bar 
of  iron  may  have  a  general  strength  of  22  tons  per  square  inch,  except  at  a 
single  point  in  its  length,  where,  for  an  almost  inappreciable  linear  distance, 
the  strength  may  not  exceed  10  tons.  If  the  bar  be  broken,  this  fault  will  be 
detected,  but  hardly,  if  at  all,  otherwise ;  for  under  a  strain  of  even  8  tons  or 
9  tons,  the  extension  at  the  precise  point  of  weakness  would  be  so  slight  as  to  be 
quite  overlooked  in  a  general  observation  of  the  total  deflection  or  extension. 

The  application  of  iron  to  bridges,  especially  to  those  of  large  span,  necessarily 
requires  the  most  careful  consideration  in  apportioning  the  strains,  since  every 
pound  of  metal  not  brought  into  effective  action  is  so  much  dead  weight  or 
useless  load — being  not  only  mis-applied  of  itself,  but  lequiring  additional  ma- 
terial to  support  it.  In  considering  the  strains  upon  iron,  therefore,  reference 
has  been  more  particularly  made  in  the  present  paper  to  its  employment  in 
bridges,  but  in  the  case  of  boilers,  iron  ships,  cranes,  ordnance,  railway  bars, 
warehouse  girders  and  columns,  roofs,  engine  beams,  and  in  many  other  applica- 
tions, the  most  careful  distribution  of  material  and  adjustment  of  strains  is  of 
very  great  importance.  Iron  is,  perhaps,  more  severely  strained  in  steam  boilers 
than  in  any  other  structures.  In  the  case  of  locomotive  engines,  there  is  a  dis- 
position to  employ  still  larger  boilers  and  to  carry  still  greater  pressures.  With 
50in.  boilers,  formed  of  -^gin.  plates  double  rivetted,  and  carrying,  as  is  now  not 
unusual,  from  1301b.  to  1501b.  pressure,  there  is  at  the  higher  limit  a  circum- 
ferential strain  of  5J-  tons  per  square  inch  at  the  joints  and  a  longitudinal  strain 
of  nearly  2  two  tons  per  square  inch  along  the  whole  length  of  the  boiler:  the 
resulting  strain  at  the  joints  being  nearly  six  tons  per  square  inch.  This  strain 
is  constantly  maintained  with  plates  ranging  from  21  tons  to  24  tons  in  strength, 
and  under  all  the  contingencies  of  corrosion,  incessant  vibration,  and  occasional 
sudden  exaltations  of  pressure  due  to  the  instantaneous  production  of  steam  upon 
overheated  tubes  or  plates.  In  many  cases  we  have  4ft.  boilers  with  fin.  plates 
single  rivetted  and  worked  at  1201b.,  corresponding  to  a  strain  of  at  least  6jj  tons 
per  square  inch  at  the  joints  of  the  boiler  when  new :  the  circumferential  and 
longitudinal  strains  being  both  taken  here  into  account.  Put  under  this  strain 
when  new,  many  locomotive  boilers  are  worked  in  all  for  from  ten  to  twenty 
years,  and  often  from  three  to  seven  years  without  any  internal  examination  of 
the  plates.  It  is  not  remarkable,  therefore,  that  explosions  are  becoming  so 
frequent. 

We  may  regard  with  much  hope  the  increasing  use  of  steel  in  large  masses,  as 
produced  by  Krupp  and  by  Mr.  Bessemer,  and  others  whose  discoveries  have 
already  effected  a  great  economy  in  the  production  of  that  material.  Although 
a  departure  from  the  subject  of  the  present  paper,  it  is  interesting  also  to  refer 
to  the  introduction  of  phosphorised  copper,  as  now  produced  by  the  Birmingham 
and  other  coppermasters.  It  was  announced,  about  three  years  ago,  as  a  new 
discovery  by  Mr.  Abel,  chemist  to  the  War  department,  that  the  addition  of  from 
2  to  4  per  cent,  of  phosphorus  to  copper  greatly  increased  its  density  and 
strength.  There  is  no  doubt  of  the  large  advantage  of  this  combination,  al- 
though it  was  discovered  in  the  last  century,  and  made  publicly  known  sixty 
years  ago.  A  French  chemist,  M.  Sage,  contributed  a  paper  upon  this  subject 
to  the  Journal  de  "Physique,  and  which  was  translated  into  the  20th  volume  of 
the  Philosophical  Magazine,  for  1805.  By  combining  the  maximum  quantity 
of  phosphorus  with  copper,  the  latter  acquired  the  hardness,  grain,  and  colour 
of  steel,  and  although  M.  Sage  had  already  kept  the  compound  for  fifteen  years 
it  had  suffered  no  change  from  exposure  to  the  air.  It  was  easily  turned  and 
took  a  fine  polish.  It  may  yet  be  found  that  copper  thus  treated  is  the  best 
material  for  many  of  the  purposes  of  the  mechanical  engineer. 


The  Artiza*,  | 
April  1,  1S63.    J 
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REVIEWS  AND  NOTICES  OP  NE"W  BOOKS. 


Practical  Mechanical  'Engineering  :  With  an  Appendix  on  the  Analysis 
of  Iron  and  Iron  Ores.  pp.  241.  By  Feancis  Cajipin,  C.E.,  &c. 
London  :  Atchley  and  Co.,  1863. 

This  work  is  neither  strictly  elementary,  nor  is  it  of  the  high  scientific 
and  technical  class,  but  is  evidently  intended  for  the  use  of  students  ad- 
vanced beyond  the  ordinary  elementary  works,  but  for  whom  the  very 
abstruse  treatises  are  not  suited.  There  is  scarcely  a  branch  of  mechanical 
engineering  upon  which  the  author  has  not  touched,  though,  of  necessity, 
some  of  the  subjects  treated  in  the  articles  are  very  much  condensed,  and, 
in  fact,  conciseness  appears  to  have  been  attempted  by  the  author  rather  than 
literary  elegance  of  expression.  The  most  lengthy  chapters  are  devoteiVto 
the  general  arrangement  and  practical  construction  of  the  steam  engine  in 
various  forms,  the  various  workshop  operations  being  detailed ;  the  ma- 
chinery required  for  carrying  these  out  being  previously  described.  In 
the  more  theoretical  and  elementary  parts  of  the  work,  the  "  Physical 
Basis  of  the  Steam  Engine,"  and  the  "  Principles  of  Mechanical  Construc- 
tion "  are  examined,  a  general  law  for  the  action  of  levers,  hydrostatic 
presses,  pulleys,  8$c,  being  given  in  place  of  the  numerous  rules  in  use. 
The  modifications  of  force  produced  in  the  steam  engine  by  the  varying 
positions  of  the  crank,  etc.,  is  discussed  afresh,  and  the  moment  of  pressure 
ou  the  main  shaft  is  exhibited  by  means  of  diagrams  of  solids,  sections  of 
which  at  any  planes  give  the  moment  of  pressure  on  the  main  shaft  when 
the  crank  is  in  such  places,  both  for  oscillating  and  fixed  cylinder  engines. 
In  the  appendix  are  described  modes  of  analysing  iron  and  iron  ore  in 
great  number,  collated  with  great  care.  The  work  is  illustrated  by 
twenty-eight  lithographs  and  plates  of  tools,  marine,  locomotive,  traction, 
and  other  engines,  some  of  which  are  very  good,  especially  those  of  the 
Grand  Junction  Pumping  Engine.  Numerous  woodcuts  are  also  inter- 
spersed with  the  letter-press.  In  conclusion,  we  recommend  a  perusal  of 
this  treatise  to  those  intending  to  follow  the  engineering  profession. 


A   Record   of  the   Progress   of  Modern  Engineering .-  Comprising  Civil, 
Mechanical,  Marine,  Hydraulic,  Railway,  Bridge,  and  other  Engineering 
Works,   with    Essays   and    Reviews.      Edited   by    William  Htjmbeu, 
Assoc.  Inst.  C.E.,  and  M.  Inst.  M.E.     London,  E.  and  P.  N.  Spon,  1863. 
The  large  plates  illustrating  the  works  which  have  been  selected  by  the 
Editor  for  the   first  examples  of  modern   engineering  progress,  are  well 
executed,  and  the  text  is  devoted  to  the  specifications  issued  by  the  engineers, 
and  upon  which  the  tenders  for  the  execution   of  the   works  were   based. 
To  make  the  work  complete,  the  price  at  which  the  several  parts  of  the 
works  were  executed  should  be  given.     The  details  and  minor  parts  of 
the  structures  are  drawn  on  too  large  a  scale,  but  without  doubt  the  Editor 
will  improve  upon  the  first  two   numbers,  as  the  issue  of  the  series  pro- 
gresses.    A  useful  selection  of  good  examples  will  give  a  high  character  to 
the  Record  of  the  Progress  of  Modem  Engineering. 


The   Management  of  Steel ;    including  Forging,  Hardening,    Tempering, 
Annealing,    Shrinking   and   Expansion ;    also  the   Case  Hardening  of 
Iron.     By  (1i;okoe  Ede.     Twecdie,  337,  Strand.     1863. 
A  very  excellent  shilling's  worth.     We  do  not  know  who  or  what  Mr. 
Ede  is,  but  infer  from  the  author's  preface  that  he  is  an  artizan  ;  but  what- 
ever lie  may  be  by  trade  or  calling,  he  is  possessed  of  a  good  deal  of  sound 
practical  experience  in  the  management  or  treatment  of  steel.     Nothing 
like  the  present  book  has  been  published  since  Holtzappfel's  very  expen- 
sive book  on  "  Turning,"  &c. 

Pocket    Book  of   Useful  Formula  and  Memoranda,  for  Cicil  and   Me- 

Enqiiteers.      By  Guilfohd  L.   Moleswoktu,  M.  Inst.  C.E.     London  : 

E.  and  P.  N.  Spon.     1863. 

Mr.  Molesworth  has  done  the  profession  a  considerable  and  lasting 
service  by  publishing  his  very  excellent  Pocket  Book  of  Engineering 
Formula. 

What  strikes  us  first  is  the  very  convenient  size  and  form  of  the  book 
adopted  by  the  author;  and  next,  in  glancing  over  its  contents,  we  are 
pleased  to  find  many  really  useful  things  not  to  be  found  elsewhere  in  any 
engineering  pocket  book.  Mr.  Molesworth's  treatment  of  hydrnnlics  and 
hydro-dynamics,  and  motive  power  generally,  is  excellent.  To  the  latter 
branch  of  his  subject  Mr.  Molesworth  has  evidently  devoted  considerable 
attention,  and  his  collection  of  formula:  will  be  found  most  useful.  But 
to  stop  to  detail  everything  that  is  good  and  useful  in  this  book  would 
be  nearly  equal  to  reprinting  a  list  of  its  contents. 

The  best  wishes  we  can  express  towards  the  author  and  publisher  arc, 
that  they  may  speedily  sell  off  the  present  edition;  that  (premntng  all 
the  corrections  have  been  already  made)  that  they  have  stereotyped  the 
work;  and  that  the  next  edition  "all  sold"  may  be  ,r>0,(X>l.  lnde.-d,  we 
see  no  good  reason  why  that  number  may  not  be  sold,  if  the  book  is  got 
up  in  plain  style,  at  half  the  present  price. 


NOTICES  TO  CORRESPONDENTS. 


Alpha. — Yes.  We  give  you  the  order  in  extenso,  which  is  as  follows : — "  As 
one  or  more  vacancies  will  probably  shortly  occur  in  the  junior  grade  of 
Engineer  officers  in  the  dockyards,  my  Lords  deem  it  highly  desirable  that 
these  vacancies  should  be  filled  by  persons  of  such  age  and  acquirements  that 
they  may  be  expected,  after  some  years'  experience,  to  become  well  qualified  to 
serve  in  the  higher  grades.  This  cannot  be  hoped  for  if  persons  of  advanced  age 
or  low  qualifications  be  selected.  With  this  important  object  in  view,  my 
Lords  consider  that  a  somewhat  similar  course  should  be  adopted  in  making 
the  selections  as  obtains  in  respect  of  the  Shipwrights'  officers,  and  of  many 
others  in  the  Civil  Service,  namely,  by  competitive  examination.  It  may  be 
expected  that  comparatively  young  men  thus  selected  would  be  stimulated,  by 
a  prospect  of  promotion,  zealously  to  perform  the  duties  first  assigned  to  them, 
and  to  quality  themselves,  as  far  as  they  may  be  able,  subsequently  to  perforin 
duties  of  greater  importance.  You  are  therefore  to  call  on  the  captains  of  the 
Steam  Reserve  and  the  officers  of  the  factories,  to  report  the  names  of  such 
candidates,  under  their  orders,  as  they  may  consider  qualified  to  fill  the  situation 
of  Assistant-Inspector  of  Machinery  at  the  factories.  It  being  inteuded  to 
subject  the  candidates  to  an  examination  at  the  Royal  Naval  College,  at  Ports- 
mouth, to  ascertain  the  extent  of  their  mathematical  acquirements,  this  quali- 
fication need  not  weigh  with  the  officers  in  making  their  selection;  they  should 
take  into  consideration  the  mechanical  abilities  of  the  candidates,  their  expe- 
rience and  knowledge  of  steam  machinery,  aud  other  practical  qualifications, 
as  well  as  their  character,  conduct,  and  fitness  for  the  office  in  question,  as  far 
as  these  may  be  known  to  the  officers  from  personal  knowledge,  or  can  be 
ascertained  from  unquestionable  testimonials.  Together  with  the  list  of  names, 
the  age  of  each  candidate  (which  must  he  between  25  and  35  years),  where  he 
was  brought  up,  and  where  and  how  he  was  subsequently  employed,  should  be 
stated ;  copies  also  of  such  testimonials  as  the  officers  consider  important  are 
to  be  forwarded,  with  any  remarks  ou  the  several  candidates,  which,  hi  the 
opinion  of  the  officers,  ought  to  be  known  to  their  Lordships  before  they  make 
the  ultimate  selections  for  appointments. — By  command  of  their  Lordships, 
W.  G.  Romaine." 

G.H. — The  Water  Ram,  3rou  refer  to,  will  raise  water  to  the  height  of  300  feet, 
or  say  30  times  the  height  of  the  waterfall  by  which  it  is  worked.  It  is 
necessary  to  state  the  number  of  feet  fall,  which  can  be  obtained  at  the 
spring,  or  brook  to  work  the  ram  ;  the  perpendicular  height  from  the  lower 
part  of  the  fall  to  where  the  water  is  required  to  be  delivered;  the  distance 
horizontally  fioin  the  spring,  or  brook,  to  the  house  or  premises  where  the 
water  is  required,  and,  if  the  spring  or  streams  should  be  small,  it  is  very 
desirable  to  ascertain  how  many  gallons  it  flows  per  minute.  We  may  add 
that  this  society  is  a  very  successful  and  useful  institution. 

Cosdekseue  par  Surface. — Yes,  considerable  interest  is  now  being  taken  by 
our  neighbours  on  the  subject,  and  we  may  mention,  as  an  an  evidence  of  this, 
that  the  Society  labre  d'Emulation  du  Commerce  et  de  l'liulustrie  de  la  Seine 
InftSrienre  at  Rouen  have  included  in  their  programme  of  prizes  for  18t54,  a 
prize  of  300  francs,  to  the  inventor  of  a  surface  condenser,  the  price  of  which 
shall  not  materially  exceed  that  of  the  ordinary  condenser,  and  the  use  of 
which  will  allow  of'  steam  generators  being  supplied  almost  exclusively  with 
the  distilled  water  of  condensation. 

D.L.  (permanent  way)t — The  best  method  we  know  of  is  that  invented  by  a  Mr. 
Perry,  of  Brighton,  who  employs  a  hollow  trenail  iu  conjunction  with  an  iron 
spike  of  peculiar  shape.  The  spike  being  driven  into  the  hollow  trenail,  which 
is  expanded  at  its  lower  end,  so  as  to  form  a  dovetail  within  the  sleeper.  The 
plan  is  found,  in  practice,  to  answer  very  well,  and  the  trenail  is  thus  preven- 
ted from  being  withdrawn  from  the  sleeper,  and  the  spike,  or  pin,  from  being 
withdrawn    out  of  the  trenail. 

Inoenero  (Milan). — Saxby's  system  of  locking  railway  points  and  signals  is 
the  most  effectual  remedy  we  know  of  to  overcome  tin-  difficulty  you  refer  to. 

(J.  15. — For  what  is  known  as  black  malt,  the  rotary  kilns  are  preferable,  lint 
if  you  require  merely  to  thornughlvtlry,  or  desiccate  the  grain,  and  not  to 
roast  it,  we  should  recommend  the  employment  of  an  Open  wire  kiln  tloor. 
through  which,  and  amongst  the  kiln  charge,  current*  of  healed  air  are  caused 
to  circulate,  The  apparatus  best  adapted  for  this  purpQM  is  that  known  as 
the  Steam  Desiccator.  Send  us  further  particulars  as  to  the  Dumber  of  quarters, 
and  what  power  you  have  at  hand,  &c. 


RECENT    LEGAL    DECISIONS 

AFFECTING  THE  AIMS,  M ANIT.U'  1'1'KKS,  1XVF..YHOXS,  ,tc. 


Uwnru  tliis  1  i ( ■  n 1 1 i i i tr  we  propose  (riving  a  succinct  summary  of  snob  division"  ami  othsr 
proceedings  of  tiio  Court*  ef  Law,  taring  the  precis/tins;  month,  u  maj  haras  distinct 

ami  practical  bearing  on  tin-  various  department!  Ircatcd  of  in  our  Journal  :  selecting 
those  OOSM  only  which  offer  lOIM  point  either  of  novelty,  or  Of  useful  application  to  tho 
nianufaeturer,  the  inventor,  or  the  usually  -in  the  intelligence  o!  law  matters,  nt  least 
— lOse  experienced  nrli/an.  With  this  object  in  view,  WS  shall  endeavour,  as  mueh  is 
possible,  to  divest our  remarks  of  all  legal  technicalities,  and  to  present  the  tuhstunce 
of  those  deeWeM  lo  ear  renders  in  a  plain,  familiar,  and  intelligible  shape. 


Fowmr's  stbam  Pr.oroii. — tn  the  Court  of  Common  Pleas  sn  action  has  been  tried 
r.ir  the  Infringement  of  certain  patents  for  steam  ploughs,  The  plshrtlff  was  substantially 

Mr.  John  Fowler,  of  the  Steam  Plough  Works,  Leeds,  and  the  defendant,  were  JJ.*«»»c. 
J.  ami  F.  Howard,  the  agricultural  Implement  makers,  of  1  ted  ford.  It  appears  ti,_.  the 
orikou.il  plough  wis  invented,  in  lsoo,  by  Messrs.  D,  and  T.  K.  Fiskin,  school  teacher*, 
in  Sent  laud,  and  consisted  of  S  new  ami  very  peculiar  arrangement  of  the  ploughs,  ami  ill 

the  mode  of  lifting  them  a  great  stride  was  made  in  the  DSOgXSJSS  toward-  perfect Sub- 

m  '|uently  it  was  thought  necessary  to  tlml  some  other  means  of  raising  or  depressing  tile 
plou.-liH.  anil  accordingly  a  very  ingenious  euiilrivance  won  adopted  by  Mi  s-rs  Fiskin, 
i  ing  of  a  screw  snalt  — in  other  words.  SO  endless  SOTSW,  which  worked  upon  a  cogged 
wheel,  and  by  turning  which  around  one  way  the  ploughs  were  raised,  and  by  turning  it 
in  another  they  were  depressed.  The  following  year  it  struck  Mr.  Fowler  that,  instead 
of  having  separate  levers  sod  axles,  with  tho  peculiar  arrangement  iu  the  centre  to  unite 
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them,  it  would  be  preferable  to  place  all  the  ploughs  m  one  frame,  so  that  both  the  sets 
should  move  together.  This  idea  he  carried  out :  the  ploughs  at  each  end  of  the  frame 
were  fixed  and  the  frame  made  to  move  with  a  reciprocating,  or  see-saw  motion,  on  one 
axis  The'  mode  of  bringing  this  into  action  is  as  follows  :— The  ploughs  being  drawn  by 
the  motive  power  to  the  headland,  it  became  necessary  to  lift  one  set  out  of  the  earth  and 
to  tiut  the  others  in  to  cut  the  next  furrow ;  and  all  that  had  to  be  done  was  to  apply  the 
moving  force  to  a  chain  or  rope  attached  to  the  bottom  of  the  machine,  and  as  soon  as 
that  was  effected  the  tendency  of  the  draught  was  to  drive  the  plough  at  that  end  into 
the  ground  while  it  pulled  out  those  at  the  other  end.  As  one  set  rises  the  other  falls. 
In  the  year  1861  it  became  perfectly  manifest  to  all  agricultural  implement  makers  that 
Fowler's  ploughs,  following  and  improved  upon  Fiskin's,  were  the  very  best  ploughs  that 
could  be  devised.  It  was,  therefore,  important  to  all  manufacturers  of  any  note  that  they 
should  possess  the  privilege  of  making  those  ploughs;  accordingly  the  leading  gentlemen 
in  the  trade  including  Messrs.  Clayton,  Shuttleworth,  and  Co.,  Messrs.  Eansomes  and 
Sims  Messrs.  James  and  Frederick  Howard  (the  defendants),  and  Mr.  Charles  Burrell,  all 
eminent  agricultural  implement  makers,  came  to  an  arrangement  that  they  would  take 
licenses  for  making  these  ploughs.  For  this  purpose  they  agreed  to  pay  Mr.  Fowler  no 
less  a  sum  than  £30,000,  besides  a  considerable  royalty  upon  each  plough,  for  permission 
to  make  and  sell  such  ploughs.  The  arrangements  were  completed  in  September,  1861, 
and  Messrs.  Howard  signed  the  agreement  with  the  other  gentlemen  who  were  parties  to 
it.  In  two  months  after,  Messrs.  Howard  refused  to  carry  out  the  agreement,  and  had 
constructed  a  plough  of  their  own,  which  combined  both  Messrs.  Fiskin's  and  Mr.  Fowler's 
inventions.  By  so  doing  it  was  alleged  that  the  defendants  had  infringed  the  existing 
patents.  On  their  behalf  it  was  contended  by  Sir  Fitzroy  Kelly  that  not  only  was  there 
no  resemblance,  but  the  defendants'  machine  was  totally  different  to  the  plaintiff's  from 
one  end  to  the  other.  Moreover,  evidence  was  called  to  prove  that  Messrs.  Fiskin  were 
not  the  real  inventors  of  this  machine,  but  that  their  brother  William  had  invented  the 
most  notorious  parts  of  it.  William  Fiskin  was  a  Presbyterian  minister,  and  as  he  had 
not  given  his  consent  when  the  patent  was  taken  out,  therefore  the  patent  was  invalid. 
After  a  five  days'  trial  the  jury  found  a  verdict  for  the  plaintiff  on  all  the  issues.  Lord 
Chief  Justice  Erie,  who  presided  at  the  hearing  of  the  case,  declined  to  decide  technical 
points  raised  on  behalf  of  the  defqpdants,  and  the  probability  is  they  wili  be  argued  here- 
after before  the  full  Court. 


NOTES  AND  NOVELTIES. 


OUR  "NOTES  AND  NOVELTIES"  DEPARTMENT— A  SUGGESTION  TO  OUR 
READERS. 

We  have  received  many  letters  from  correspondents,  both  at  home  and  abroad,  thanking 
us  for  that  portion  of  this  Journal  in  which,  under  the  title  of  "  Notes  and  Novelties," 
we  present  our  readers  with  an  epitome  of  such  of  the  "  events  of  the  month  preceding" 
as  may  in  some  way  affect  their  interests,  so  far  as  their  interests  are  connected  with 
any  of  the  subjects  upon  which  this  Journal  treats.  This  epitome,  in  its  preparation, 
necessitates  the  expenditure  of  much  time  and  labour ;  and  as  we  desire  to  make  it  as 
perfect  as  possible,  more  especially  with  a  view  of  benefiting  those  of  our  engineering 
brethren  who  reside  abroad,  we  venture  to  make  a  suggestion  to  our  subscribers,  from 
which,  if  acted  upon,  we  shall  derive  considerable  assistance.  It  is  to  the  effect  that  we 
shall  be  happy  to  receive  local  news  of  interest  from  all  who  have  the  leisure  to  collect 
and  forward  it  to  us.  Those  who  cannot  afford  the  time  to  do  this  would  greatly  assist 
our  efforts  by  sending  us  local  newspapers  containing  articles  on,  or  notices  of,  any  facts 
connected  with  Railways,  Telegraphs,  Harbours,  Docks,  Canals,  Bridges,  Military 
Engineering,  Marine  Engineering,  Shipbuilding,  Boilers,  Furnaces,  Smoke  Prevention, 
Chemistry  as  applied  to  the  Industrial  Arts  Gas  and  Water  Works,  Mining,  Metal- 
lurgy, &c.  To  save  time,  all  communications  for  this  department  should  be  addressed 
"19,  Salisbury-street,  Adelphi,  London,  W.C."  and  be  forwarded,  as  early  in  the  month 
as  possible,  to  the  Editor. 


Thb  Water  op  the  Thames. — The  principal  facts  indicated  by  an  examination  of  the 
water  of  the  Thames,  by  Henry  Letheby,  M.B.,  M.A.,  during  the  years  1861  and  1862, 
are : — 1st.  That  the  water  in  the  middle  of  the  river  is  invariably  charged  with  a  larger 
proportion  of  dissolved  matter  than  that  near  to  the  shore,  but  the  quantity  of  suspended 
matter  is  greatest  in  the  shore  water.  2nd.  That  the  proportion  of  saline  matter  in  the 
water  is  greatly  influenced  by  the  rainfall  and  by  the  temperature  of  the  river ;  for  when 
the  former  is  less  than  two  inches  in  the  month  and  the  latter  is  over  60  deg.  Fahrenheit 
the  quantity  of  saline  matter  quickly  rises  from  the  normal  proportion  of  about  32  grains 
in  the  gallon  to  upwards  of  100  grains.  3rd.  That  when,  from  evaporation  and  a  dimi- 
nished rainfall,  the  supply  of  water  to  the  river  is  from  the  ocean,  instead  of  from  the 
land,  the  mixture  of  the  sea  w  ater  with  the  sewage  causes  an  offensive  decomposition, 
which  gives  an  unpleasant  odour  to  the  river.  4th.  That  during  strong  winds,  and  at  the 
proportions  of  the  several  constituents  of  the  water  during  the  first  six  months  of  the 
year — namely,  from  January  to  June.  At  that  time  the  amount  of  saline  matter  ranges 
from  22  grains  to  34  grains  in  the  gallon,  and  of  this  quantity  about  3'5  grains  are  organic. 
In  the  summer  and  autumn  months,  when  evaporation  from  the  river  is  considerable, 
the  quantity  of  dissolved  saline  matter  in  the  water  sometimes  exceeds  150  grains  in  the 
gallon.  This  shows  that  at  those  times  of  the  year  there  is  a  strong  upward  current  from 
the  ocean,  and  it  indicates  the  necessity,  at  those  periods,  for  a  very  perfect  defcecation  of 
the  sewage  of  the  metropolis,  which  is  to  be  discharged  into  the  river  at  Barking  Creek. 
If  this  circumstance  is  disregarded,  the  condition  of  the  river  in  after  time,  when  the 
main  drainage  scheme  is  completed,  will  be  unbearable  and  absolutely  dangerous  to 
health.  Finally,  it  may  be  said  that  the  result  of  the  constant  examinations  of  the  river 
water  has  been  gradually  improving,  and  that  the  special  manufacturing  impurities  which 
were  once  so  constantly  present  in  the  water  are  now  no  longer  there.  This  is  attri- 
butable to  the  careful  supervision  which  is  exercised  by  the  officers  of  the  Conservancy  in 
preventing  the  discharge  of  such  matter  into  the  stream. 

Coal  and  Iron  in  France.— The  official  documents  which  have  been  recently  laid 
before  the  French  Chambers  contain  the  following  returns  with  regard  to  the  production 
of  coal  and  iron  in  France,  and  the  importation  of  British  iron.  Coal, — The  production 
of  pig  and  cast  iron  in  France  was,  in  1859,7,500,000  tons;  1860,  8,039,168  tons ;  1861, 
6,400,000  tons ;  1862,  9,400,000  tons.  The  price  of  coal  at  the  pit'b  mouth  was,  in  1860, 
9».  \\d.  per  ton  ;  1861,  9a.  \\d.  per  ton ;  1862,  9a.  0£rf.  per  ton.  Iron.— The  production  of 
pig  and  cast  iron  was,  in  1862  :— Smelted  with  charcoal,  285,000  tons  ;  value  £1,949,200; 
per  ton,  £6  16s.  6d.  With  coke,  or  coke  and  charcoal  mixed,  768,000  tons;  value, 
£3,456,000;  per  ton,  £4  10s.  Total  of  all  qualities  in  1862,  1,053,000  tons;  value, 
£5,405,200.  The  production  of  pig  and  cast  iron  was,  in  1861 :— Smelted  with  charcoal, 
298,000  tons ;  with  coke,  or  coke  and  charcoal  mixed,  590,000  tons.  Total  of  all  qualities 
in  1861,  880,000  tons.    The  total  production  of  all  descriptions  of  pig  and  cast  iron  was, 


in  1859,  856,152  tons;  and  the  total  in  1862  having  been  1,053,000  tons,  it  appears  that 
there  has  been  an  increase  in  the  total  production  in  France  during  three  years  of  nearly 
25  per  cent.  The  quantity  of  bar  and  other  descriptions  of  wrought  iron  manufactured 
in  France  was,  in  1862,  with  charcoal,  71,100  tons;  value,  £1,194,800;  per  ton,  £16 16s.  Id. 
With  charcoal  and  coke  mixed,  29,400  tons;  value,  £404,000;  per  ton,  £13  14s.  Wd. 
With  coal,  600,000  tons ;  value,  £5,724,000 ;  per  ton,  £9  10s.  9d.  The  total  of  all  descrip- 
tions of  bar  and  wrought  iron  manufactured  was,  therefore,  in  1862,  700,500  tons ; 
value,  £7,322,800  The  quantities  manufactured  were,  in  1861,  with  charcoal,  76,600 
tons ;  with  charcoal  and  coke,  32,400  tons ;  with  coal,  493,700  tons.  The  total  quantity 
manufactured  in  1861  was,  therefore,  602,700  tons.  The  quantities  manufactured  were, 
in  1859,  with  charcoal,  90,660  tons ;  with  charcoal  and  coke,  16,930  tons ;  with  coal, 
412,510  tons.  The  total  quantity  manufaetered  in  1859  was,  therefore,  620,000  tons;  and 
the  total  manufactured  in  1862  having  been  700,500  tons,  it  appears  that  there  has  been 
an  increase  in  the  total  production  in  France  during  three  years  of  180,500  tons,  or  more 
than  33  per  cent.  The  quantities  of  British  iron  imported  into  France  during  the 
first  11  months  of  1862  were— pig-iron,  149,551  tons;  bar-iron  and  rails,  41,565 ;  plates, 
sheets,  and  tin-plates,  2650;  all  other  descriptions,  7023  tons. 

Explosion  ov  Gas  on  Board  a  Steamer. — The  iron  screw  steam  ship  Battalion,  500 
tons,  belonging  to  Mr.  W.  Laing,  of  Newcastle,  was  blown  up  by  gas,  while  off  Plymouth, 
on  the  8th  ult.  She  left  Cardiff  on  the  5th  ult.,  with  a  cargo  of  800  tons  of  steam  coal, 
and  on  her  passage  round  encountered  some  very  heavy  weather.  About  half-past  five 
a.m.,  when  eight  miles  SSW  of  the  Eddystone,  the  mate,  who  was  in  charge  of  the  watch, 
sent  three  of  the  crew  to  get  up  a  spare  sail  from  out  of  a  store-room  that  was  parted  off 
from  the  hold  by  a  wooden  bulk-head.  On  the  store-room  hatch  being  taken  off  one  of 
the  men  went  down  for  the  sail,  and  had  an  open  lamp  passed  down  to  him.  During  the 
passage,  it  appears,  a  large  quantity  of  gas  had  evolved  from  the  coal,  and  the  hatches 
being  all  fastened  down  in  consequence  of  the  bad  weather,  and  no  other  means  of  ven- 
tilation provided,  had  accumulated  in  the  hold.  Directly  the  lamp  was  passed  down  the 
gas  took  fire,  and  the  explosion  was  the  consequence.  The  whole  of  the  hatchways  were 
blown  out  fore  and  aft,  and  either  blown  to  pieces  or  blown  overboard,  considerable 
damage  being  done  by  the  scattering  of  the  debris.  The  mate  had  a  very  narrow  escape 
from  being  blown  overboard  from  the  bridge  and  had  his  face  seriously  injured,  and  three 
men  were  severely  burnt. 

NAVAL  ENGINEERING. 
Trial  oe  thb  "  Royal  Oak." — The  first  of  the  official  trials  of  this  armour-clad  war 
vessel  took  place  at  Maplin  Sands  on  the  23rd  ult.,  under  somewhat  unfavourable  cir- 
cumstances of  weather.  The  engines  have  been  constructed  by  the  firm  of  Maudslay, 
Son,  and  Field,  and  are  nominally  of  800  horse-power,  but  can  be  worked  up  to  3000  horse- 
power, and  are  the  horizontal  double  piston-rod  direct-acting,  fitted  with  the  improved 
gear  for  tightening  the  piston-rod  bands  without  stopping  the  engines.  The  cylinders  are 
82in.  in  diameter,  and  the  length  of  stroke  4ft.  The  screw  is  an  improved  "  Griffiths,"  the 
blades  being  bolted  to  the  "  boss  "  with  flanges,  instead  of  being  fixed  with  the  key  and 
wooden  wedges.  The  diameter  of  the  screw  is  19ft.,  and  its  weight  rather  more  than  19 
tons ;  by  its  improved  mode  of  construction  the  pitch  can  be  readily  varied  from  22ft.  6in. 
to  27ft.  6in.  Her  draught  of  water  was  23ft.  lin.  aft,  and  20ft.  7in.  forward,  with  her  mid- 
ship ports  lift.  2Jin.  from  the  water.  After  steaming  well  out  to  the  Nore,  the  engines 
working  at  little  more  than  half  speed,  some  experiments  were  made  in  turning  the  circle 
and  stopping  and  starting  the  engines.  The  force  of  the  wind  at  the  time  was  barely  1, 
and  the  sea  calm.  With  the  helm  hard  over  to  starboard,  and  four  men  at  the  wheel,  the 
circle  was  made  in  5  min.  23  sec,  with  the  rudder  at  an  angle  of  21$  deg.,  and  the  screw 
making  52  revolutions  per  minute.  The  helm  was  then  put  hard  aport,  and  with  the 
rudder  at  26$  deg.  the  circle  was  made  in  5  min.  6  sec,  the  engines  making  54  revolutions 
per  minute,  the  pitch  of  the  screw  on  both  occasions  27ft.  6in.,  and  diameter  19ft.  6in. ; 
vacuum,  24 ;  load  on  safety  valve,  201b.  The  frigate  was  found  to  answer  her  helm  re- 
markably well,  and  turned  the  complete  circle  in  little  more  than  twice  her  own  length. 
Experiments  were  then  made  in  starting  and  stopping  the  engines.  From  the  time  of 
giving  the  order  from  the  bridge  to  the  engine-room,  the  engines  were  stopped  dead  on 
two  separate  occasions  in  6J  minutes  and  6  minutes  respectively.  From  the  order  being 
given  from  the  bridge  the  steam  was  shut  off  and  engines  started  in  7  seconds.  On  reaching 
the  Maplins  it  was  found  that  there  was  too  great  a  haze  prevailing  to  allow  of  the  expe- 
rimental runs  being  made  with  safety,  and  the  trial  was  therefore  postponed. 

Trial  of  the  "  Racoon." — The  screw  steam  corvette  Racoon,  22,  was  taken  from 
Sheerness  harbour  for  her  final  trial  on  the  23rd  Of  February  last.  The  Racoon  carries  an 
armament  of  two  1101b.  Armstrong  guns,  one  121b.  Armstrong  and  one  121b.  smooth  bore 
guns  for  boats,  one  121b.  Armstrong  fieldpiece,  and  one  61b.  smooth  bore  gun  for  practice 
at  short  ranges  on  the  upper  deck;  16  8-inch  smooth  bore,  and  four  401b.  Armstrong  guns 
on  the  main  deck.  The  trial  was  under  the  superintendence  of  Capt.  T.  P.  Thompson, 
of  the  Sheerness  steam  reserve,  and  took  place  at  the  measured  mile  off  Maplin  Sands. 
The  engines  were  in  charge  of  Mr.  Lawson,  chief  engineer  of  the  ship.  The  vessel 
attained  an  average  speed  at  full  boiler  power  of  10'1  knots  per  hour ;  revolutions  of 
engines,  54  per  minute ;  pressure  of  steam,  201b. ;  vacuum,  251b. ;  while  at  half-boiler 
power  the  average  speed  was  7'279  knots ;  revolutions  of  engines,  42.  The  circle  was 
turned  with  full  boiler  power,  helm  to  port,  17  deg.,  in  5  min.  21  sees.;  with  half-boiler 
power,  helm  to  starboard,  23  deg.,  in  5  min.  59  sees.  The  engines  were  stopped  when 
going  at  full  speed  in  16  sees,  from  the  time  of  moving  the  telegraph ;  they  were  started 
ahead  in  35  sees.,  and  astern  in  25  sees,  from  dead  stop.  The  Racoon  is  fitted  with  trunk 
engines,  400-horse  power,  made  by  Messrs.  Ravenhill,  Salkeld,  and  Co.,  and  common 
screw  with  corners  cut  off;  pitch,  26ft  ;  diameter,  16ft. ;  length  of  blade,  3ft.  During  the 
trial  the  draught  of  water  was  18ft.  2in.  forward  and  19ft.  6in.  aft.  There  was  an  entire 
absence  of  hot  bearings  or  priming,  and  the  trial  was  pronounced  highly  successful  both 
as  regards  the  machinery  and  the  qualities  of  the  vessel. 

The  Emerald,  35,  screw  frigate,  made  her  third  experimental  screw  trial  on  the  18th 
ult.,  at  the  measured  mile  in  Stokes  Bay.  The  screw  tested  on  this  occasion  was  one 
with  six  common  shaped  blades,  fixed  at  equi-distant  intervals  on  a  "  Griffiths  "  boss. 
The  weather  was  very  favourable  for  the  trial,  the  wind  scarcely  exceeding  a  force  of  1 
from  the  N.E.,  and  the  sea  being  perfectly  smooth.  The  ship  drew  20ft.  9in.  forward  and 
21ft.  lOin.  aft,  and  the  mean  pressure  of  steam  during  the  six  runs  made  at  the  mile  was 
221b.,  the  vacuum  being  25in.,  the  maximum  revolutions  of  the  engines  being  52,  and 
the  minimum  60.  The  runs  were  completed  as  follows :  the  first  run  in  4min.  31sec,  or 
at  the  rate  of  13'285  knots  per  hour;  the  second  run  in  6min.  lOsec,  or  9729  knots;  the 
third  run  in  4min.  24sec,  or  13'636  knots;  the  fourth  run  in  6min.,  or  10  knots ;  the  fifth 
run  in  4min.  26sec,  or  13533  knots ;  the  sixth  run  in  6min.,  or  10  knots.  The  mean 
speed  of  the  ship  was  11725  knots.  The  circles  were  made  in  the  usual  manner  as 
follows : — To  Port. — Helm  up  in  17  seconds,  with  six  men  at  the  wheel,  and  with  one  a 
half  turns  of  the  wheel  rope,  the  angle  of  the  rudder  being  11  degrees.  The  half  of  the 
circle  was  completed  in  four  minutes  and  two  seconds,  and  the  full  circle  in  seven 
minutes  and  64  seconds,  the  revolutions  of  the  engines  being  49$.  To  Starboard. — Helm 
up  in  19  seconds,  with  six  men  at  the  wheel,  and  with  one  and  a  half  turns  of  the  wheel 
rope,  the  angle  of  the  rudder  being  in  this  instance  17  degrees.  The  half  circle  was 
completed  in  four  minutes  and  four  seconds,  and  the  full  circle  in  seven  minutes  and  66 
seconds,  the  revolutions  of  the  engines  being  50.  The  six-bladed  screw,  as  had  been 
anticipated  from  the  results  of  the  Shannon's  trials,  gave  a  speed  superior  to  that 
obtained  from  the  common  two-bladed  screw  by  about  two-tenths  of  a  knot,  with  a 
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rather  less  indicated  horse-power  of  engine,  and  a  total  absence  of  vibration  from  the 
working  of  the  screw,  the  only  motion  felt  on  board  being  from  the  movement  of  the 
engines. 

The  "  Hectoe,"  32  gun  iron  frigate,  arrived  at  Spithead  on  the  15th  ult.  from  the 
Clyde.  The  hull,  engines,  and  iron  lower  masts  have  all  been  constructed  by  Messrs. 
Napier.  The  hull  is  on  the  principle  of  the  Warrior  and  other  iron  ships,  with  the  ex- 
ception that  the  Sector  has  a  heavy  bulkhead,  or  "shield,"  covered  with  •Hin.  armour 
plates,  fixed  across  her  bows  from  her  lower  deck  to  a  level  with  her  bulwarks.  This  is 
of  semicircular  form  and  is  intended  to  receive  the  fire  of  a  fort,  or  that  of  an  enemy's 
broadside  of  guns,  when  using  the  Hector  as  a  ram.  Her  armour-plating  is  also  continued, 
from  the  point  at  which  the  Warrior  now  carries  her  armour-plating,  as  a  belt  round 
her  line  of  gun  ports,  bow  and  stern,  with  additional  plating  over  her  outer  stern-post 
and  rudder-head.  The  majority  of  her  armour-plates  are  rolled,  and  are  from  the  manu- 
factories of  Messrs.  Brown,  Sheffield  ;  Messrs.  Beall,  Parkgate,  and  Messrs.  Eigley, 
Parkhead.  The  engines  have  cylinders  of  82in.  diameter  and  a  stroke  of  4ft.  The  screw 
is  a  "  Griffiths  "  of  20ft.  diameter  and  20ft.  6in.  pitch.  At  the  back  of  each  cylinder  is 
fitted  a  small  auxiliary  engine  for  starting  and  stopping  the  engines,  in  addition  to  the 
ordinary  wheel  and  hand  gear,  and  all  is  so  simply  and  efficiently  arranged  that  two  men, 
one  at  each  auxiliary,  have  perfect  control  over  the  engines,  the  action  at  the  same  time 
being  almost  instantaneous.  The  castings  are  excellent,  and  every  part  is  massive,  well 
finished,  and  simple  in  arrangement.  The  screw  alley  is  unusually  lofty  and  roomy,  and 
the  disconnecting  aud  other  arrangements  of  the  shafting  have  been  fitted  with  great 
care  and  strength.  The  stokehole  has  six  boilers — three  on  each  side.  The  highest 
temperature  reached  here  during  the  voyage  round  from  Greenock  was  85  degrees.  The 
means  of  ventilation  appear  to  be  very  good,  although  no  patented  plans  have  been 
applied.  The  funnel  casing  is  well  open  on  the  upper  deck,  and  a  square  shaft,  fitted  to 
hoist  out  ashes,  no  doubt  contributes  in  the  main  to  this  excellent  result,  the  former 
acting  as  an  up  and  the  latter  as  a  downcast  air-shaft.  Above  the  boilers  is  fixed  a  small 
auxiliary  engine,  which  hoists  out  the  ashes  from  the  stokhole.  An  auxiliary  engine  of  40 
horse  power  is  also  being  fitted  on  board  to  work  the  fire-engines,  capstans,  &c. 

Naval  Appointments. — The  following  appointments  have  taken  place  since  our 
last : — J.  Knight,  Acting  First-class  Assist.  Engineer,  to  the  Cumberland,  for  the  Erne ; 
A.  G.  Smith  and  J.  0.  Wilson,  Acting  Second-class  Assist.  Engineers,  to  the  Fisgard,  as 
Supernumeraries ;  H.  Mackavoy,  Acting  Second-class  Assist.  Engineer,  to  the  Cumberland, 
as  Supernumerary;  M.  0.  C.  M'Cartie  and  Thomas  Barnes,  Acting  Second-class  Assist. 
Engineers  to  the  Indus,  as  Supernumeraries ;  J.  Mercer,  Acting  Second-class  Assist.  En- 
gineer, to  the  Asia,  for  the  Curacoa;  J.  C.  Thompson,  Acting  Second-class  Assist. 
Engineer,  to  the  Asia,  as  Supernumerary ;  J.  Cleland,  J.  Prebble,  J.  A.  Cowper,  and  P. 
Samson,  Assist.  Engineers,  to  the  Indus,  as  Supernumeraries ;  E.  Rivers  and  R.  Allen, 
Chief  Engineers,  to  the  Asia,  for  the  Melpomene  and  Imperieuse  respectively,  when  they 
are  paid  off;  J.  Crew,  \V.  J.  Wise,  T.  E.  Williams,  T.  B.  Jordan,  H.  Rawlings,  aud  F. 
Earnshaw,  Assist.  Engineers,  to  the  Rattlesnake,  on  the  coast  of  Africa,  as  Super- 
numeraries; G.  Lynch,  Supernumerary  in  the  Fisgard,  promoted  to  Engineer;  C.  Deal, 
of  the  Battler,  G.  M'Leod,  of  the  Megcera,  E.  R.  Cockrell,  J.  M.  Page,  and  L.  M.  Green, 
of  the  Asia,  W.  Russell,  of  the  Indus,  J.  E.  Turner,  in  the  Black  Prince,  and  J.  J.  Finch, 
of  the  Industry,  First-class  Assist.  Engineers,  promoted  to  Engineers;  J.  Beech,  of  the 
Greyhound,  W.  P.  Dawe,  of  the  Liffey,  and  J.  Peach,  of  the  Centaur,  promoted  to  Acting 
First-class  Assist.  Engineers ;  W.  C.  Beck,  engineer  to  the  Indus,  as  Supernumerary  ;  A. 
Smart,  Assist.  Engineer,  to  the  Cumberland,  for  the  Snipe;  P.  Thompson,  Assist. 
Engineer  to  the  Pembroke;  T.  Duncanson,  Chief  Engineer,  to  the  Orpheus,  for  disposal ; 
O.  A.  Davics,  Engineer,  to  the  Pandora;  S.  Lawton,  T.  Murray,  and  J.  Stirling,  Assist. 
Engineers  to  the  Sparrow;  E.  Newman,  Assist.  Engineer,  to  the  Indus,  for  the  Clinker ; 
J.  Staley  and  J.  Grant,  Assist.  Engineers,  to  the  Pandora;  J.  West,  Assist.  Engineer,  to 
the  Cumberland,  as  Supernumerary;  S.  Madden,  Chief  Engineer,  to  the  Indus,  for  the 
Ocean;  J.  Steil,  Chief  Engineer,  to  the  Indus,  for  the  Pelorus;  C.  Dickson,  Chief  En- 
gineer, to  the  Asia,  for  the  Hector ;  J.  Turner,  Assist.  Engineer,  to  the  Asia,  for  the 
Hector. 

Teial  Trip  of  the  "  Vigilant." — The  screw  steam  gun  vessel  Vigilant,  200  horse- 
power, which,  since  her  accident  on  the  Gunfleet  Sands,  has  received  thorough  repairs, 
underwent  her  final  trial  trip  on  the  2nd  ult.,  at  the  measured  mile,  off  Maplin  Sands. 
She  attained  an  average  speed,  at  full  boiler  power,  of  10'191  knots ;  and,  at  half  boiler 
power,  of  7'987  knots,  everything  working  most  satisfactorily. 

MILITARY  ENGINEERING 
Expeeiments  at  Shoeduryness. — On  the  3rd  ult.  some  interesting  experiments  in 
gunnery  were  undertaken  on  the  practice-ground,  with  the  view  of  testing  the  resistance 
offered  by  Captain  Inglis's  shield — a  most  massive  and  ponderous  kind  of  armour,  pro- 
posed by  that  officer  as  a  covering  for  the  exposed  portions  of  fortifications,  and  generally 
for  casematcd  batteries  facing  the  sea.  Captain  Inglis's  shield,  or  rather  target,  for  it  is 
in  appearance  like  any  other  iron  target,  with  an  embrasure  in  the  centre,  is  as  simple  in 
its  plan  of  construction  as  can  well  be  conceived,  consisting  of  nothing  more  than  very 
massive  double  slabs  of  wrought  iron  placed  transversely.  The  slabs  on  the  left-side  of 
the  embrasure  are  eight  Inches  and  five  inches  thick  respectively,  and  those  on  the  right 
seven  inches  and  five  inches, — the  different  thicknesses  being  purposely  adopted  to 
ascertain  if  possible  their  relative  powers  of  resistance.  These  great  slabs  are  bolted  on 
to  the  iron  backing  with  most  massive  screw  bolts,  and  the  entire  mass  supported  by 
time  of  the  equinoxes,  the  quantity  of  suspended  matter  in  the  water  is  greatly  increased. 
Lastly.  It  may  be  said  that  flic  normal  composition  of  the  river  water  is  indicated  by  the 
wrought-iron  struts.  The  whole  principle  Of  the  target  apparcntly.'consiBts  in  meeting 
the  impact  of  flic  shot  with  masses  of  iron  of  sued  strength  and  solidity  as,  when 
properly  made  and  fitted  together,  would  be  virtually  Indestructible  by  any  battery  a  ship 
could  direct  against  it.  It  is  also  claimed  for  tin-  Invention,  or  rather  combination  of 
slabs,  that  it  is  the  cheapest  as  well  as  the  most  efficient  way  that  has  yet  been  tried  of 
covering  casemates  with  armour.  For  the  lmitis  used  against  it  the  target  was  much  too 
strong,  and  its  immense  thickness  prevented  any  real  estimate  being  formed  of  the  effect 
of  the  shots.  It  had,  however,  been  to  some  extent  injured  and  shaken  by  previous 
trials,  and  there  is  no  doubt  that  the  seven  shots  fired  at  it  at  short  range  and 
all  near  the  same  spot  was  a  more  sevcro  trial  than  it  would  ever  be  likely  to  undergo  if 
forming  pari  of  a  real  series  of  such  batteries  actually  engaging  a  Beet  of  iron-clad 
in  spite  of  this  it  stood  well,  and  at  the  close  of  the  day  still  remained  a  formidable 
defence,  though,  of  course,  much  bent  in  parts,  with  bolts  displaced,  and,  generally 
speaking,  damaged.  The  Brsl  experiment  was  marie  with  .Mr.  Whitworth's  7-ineii 
muzzle-loading  rilled  gun.  weighing  ~,\  tons,  and  nominally  throwing  a  LZO-ponndCI  shot, 
though   in  reality  made  lor  projectiles  of  the  weight  at  1501b.  and  upwards,     This  n. 

loaded  with  251b.  of  powder  ana  a  Bat-headed  hardened  projectile,  weighing  1871b.    it 

struck  on  the  left  or  13-iinii  side  Ofthc  target  with  terrific-  force,  emitting  :il  the  moment 
of  contact  a  sheet  of  flame  as  broad  and  vivid  as  if  another  cannon  bad   I n  tired  from 

the  mark  in  reply.    The  result,  however,  proved  to  bo  very  difficult  to  a, certain,  Inn 

much  as  the  head  of  the  shot  had  quite  buried  itself  in  the  metal,  and  what  bad  not 
penetrated  had  been  shivered  to  atoms  by  the  tremendous  force  of  the  concussion,  so 
that  it  was  quite  impossible  to  say  how  far  it  had  really  gone.  Opinions  on  the  sub/eel 
of  its  depth  varied  from  2\  to  "in.,  but  they  wi  re  all  (bunded  cm  the  pores!  Conjecture,  and 

not  the  slightest  Impression  or  disturbance  <>r  any  kind  appeared  at  the  back  of  the 
plates  to  warrant  the  opinion  that  it  had  entered  further  at  most  than  tin.  or  Gin.    The 

velocity  at  which  this  projectile  struck  tho  target  was  at  the  rate 'of  1240ft.  •  SI I 

The  practice  was  resumed  at  the  same  range  and  target  with  Sir  William  Armst, 


smooth-bored  100-pounder  muzzle-loader,  The  usual  service  charge  of  a  piece  of  this 
kind  would  be  331b.  of  powder,  but  on  this  occasion  it  was  loaded  with  only  251b.,  in 
order  to  place  it  on  an  equality  with  the  Whitworth  previously  fired.  The  shot  was  a 
spherical  wrought-iron  100  pounder,  which  was  made  to  fit  the  bore  so  closely  that  doubts 
were  expressed  whether  it  would  be  easy  to  get  it  down  at  all  when  the  gun  was  fouled 
after  a  few  rounds  of  rapid  firing.  This  missile  struck  full  upon  the  thick  side  of  the 
target  with  a  velocity  of  1470ft.  per  second,  inflicting  a  tremendous  circular  dent  2jin. 
deep,  cracking  one  of  the  inner  plates  of  the  target  and  knocking  off  one  of  the  massive 
bolt-heads.  The  target  was  roughly  shaken,  but,  for  all  practical  purposes,  was  as 
strong  as  ever,  and,  to  illustrate  the  facility  with  which  it  could  be  repaired,  a  fresh  bolt 
and  bolt-head  were  adjusted  in  place  of  those  broken  in  the  course  of  a  few  minutes. 
The  third  shot  was  fired  from  Sir  William's  great  300-pounder  muzzel-loading  gun  rifled 
on  his  peculiar  shunt  principle.  This  tremendous  piece  of  ordnance  weighs  no  less  than 
llf  tons.  It  is  rifled  with  10  deep  grooves  on  the  shunt  principle — that  is  to  say  that 
though  the  shot  enters  loosely  and  easily  by  the  muzzle  down  one  series  of  grooves,  it  is 
regularly  shunted  into  another  series,  along  which  it  comes  out  when  the  gun  is  fired, 
and  the  grooves  for  exit  being  shallower  than  those  for  entrance,  they,  as  it  were, 
squeeze  the  shot  with  sufficient  force  to  make  it  take  the  form  of  rifling,  and  give  it  the 
rotation  on  its  axis  so  necessary  for  long  range  ordnance.  This  was  loaded  with  a 
hollow  headed  conical-shaped  shot,  19iin.  in  length,  and  weighing  2301b.,  and  with  a 
451b.  charge  of  powder  behind  it.  It  sent  the  shot  with  a  velocity  of  1,405ft.  per  second 
full  on  the  thick  part  of  the  target,  inflicting  a  broad  damaging  indent,  shaking  the 
whole  structure  a  good  deal,  and  cracking  an  outer  upper  plate.  But  except  the  mischief 
that  actually  showed  itself  on  the  surface  it  was  impossible  to  say  with  any  certainty 
how  much  the  butt  was  really  injured.  It  was  in  fact  much  too  thick  to  enable  anything 
but  conjectures  to  be  formed  as  to  the  comparative  results  of  all  the  different  missiles. 
The  next  gun  was  one  of  Mr.  Lynall  Thomas's,  a  7-inch  muzzle-loading  piece,  rifled  on  a 
very  peculiar  principle,  and  capable  of  throwing  projectiles  of  1501b.,  or  even  2001b. 
weight,  with  charges  of  powder  as  low  as  251b.  The  gun,  which  is  lift.  6in.  long,  is 
rifled  on  a  new  plan  of  Mr.  Thomas's,  somewhat  in  appearance  like  the  canon  rage  of  the 
French,  but  with  this  difference,  that  instead  of  three  grooves  it  has  three  ridges  pro- 
jecting nearly  an  inch  into  the  bore,  the  elongated  projectiles,  which  are  2i  diameters 
long,  fitting  into  and  between  the  ridges.  The  shot  fired  was  a  wrought-iron  one  of 
1511b.  weight,  with  a  charge  of  251b.  of  powder.  It  was  the  first  time  the  gun  had  ever 
been  tired,  and  it  hit  the  white  spot  aimed  at  so  truly  as  quite  to  obliterate  the  mark, 
doubling  up  the  shot  itself  into  the  form  of  a  huge  cauliflower,  and  making  an  indent 
almost  as  severe  as  that  of  the  100-pounder  smooth  bore.  The  target  seemed  shaken, 
though  not  materially  so,  the  shot  having  only  struck  at  a  velocity  of  1215ft.  per  second. 
Mr.  Whitworth's  gun  was  then  again  fired  at  the  same  range,  and  with  the  same  charge 
of  powder  and  shot.  The  shot  was  aimed  at  the  untouched  plate,  below  the  embrasure, 
and  so  close  to  the  ground  that  the  projectile  struck  the  earth  first,  making  a  deep 
furrow ;  and,  of  course,  considerably  diminishing  the  force  of  its  blow.  For  this  reason 
it  made  but  a  very  slight  impression,  and  did  no  injury  to  the  target  that  was  worth 
speaking  of.  The  300-pounder  Armstrong  was  then  tried  with  a  solid  shot  weighing 
3061bs.,  and  a  451b.  charge  of  powder.  This  tremendous  missile  injured  the  target  con- 
siderably, and  sent  its  fragments  of  east-iron  flying  through  the  air  in  all  directions  with 
a  hoarse  roar  that  was  terrible  to  hear.  The  force  of  this  terrific  blow  broke  some  of  the 
plates  in  fresh  places,  knocked  the  head  off  one  of  the  bolts,  and  drove  out  another  like 
a  rocket.  Mr.  Lynall  Thomas's  gun  was  the  next  competitor.  At  the  first  fire  it  had 
recoiled  considerably,  and  thrown  its  muzzle  high  into  the  air,  almost  at  an  angle  of  45 
degrees,  and  there  is  no  doubt  but  that  this  first  discharge  injured  it  fatally,  though  not 
in  such  a  manner  as  could  be  seen  externally.  This  time  it  was  loaded  with  27£Ib.  of 
powder,  but,  instead  of  wrought  iron  shot  of  1511b.,  with  a  steel  projectile  weighing  1331b. 
It  was  fired  as  usual  by  electricity,  and  instantly  the  whole  gun  burst  into  fragments 
like  a  gigantic  shell.  The  explosion  was  so  complete  and  total  that  the  massses  were 
scattered  in  every  direction;  one  piece  weighing  nearly  a  ton  being  thrown  to  a  distance 
of  1-10  yards.  Out  of  the  seven  shots,  too,  the  last,  from  Mr.  Thomas's  gun,  can  scarcely 
be  reckoned,  as,  if  it  ever  touched  the  target  at  all,  which  is  most  improbable,  it  touched 
it  so  lightly  as  to  leave  no  mark  whatever,  and  of  the  six  shots  that  did  strike,  one  from 
Mr.  Whitworth's  gun  grazed  the  ground,  as  we  have  said.  Still  the  victory  was  with  tho 
target.  Some  most  important  experiments  against  floating  targets,  at  1200  yards'  range, 
against  iron  embrasures  for  casemated  batteries,  and  against  targets  built  of  unusual 
size  and  of  the  strength  of  our  improved  Warriors,  will  be  undertaken  this  summer  at 
Shocburyness. 

The  Resumed  Experiments  at  Shoeburyness,  which  took  place  on  the  17th  ult., 
were  arranged  to  elucidate  as  much  as  possible  both  points  in  dispute,  the  guns  used 
being  the  old  smooth-bore  68-pounder, Sir  William  Armstrong's  110-pounder  service  gun, 
with  special  steel  shot  cut  down  at  the  base  to  reduce  them  to  G51b.  weight,  Sir 
William's  300-pounder  muzzle-loading  rifled  shunt  gun,  Mr.  Whitworth's  muzzle-loading 
150-poundcr  or  7-inch  gun,  and  Mr.  Lynall  Thomas's  0-inch  or  300-pounder  rifled  muzzle- 
loading  gun.  Both  these  latter  were  made  by  Colonel  Anderson,  at  Woolwich,  on  tho 
built-up  coil  principle  adopted  by  Sir  William  Armstrong,  and  both  were  admirablo 
specimens  of  workmanship,  though  before  the  experiments  commenced,  Mr.  Whitworth's 
gun  was  found  to  have  a  crack  or  flaw  in  the  centre  steel  tube  round  which  the  coils  of 
wrought  iron  are  wound  and  welded  in  the  course  of  manufacture.  This  defect  prevented 
its  being  used  in  the  course  of  the  experiments  except  for  one  discharge  with  a  live  shell. 
Mr.  Thomas's  gun  was  an  enormous  piece  of  ordnance,  nearly  18ft.  long,  weighing  10 
tons,  and  with  a  thickness  of  17in.  ol  metal  round  the  powder  chamber  at  the  brceeh. 
Though  nominally  a  300-pounder,  this  gun  is  claimed  to  be  capable  of  throwing  projectiles 
of  various  forms  and  weights  from  2501b.  up  to  uxilb.  Sir  William's  300-pounder  weighs 
less  than  12  tons,  and  was  the  same  short,  powerful  piece  we  have  already  described  iu 
our  account  of  previous  trials  on  this  ground.  The  three  plates  against  which  this  pon- 
derous array  of  ordnance  was  directed,  at  a  distance  of  200  yards,  were  bolted  up  into  a 
target  about  12ft,  square,  the  upper  plate  being  G<Jin.  thick,  the  middle  one  7|ln.,  and  tho 
luv..r  plate  Ojin.  On  the  right  side  these  plates  were  backed  with  loin,  thick  of  solid 
teak,  behind  which  again,  as  representing  the  skin  of  an  armour  ship,  were  plates  of  iron, 
ono  of  I  in.  thick  and  one  of  I  |ln.  thick,  which  rested  on  the  usual  upright   rile,  of  wrought 

iron.    The  other  half  of  the  target  was  fastened  to  the  iron  ribs,  but  baa  no  teak  tee  king  ox 

inner  iron  skin.    The  armour  plates  were  made  and  rolled  by  Mr.  Drown,  ol'Shcllicld,  and, 

.i   the  result  proved,  were  beyond  all  doubl  the  line  I    peelmi  d  ol  plate  .  whi  thai  rolled 

or  hammered,  which  have  ever  been  tested  at  Shoeburyness,    Colonel  lay  lor  conducted 

the  experiments,  the  arrangement  -  for  firing,  &c.,  as  usual,  being  under  the  cure  ofCaptain 

on.    The  Brsl  hots,  three  in  number,  were  Bred  rrom  the  old  smooth-bore  68-poun> 

dcr  with  the  iisiml  service-  charge  of  Kill),  of  powder,  lie  c  v.,  r,  directed  against  the  Gj, 
OJ,  and  "i-ineh  plates,  mid  wi  K  mi li.it  ■  ■  I  %  followed  by  three    hoi    from  Sir  William's 

no-pounder,  loaded  with  special  steel  pi  .  ami  tired  with  the  samo 

service  chare  ■■•ih-boreiM.     The  result  of  this  Bxporlmenl  proved  the  inutility, 

i  ay  fouy,  of  having  comparative  trials  of  rifled  gons  al   o   bortarangoai  200  yards. 
Where  the  68-ponnders  had  struck,  the  Indentation  Mined  Irom  ->i.  tooln,  in  depth) 

where  the  steel   -hot    of   Vim  itTODg's  had  hit,  the  mark  was  in  >  n<    .  c  0   deSPI  r,  and  tho 

plate  ihowed   a  Just   perceptible  crack  about  sin.  long,  though  apparently   of  very 

trifling  depth.  The  mo  I  careful  examination  Railed  todlscovoranj  mart  on  the  bs  k  of  tho 

Leyenosmuchasadl  il  Uupalnl  upon  the  rii  1 1  toahow  that  it  had  been  bit 

rhenextshotwasflred  Irom  Bit  w  Uliam's 300-pounder,  loadod  with  a  conical  tool  hot 

of  296lli.  weight,  unci  tired  with  1Mb.  of  powder.  This  tremendous  missile'  struck  with  I 
velocity  of  1298  feet  per  second  full  upon  the  centre  ofthc  71iu.  plate,  where  it  was  backed, 
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driving  in  a  circular  niece  of  iron  lOin.  in  diameter  quite  through  the  plate,  bending  in 
the  whole  plate  itself  to  a  depth  of  14in.,  and  buckling  its  ends  outwards  more  than  lin. 
The  massive  wrought  iron  girder  which  crosses  the  whole  back  of  the  target  horizontally 
was  bent  out  and  broken  in  several  places,  as  were  also  the  inner  ribs,  the  24in.  skin  was 
bulged  and  cracked,  the  rivet  heads  loosened,  and  many  knocked  off  altogether.  The 
examination  showed  that  the  target,  as  a  target,  had  received  a  most  serious  shake,  though, 
from  the  wonderfully  good  quality  of  the  iron,  there  was  little  of  actual  fracture  :>r  crack- 
ing except  in  the  spot  on  which  the  shot  itself  had  struck,  where  the  whole  74in.  piece 
was  driven  in,  and  only  held  in  place  apparently  by  the  wooden  backing.  The  next  shot 
was  from  the  300-pounder,  loaded  with  a  cast 'iron  shell  weighing  2861bs.,  and  charged 
with  lllbs.  of  powder.  This  was  fired  with  the  usual  451b.  charge,  and  struck  full  in  the 
centre  of  the  54in.  backed  plate  with  a  velocity  of  1330ft,  per  second.  It  shattered  its  way 
completely  through  it,  leaving  a  rough  round  hole  about  lOin.in  diameter,  and  then  burst 
in  the  inside,  blowing  the  teak  to  minute  fragments,  setting  it  on  fire,  breaking  oil'  many 
of  the"rivet  heads,  and  tearing  the  inner  skins  of  iron,  2Jin.  thick,  into  rough  shredded 
gaps,  as  if  they  had  been  so  much  cardboard.  Altogether,  this  shell,  both  for  penetration 
and  awfully  destructive  effects  on  bursting,  was  the  most  successful  that  has  yet  been 
fired  against  armour-plates  of  any  kind.  Mr.  Whitworth's  150-ponnder  was  next  tried, 
loaded  with  a  steel  fiat-headed  shell  of  1511b.  weight,  with  a  bursting  charge  of  61b.  of 
powder,  fired  from  the  gun  with  251b.  of  powder.  This  shell  struck  within  about  5in.  of 
the  spot  where  Sir  William's  had  struck  and  burst,  and  destroyed  the  teak  backing.  The 
Whitworth  shell  passed  quite  through  the  plate,  and  burst  among  the  debris  of  splinters 
behind.  Apparently,  most  of  its  charge  must  have  escaped  from  the  front  of  the  target. 
Certainly  the  explosion  made  not  the  least  perceptible  addition  to  the  damage  already 
inflicted  by  Sir  William,  nor  did  it  even  set  the  timber  on  fire,  though  from  the  smoke 
that  hung  about  it  was  at  the  moment  thought  it  had  done  so.  From  the  flaw  in  the  breech 
of  the  gun  already  mentioned,  no  further  trials  were  made  with  this  piece,  and  Mr.  Lynall 
Thomas's  gun  was  the  next  competitor.  Unfortunately,  from  some  mistake,  the  gun  was 
not  well  pointed,  and  its  first  3301b.  shot  missed  the  target  altogether,  and  struck  the 
ground  on  the  left,  passing  through  a  bank  of  earth,  and  then  flying  off  to  the  right  up- 
wcrds  into  the  air  over  the  river.  The  next  shot,  weighing  3071bs.,  and  fired  with  a  501b. 
charge  of  powder,  struck  the  hollow  part  of  the  target,  where  it  was  7-Mn.  thick,  and  what 
is  termed  "  dished  it,"  or  bent  the  plate ;  but,  as  was  remarked  upon  the  ground,  for  a 
projectile  of  such  weight,  propelled  by  such  a  charge  of  powder,  it  effected  no  commensu- 
rate damage.  The  third  shot  was  more  successful.  It  was  a  steel  projectile  of  3301bs. 
weight,  fired  with  the  some  charge.  It  struck  on  the  edge  of  the  71in.  plate — its  weakest 
part — and  made  a  broken  indentation  to  the  depth  of  104in.  The  terminal  velocities  of 
both  these  last  shots  were  lower  than  any  fired,  which  was  attributed  to  what  is  believed 
to  be  the  excessive  pitch  in  the  mode  of  ribbed  rifling  adopted  by  Mr.  Thomas.  The 
whole  effect  of  this  piece,  considering  its  great  length  of  barrel  and  force  of  charge,  did 
not  realise  the  expectations  formed  of  its  capabilities  in  the  morning.  Sir  William  Arm- 
strong then  fired  his  300-pounder  with  an  ordinary  east-iron  round  shot,  weighing  1441b., 
with  a  charge  of  451b.  The  terminal  velocity  with  which  this  struck  the  74-inch  plate  on 
the  unbacked  portion  was  the  highest  attained — no  less  than  1636ft.  a  second— and 
almost  in  exact  proportion  to  its  velocity  was  the  damage  it  inflicted.  Not  only  was  its 
indent  larger  and  deeper  than  any  shot  that  had  gone  before,  but  on  the  inner  side  it 
broke  the  plate  both  vertically  and  horizontally,  leaviug  a  cruciform  tear  nearly  two 
inches  wide  at  the  openings,  besides  shaking  the  target  to  its  very  foundations.  This 
shot  and  the  steel  projectile  of  Mr.  Thomas  had,  in  fact,  so  damaged  the  whole  of  the 
massive  structure,  both  in  its  plates  and  fastenings,  that  further  experiments  became 
almost  useless.  The  iron,  even  where  most  torn,  held  together  in  a  manner  that  was 
really  wonderful,  but  Mr.  Thomas  had  knocked  off  several  of  the  massive  screw  bolt 
heads,  and  the  effect  af  the  entire  day's  work  had  been  to  so  bend  the  plates  and  destroy 
the  hacking  that  there  was  really  no  part  left  that  afforded  the  means  of  a  fair  test  of 
resistance,  while  it  was  evident  that  a  few  more  shots  like  the  last  might  bring  the  whole 
mass  to  the  ground.    The  firing,  therefore,  was  discontinued. 

Armour  Plate  Testing  at  Portsmouth. — The  firing  at  the  sample  and  experimental 
armour  plates  on  the  sides  of  the  Powerful,  target  ship,  at  Portsmouth,  was  brought  to 
a  close  on  the  25th  February  last,  after  three  days'  practice.  The  firing  at  the  sample 
plates  resulted  in  nothing  of  particular  interest  to  the  general  public  or  calling  for  any 
remark  further  than  that  the  plate  supplied  by  Messrs.  John  Brown  and  Co.,  of  the 
Atlas  Steel  Works,  Sheffield,  undoubtedly  carried  off  all  the  honours.  The  firing  at  the 
experimental  plates  proved  interesting  and  important  as  far  as  related  to  the  testing  of 
the  two  bent  plates.  The  crossed  planks  of  iron  had  been  tested  in  somewhat  different 
forms,  but  on  the  same  principle,  on  several  former  occasions,  and  have  utterly  failed  in 
resisting  the  blows  of  the  68-pounder.  The  crossed  planks  or  plates  of  iron  tired  at  on 
the  present  occasion  were  each  6ft.  long  by  1ft.  wide  and  24in.  thick.  Six  of  these  were 
bolted  on  the  Powerful' s  side  by  side  in  ahorizontal  position,  the  remaining  six  being  laid 
over  them  in  a  contrary  or  vertical  position,  and  the  whole  12  thus  covering  a  6ft.  square 
space.  The  supposed  object  of  the  Admiralty  in  making  this  experiment  was  to  ascer- 
tain whether  any  difference  existed,  and  if  so,  to  what  extent,  in  the  shot-resisting  quali- 
ties of  plates  bent  hot  and  cold,  the  latter  being  the  cheaper  and  more  expeditious 
method.  For  this  purpose  one  of  the  4£m.  "  Royal  Alfred  plates"  was  selected  from  the 
stock  in  store  in  Portsmouth  dockyard,  and  divided  into  two  parts,  each  being  then  about 
74ft.  long  by  3ft.  6in.  wide.  It  had  been  intended  to  bend  each  of  these  portions  of  the 
plate  to  a  curve  of  4£ih.  from  a  centre  line,  but  in  bending  the  one  part  cold  in  the 
hydraulic  press  the  metal  began  to  open  on  the  outer  curve  when  the  curve  had  only 
reached  ljin.  out  of  the  intended  4|.  Under  these  circumstances  the  plate  was  only  bent 
further  to  2Jin.,  just  half  the  extent  originally  intended.  The  other  part  was  bent  hot  in 
the  wedge  press  to  the  same  extent,  but  exhibited  no  opening  of  the  metal,  and  was 
apparently  as  sound  as  when  first  sent  in  from 'the  contractors.  The  plates  were  of  rolled 
manufacture,  and  had  been  bent  across  the  grain.  The  first  shot  at  that  part  of  the 
plate  bent  cold  decided  its  fate,  the  effects  produced  by  the  shot  proving  incontestibly 
that  the  very  operation  of  bending  the  metal  cold  had  completely  altered  the  structure 
and  nature  of  the  metal,  rendering  it  to  a  great  extent  crystalline  and  brittle.  The  firing 
at  the  hot  bent  plate  was  attended  with  as  much  interest.  That  bent  cold,  from  the 
openings  exhibited  in  its  bending,  was  not  expected  to  stand  very  severe  hammering, 
although  the  way  in  which  it  broke  up  astonished  everyone.  The  hot  bent  portion, 
however,  represented  the  sides  of  our  present  armoured  ships  afloat  and  building.  This 
plate  stood  but  little  better  than  the  one  bent  cold  in  the  hydraulic  press,  and  its  struc- 
ture was  also  apparently  as  much  changed  as  that  of  the  cold  bent  plate  by  the  bending 
process  to  which  it  had  been  subjected.  It  may  here  be  stated  that  the  plate  selected  for 
this  experiment  was  from  the  manufactory  of  one  of  the  best  of  our  armour-plate 
makers,  Mr.  John  Brown,  of  Sheffield.  With,  therefore;  this  utter  destruction  by  the 
process  oi  "  bending  "  of  all  the  rigidity  and  blow-resisting  powers  of  an  acknowledged 
superior  description  of  armour  plate,  certainly  more  complete  in  the  "  cold  "  than  "  hot " 
process,  abundant  material  is  furnished  for  future  and  most  serious  consideration  in 
armouring  our  ships  of  war. 

Armour- Plate  Experiments  were  resumed  at  Portsmouth  on  the  9th  ult.,  under  the 
superintendence  oi  Capt.  R.  S.  Hewlett,  C.B.  The  plates  tested  on  this  occasion  com- 
prised three  Oittjn.  m  thickness  of  metal  from  the  Elswick  Company— two  of  iron  and 
one  of  steel  all  three  made  under  the  steam  hammer,  but  with  the  additional  novelty 
attending  flic  steel  plate,  that  after  its  manufacture  it  had  been  re-hcatedto  an  annealing 
heat,  and  then  cooled  in  oil.  There  were  also  two  hammered  plates  of  5Jin.  thickness  of 
metal,  from  the  Thames  Ironworks  and  Shipbuilding  Company,  one  of  which  was  a 


sample  plate  for  the  Minotaur  iron  frigate,  building  for  the  Government  by  the  company, 
and  the  other  ^vas  a  plate  for  the  Boyal  Sovereign's  turrets,  bent  24in.  out  of  a  straight 
line,  when  heated,  by  the  wedge-press  process.  The  Elswick  plates  failed  utterly  in 
offering  resistance  to  the  shot  from  the  68-pounder  gun,  one  iron  plate  being  destroyed 
by  a  single  shot,  the  other  by  two  shots,  and  the  steel  plate  being  broken  up  in  five 
separate  pieces  by  two  shots.  The  diameter,  depth,  and  general  character  of  the  indents 
from  the  shot  on  the  two  iron  plates,  were  of  the  ordinary  description,  but  those  on  the 
steel  plate  were  considerably  less  than  what  is  made  by  the  shot  on  iron  plates,  the 
diameter  of  the  indents  in  this  ease  being  only  6in.,  and  their  depth  only  1  l-10in.  The 
plate  possessed  all  the  required  hardness,  but  also  the  fatal  fault  of  brittleness.  It  was 
made  from  the  best  Sheffield  steel.  The  two  plates  from  the  Thames  Ironworks  proved 
to  be  of  an  unusually  excellent  quality,  considerably  above  the  average  of  good  "  A  2  " 
plates.  It  is  a  remarkable  fact  in  connexion  with  the  cast  plate  for  the  Boyal  Sovereign, 
that  there  were  no  cracks  or  openings  in  the  metal  after  it  was  bent,  and  even  when  the 
plate  was  broken  eventually  across  its  back,  in  a  known  weak  part  of  the  forging,  by  the 
severe  pounding  which  it  received,  the  metal  did  not  open  with  the  curve,  but  across  it. 
This  plate  received  five  shots  in  an  irregular  triangular  space,  1ft.  by  1ft.  3in.  and  lOin. 
Three  of  these  shots  struck  in  a  space  of  8in.,  measuring  from  centre  to  centre  of  the 
extreme  indents.  There  was  no  penetration  of  the  plate  in  any  part  by  the  shot,  nor  was 
any  part  of  the  metal  detached  from  the  main  body.  The  other  plate,  made  by  the 
Thames  Company  for  the  Minotaur,  received  seven  shots  in  a  space  of  2ft.  6in.  by  2ft., 
and  three  of  these  were  on  the  lower  left  edge,  beating  the  edge  of  the  plate  partially  into 
the  ship's  side,  but  without  any  actual  penetration,  or  without  any  part  of  the  plate 
being  thoroughly  separated  from  the  main  body.  The  chord  of  the  arc  within  whieh  the 
three  blows  were  struck,  measured  23in.,  and  the  depth  of  the  arc  was  12in. 

Testing  of  English  and  Foreign  Armour  Plates. — The  firing  at  the  English  and 
foreign  ships'  armour  took  place  at  Portsmouth  on  the  20th  ult.  The  plates  consisted 
of  44-ineh  plate,  from  the  Thames  Ironworks  Company,  cut  in  two  parts,  one  part  bent 
two  inches  traversely  from  a  straight  line,  and  the  remaining  part  not  bent ;  a  44-inch 
plate,  from  the  Mersey  Ironworks,  and  two  other  plates,  one  of  54-ineh  and  the  other  of 
44-inch,  from  Mr.  Begbie,  of  London.  All  the  plates  were  of  excellent  quality.  The 
bending  of  the  half  of  the  Thames  plate  did  not  appear  to  have  injured  the  metal  any 
further  than  if  it  had  been  rather  incautiously  heated.  The  metal  in  the  bent  ^portion 
had  a  greater  tendency  to  crumble  under  the  blows  of  the  shot  than  the  unbent  portion. 
The  Mersey  plate  was  also  excellent,  and  stood  some  severe  pounding  without  penetration 
being  made.  The  two  plates  furnished  by  Mr.  Begbie,  however,  beat  all  the  others. 
The  54-inch  had  five  shots  planted  in  a  space  of  17  inches  by  12,  but  no  thorough  penetra- 
tion was  made,  nor  were  there  any  cracks  of  oonsequence.  The  44-inch  plate  had  seven 
shots  in  a  space  of  3  feet  by  22  inches,  with  only  surface  cracks.  This  plate  stood  mag- 
nificently, and  the  way  in  which  the  metal  stretched  under  the  blows  of  the  shots  without 
eracking  was  astonishing.  One  shot  struck  the  plate  on  the  edge  at  the  upper  corner, 
but  instead  of  breaking  or  eracking  the  metal,  as  is  usually  the  ease  under  such  circum- 
stances, it  merely  bent  and  expanded  it  without  a  sign  of  crack  or  flaw  of  any  kind.  The 
incidents  on  these  two  plates  were  rather  under  the  ordinary  depth.  The  metal,  where 
pounded  by  the  shot,  had  a  peculiarly  white,  silvery,  and  soft  appearance. 

Krupp's  Guns. — The  breech-loading  110-pounder  gun  (says  the  Army  and  Navy  Gazette) 
rifled  in  the  Royal  Arsenal  on  the  service  (Armstrong)  system,  whieh  was  east  solid  and  then 
hammered  at  the  works  of  Msssrs.  Kriipp,  at  Essen,  has  passed  the  endurance  proof  as 
well  as  the  service  one,  but  shows  a  slight  flaw  in  the  interior.  This  may  have  been 
caused  by  rifling,  and  would,  in  the  ease  of  a  built-up  gun,  be  of  no  moment,  but  must  be 
regarded  with  some  suspicion,  and  can  hardly  be  considered  safe  in  a  solid  weapon,  that 
would,  if  burst,  fly  into  fragments.  We  much  question  whether  any  guns  without  coils 
or  hoops  over  the  breech  will  be  sufficiently  safe  for  use  in  the  'tween  decks  on  board  ship. 
There  must  be  absolute  safety  in  firing  the  high  charges,  by  which  alone  armour-plates 
can  be  pierced ;  and  this  safety,  although  the  interior  tubes  fail,  has  only  been  obtainable 
hitherto  by  building  up.  The  want  of  a  better  interior  for  the  guns  was  clearly  pointed 
out  several  months  since,  in  a  lecture  given  by  Mr.  Anderson,  at  the  Royal  United  Service 
Institution,  and  at  which  he  made  his  proposal  to  use  "  steel,"  rendered  tough  by 
the  application  of  oil.  At  the  head  of  the  factories,  as  Mr.  Anderson  now  is,  we  may 
therefore  look  forward  to  a  superior  class  of  heavy  ordnance  being  produced;  but  whether 
the  internal  portion  of  the  gun  will  be  a  steel  tube  or  a  Kriipp  casting  hammered  after- 
wards, seems  doubtful.  If  steel  or  Kriipp's  metal  can  be  produced  of  sufficient  size  and 
toughness  to  form  the  whole  front  and  inner  breech  in  one  mass,  a  great  advantage  will 
result  both  in  the  expense  and  in  the  power  of  the  guns  to  withstand  the  blows  of  hostile 
shot  upon  their  exposed  portion ;  the  breech  could  then  have  a  coil  over  it,  whieh  would 
always  render  the  gun  safe  against  breaking  in  pieces,  and  causing  destruction  to  the  ship 
and  crew. 

STEAM  SHIPPING. 

Trial  Trip  oe  "The  Kate,"  Twin  Screw  Steamer. — The  trial  trip  of  this  new 
vessel,  which  has  been  looked  forward  to  with  much  interest  in  nautical  circles,  came  oft 
on  February  28th.  The  Kate,  built  by  Messrs.  Dudgeon,  is  an  iron  vessel  of  500  tons  B.M., 
her  length  between  perpendiculars  is  165ft.,  beam  22ft.  6in.,  depth  in  hold  13ft.  6in.  She 
is  fitted  with  separate  and  independent  engines  of  60  horse-power  each,  26in.  cylinders, 
and  21in.  stroke ;  has  two  three-bladed  screws  of  7ft.  6in.  in  diameter,  14ft.  6in.  pitch,  and 
9ft.  6in.  apart  from  centre  to  centre.  Her  engines  are  exactly  the  same  as  the  Flora  She 
is,  however,  15ft.  longer,  has  a  long  fiat  floor  and  tolerably  square  bilges,  is  rigged  as  a 
fore-and-aft polacca  schooner,  her  masts  constructed  to  lower  by  a  joint  near  the  deck, 
telescope  funnel,  and  wire  rigging.  Her  draught  of  water  on  this  occasion  was  7ft.  2in. 
aft,  and  5ft.  4in .  forward.  The  blades  of  her  screws  were  now  entirely  immersed,  exposing 
about  9in.  above  the  water.  At  12.15  she  cast  off,  and,  as  her  head  was  up  the  river, 
afforded  those  on  board  an  opportunity  of  judging  of  the  facility  of  the  twin  screws 
atlorded  for  turning  from  a  state  of  rest,  and  also  for  extricating  a  vessel  quickly  from  a 
difficult  and  awkward  position.  From  the  time  the  warps  were  cast  off  until  she  made 
her  half  turn,  and  was  under  way  down  the  river,  about  two  minutes  ten  seconds  elapsed. 
A  single  screw  vessel,  vainly  endeavouring  to  execute  the  same  manoeuvre.just  outside  of 
her,  appropriately  exemplified  the  vast  superiority  the  double  screws  impart,  and  the 
difference  formed  a  marked  contrast  that  was  closely  observed  by  all  the  naval  authorities 
on  board,  affording  an  incident  that  fully  satisfied  them  as  to  further  results.  The  day 
was  exceedingly  fine,  with  a  light  easterly  breeze,  and  the  tide  on  the  last  of  ebb.  The 
Kate  averaged  twelve  knots  on  her  passage  to  the  Nore,  the  engines  making  120  revolu- 
tions. UpoD  reaching  the  Nore  light-ship,  Mr.  Dinnen  of  the  Admiralty,  commenced  the 
trials.  The  first  was  running  from  the  Nore  to  the  Mouse  light-ship,  74  nautical  miles ; 
this  was  accomplished  in  37  minutes,  giving  an  average  speed  of  12  knots  an  hour,  the 
engines,  which  were  also  constructed  by  Messrs.  Dudgeon,  working  beautifully  at  from 
120  to  129  revolutions,  with  a  vacuum  of  25in.,  and  the  pressure  of  steam  201b.  It  mnst 
be  remembered  in  comparing  the  speed  of  the  Kate  with  the  Flora,  that  the  former  is  a 
much  larger,  longer,  and  out  of  the  water  loftier  vessel,  and  with  but  the  same  power  of 
engines.  After  reaching  the  Mouse,  the  more  important  trials  of  manoeuvring,  with  a 
view  of  showing  the  advantages  of  the  twin  screw  system  as  applicable  to  vessels  of  war, 
were  commenced.  The  first  was  describing  a  circle  with  both  screws  working  ahead  full 
speed,  and  the  helm  hard  to  starboard;  this  she  accomplished  in3min.  48 sec.;  the  circle 
described  was  about  400  yards  in  diameter.  The  second  trial  the  port  engine  and  screw 
were  stopped,  and  the  starboard  driven  ahead  full  speed,  and  she  described  the  circle  in 
3  min.  58  sec.  At  the  third  trial  the  starboard  engine  and  screw  were  driven  ahead  full 
speed,  and  the  port  astern,  when  the  circle  was  accomplished  in  4  min.  16  sec.    Upon  the 
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fourth  trial  the  starboard  engine  and  screw  were  driven  ahead  full  speed,  the  port  engine 
and  screw  astern  full  speed,  and  the  helm  kept  amidships;  by  means  of  her  screws  alone 
she  described  the  circle  upon  her  own  centre  in  6  min.  55  sec.  The  fifth  trial  was  made 
"by  turning'  the  port  engine  and  screw  ahead,  and  the  starboard  astern,  with  the  helm 
hard-a-port,  when  she  described  the  circle  in  i  min.  17  sec,  turning-  on  her  centre.  The 
sixth  trial  consisted  in  experimentalising'  upon  steering'  the  vessel  by  her  screws  alone, 
without  any  assistance  from  the  rudder,  when  it  was  most  satisfactorily  proved  by  going 
ahead,  astern,  and  turning  to  port  and  starboard,  that  the  vessel  was  under  perfect  com- 
mand. In  that  part  of  the  trial  in  which  she  steamed  full  steam  astern,  one  of  the  river 
"buoys  was  selected  as  the  point  to  steer  her  for  by  the  screws,  and  universal  satisfaction 
was  expressed  at  the  manner  in  which  she  performed  this  manoeuvre.  The  return  trip 
from  the  Mouse  to  the  Nore  light-vessel  was  accomplished  In  35  min.  15  see.;  so  that, 
taking  the  state  of  both  %vind  and  tide,  twelve  knots  an  hour  appears  to  have  been  her 
average  speed  throughout  the  day. 

Trial  op  the  Galway  Mail  Steajieb  "  Columbia." — This  paddle-wheel  steamer, 
one  of  the  Atlantic  Royal  Mail  Company's  fleet,  underwent  her  official  trial  on  the  4th 
ult.,  in  Stokes  Bay.  The  Columbia  has  been  thoroughly  overhauled  and  strengthened  in 
every  department,  and,  among  other  improvements,  the  whole  of  the  condensers  and  air 
pumps  are  new,  and  are  now  worked  by  large  eccentrics.  The  work  connected  with  the 
hull  has  been  executed  by  Messrs.  Laird  and  Sons,  of  Birkenhead,  and  that  of  the 
machinery  department  by  Messrs.  Eavenhill  and  Salkeld.  The  following  are  the  results 
of  four  runs  at  the  measured  mile.  First  run,  4  min.  16  sec,  equal  to  L1'229  knots  per 
hoar,  20£  revolutions ;  second  run,  4  min.  56  sec,  equal  to  12'162  knots  per  hour,  20J 
revolutions;  third  run,  3  min.  59  sec,  equal  to  15'063  knots,  21  revolutions;  fourth  run 
5  min.,  equal  to  12'000  knots,  21  revolutions  ;  giving  a  mean  of  13'4S7  knots.  Pressure 
of  steam,  251bs. ;  vacuum,  24i;  indicated  horse-power,  4000.  Her  draught  of  water  for- 
ward was  19ft.  9}in. ;  aft,  19ft.  2|in. ;  the  mean  draught  being  19ft,  6}in.  She  had  860 
tons  of  coal  on  board,  and  65  tons  of  water  and  spare  gear.  While  at  Ml  speed  the  vessel 
made  a  complete  turn  in  6  min.  55  sec. 

The  Livebpool,  New  Yohk,  and  Philadelphia  Steamship  Company  have  recently 
added  a  new  steamer  to  their  line,  called  the  City  of  Cork,  built  by  Messrs.  Denny,  of 
Dunbarton,  of  1550  tons ;  and  the  new  steamer,  City  of  London,  of  2560  tons,  by  Messrs. 
Tod  and  McGregor,  is  expected  on  the  station  in  about  another  month. 

Thb  Peninsular  and  Oriental  Company.— A  Bombay  paper  states  that  the  value 
of  the  Peninsular  and  Oriental  Company's  fleet  may  be  estimated  at  £3,000,000,  their 
leasehold  and  freehold  property  at  £1,100,000,  and  their  coal  depots  at  £340,000.  Their 
gross  revenue  is  about  £2,000,000  a  year.  The  company  have  20  stations,  and  their 
offices,  machinery,  fuel  depots,  and  docks  at  many  of  these  stations  rival  Imperial  esta- 
hlishments  for  their  magnitude  and  convenience.'  They  have  the  most  lucrative  goods 
and  passenger  traffic  of  any  carrying  company  in  the  world. 

'  LAUNCHES  OF  STEAMERS. 

Launch  op  Steamships  fok  China. — On  the  4th  ult.  the  Quang  Jung,  a  fine  paddle 
steamer  built  for  the  Anglo-Chinese  fleet,  was  launched  from  the  yard  of  Messrs.  Laird, 
Birkenhead.  Her  dimensions  are : — Length,  184ft. ;  baeadth,  24ft. ;  depth,  13ft. ;  tonnage, 
525  tons ;  power  of  engines,  150  horses.  The  model  is  designed  to  made  a  fast  and  handy 
vesBel,  both  at  sea  and  in  the  rivers.  She  has  a  straight  stem  and  elliptical  stem.  The 
deck,  fittings,  &e.,  will  be  of  the  same  style  and  quality  as  in  Her  Majesty's  service. 
There  was  also  on  the  same  '.day  floated  out  from  one  of  the  docks  of  the  same  works 
another  steamer  built  for  the  same  fleet  called  the  Tien-tsin.  Her  dimensions  are: — 
Length,  UJOft, :  breadth,  25ft. ;  depth,  12ft.;  tonnage,  445  tons;  power  80  horse.  The 
engines  are  those  for  which  Messrs.  Laird  were  awarded  a  medal  at  the  International 
Exhibition. 

Thb  "  Socthebnee,"  a  fine  model  serew  steamer,  was  launched  from  the  yard  of 
HMB.  Pearec  and  Lockwood,  Stockton,  on  the  8th  ult.  The  Southerner  is  of  1953  tons, 
O.M. ;  length  over  all  294ft.,  sin., ;  breadth,  38ft.,  2in.;  depth  of  hold,  22ft.  The  engines 
of  300  horse  power,  constructed  by  Messrs.  Fossick  and  Ilackworth,  arc  fitted  with  super- 
heating and  Iced  heating  apparatus,  and  other  recent  improvements.  This  is  the  largest 
vessel  ever  launched  on  tin 

Launch  op  an  Anglo-Chinese  Despatch  Boat.— On  the  6th  ult.  a  despatch  paddle 
steamer,  ordered  by  Captain  Sherard  Osborne  for  his  Anglo-Chinese  fleet,  was  launched 
from  the  yard  of  Mr.  .1.  White,  lie  ,,|  Wight  Her  dimensions  are:— length  between 
perpendicular.,  239ft. ;  breadth  ol'  beam,  29ft. ;  tonnage,  builders  measurement,  1000  tons, 
'the  engfaet,  which  are  of  300  horse  power,  are  constructed  by  Messrs.  Day  and  Sons,  of 
the  Northam  Ironworks. 

RAILWAYS. 

Collision  on  tiij.  .Mini.AND  Railway.— On  the  16th  ult.  a  collision  took  place  which 
fortunately  did  not,  terminate  fatally,  but  which  caused  serious  injury  to  several  persons. 
The  accident  occurred  on  the  Midland  line,  at  Sawley  junction,  half  way  between  Not- 
tingham and  Derby.  Between  eight  and  Dine  a  coal  train  between  Derby  and  Leicester 
broke  down  near  to  Bawle  illowod  !  ■.-  the  9.30  train  from  Derby  to  Nottingham, 

which  came  to  a  stand  behind  the  coal  train.    Arrangement*  were  instantly  made  for  the 
age*  traffic  to  be  worked  on  the  down  instead  or  the  up  line,    Soon  afterwards  the 
*..'!<>  train  hacked  from  the  place  at  which  the  ftoppage  occurred  to  Draycol  (-station,  and 

the  pilot  guard  (who  waa en  thi  II  jhl  from  the  engine  of  the 

■9.20  passenger  train  from  Derby  to  Nottingham  as  a  signal  from  the  pointsman  to 

advance,  and  thai  all  was  right.     The  consequence  wa»,  that    the  two  trains  dashed  into 
each  other  violent iy.     BTi  •   knocked  oil'  the  line,  but  it  wa«  ascer- 

tained there  were  about  ten  persons  more  or  leal  seriously  injured, 
'.''fin:   In  ti.iv  Mi  tkoI'Omtan  Kaii.wav,  though  a  -mall,  is  one  ol   then. 

undertakings  that  Ireland  bai  n  since  the  introduction  of  the  railway  system  Into  thai 

country,    its  object  Is  to  connect  all  the  great  lines  which  centre  in  toe  capital,  i 
make  extension,  to  the  shipping  quays,  along  which  tramway-,  will  he  laid.    The  i 
isolation  oi  the  existing  line    i    thni  removed;  the  Interchange  of  traffic,  now  difficull 
ande:  facilitated  and  cheapened,  ana  a  thorough  commix 

for    passengers  and   goods.     The   pi  jjeei    has   the   support    of  all  the    existing   railway 
interesta>    The  capital]  divided  Into  £10  so 

Ballwat  Com  rm  Italt.-  At  on  i  theltaltan 

Chamber  ol  Deputies  at  Turin,  on  the  occasion  of  the  discos  ion  of  the  Badge)  of  Public 
Works,  General  Menabrea  appil  for  cutting  through  Mont  tenia  should 

be    carried    up    to  2,5O0,OOOf.   Instead  of   1:  fixed    hv   the    committee,     'the 

Chamber,  feeling  tin    Importance  ol  that  great  undertaking,  acqnii  "i  ii 

desire  to  effect  as  much  sarins.  .  In  the  application  of  thi 

Menabrea,  in  a  vei  mmed  up  the  situation  of  the  undcrtakiag, 

and  the  present  state  of  Ho-  works,     'the   length   Of  the  tunnel  a!    Bfl  00  (lie 

Italian  side  of  the  monl  !  ■,   \i'\   rnetTi 

metre  c.  30  inches  English),  '■!'  wlii.  i.  I  ;..,  the  ,,'r,|,,, 

to  I860,  and  the  remainder    170  metres  in  IfldL  and  380  m  1880    bj  tie  new  msohanlcsj 
means.    On  the  side  of  Modem  ,  the  meih.-ii:,  bad  not 

been  adopted  up  to  the  1st  January  last,  hut.  bj  the  ordlnarj  i. 
excavated,  making  altogether  o  length  ol  2198 
means  wen  also  brought  Into  operation  on  the  Pi 

his  opinion  that  the  whole  of  the  cutting  may  I Dieted   in    I-",  |  .  ■.(  the 

2."i  years  :i  itA,  and   re.  omtDl  :ele,|    the    pj    , 

sacrifices  In   order  to   attain    that   re, ult,   which    • 

Government,  as  by  the  convention  with  France  the  latter  is  to  pay  :i  |  VK),O00f. 


for  every  year  reduced  in  the  maximum  of  25  years,  and  of  600,000f.  if  the  works  continue 
for  less  than  15  years.  While  waiting  for  the  tunnelling  of  the  mountain  the  Italian 
Government  has  conceded  to  Mr.  Zell,  an  English  engineer,  the  construction  of  a  railway 
on  the  present  road  over  Mount  Cenis,  on  a  system  of  which  he  is  the  inventor,  and 
which  is  described  below.  Mr.  Zell,  who  is  supported  by  Mr.  Brassey,  undertakes 
the  affair  at  his  own  risk  and  peril.  The  concession  of  the  Italian  Government  is  not, 
however,  valid,  unless  Mr.  Zell  obtains  that  of  the  French  Government,  which  is  equally 
interested  in  the  undertaking,  and  he  has  already  left  for  Paris  in  order  to  present  his 
proposals  to  the  French  Government. 

A  Railway  across  the  Simplon. — The  Paris  correspondent  of  the  Brussels 
Independance  writes : — The  scheme  for  the  passage  of  the  Alps  by  railway  over  the 
Simplon,  has  been  submitted  to  the  Emperor,  at  the  Tuileries.  The  plans  are  executed 
by  the  company  of  the  Italian  line,  and  the  president,  one  of  the  directors,  and  M. 
Lehaitre,  the  engineer,  had  the  honour  of  presenting  it.  The  Grand  Diana  gallery  had 
been  placed  at  the  disposal  of  these  gentlemen,  for  the  exhibition  of  the  plans,  which  are 
forty  metres  in  length.  Some  workmen  had  arranged  along  the  whole  length  of  this 
celebrated  gallery,  wooden  ascents  and  cross-roads,  by  which  were  shown  the  general 
plan  and  outline  of  the  route,  so  that  the  Emperor  and  the  persons  who  accompanied 
him,  could,  in  walking,  follow  upon  the  maps  the  projected  line  from  Douro  G'Ossola,  in 
Italy,  to  Brigues,  in  the  Valais,  and  so  effect,  in  imagination,  an  actual  passage  of  the 
Alps,  upon  a  reduced  scale,  it  is  true,  of  two  thousand.  This  great  work  was  commenced 
on  the  1st  of  August  last  year,  and  ended  on  the  7th.  About  forty  agents,  divided  into 
two  brigades,  one  turning  to  the  north  and  the  other  to  the  south  of  the  Alps,  under  the 
leadership  of  two  engineers,  have  during  four  months  explored  the  mountain,  and  traced 
the  plan  of  the  future  railway,  which  is  to  pass  over  rocks,  cross  torrents,  till  up  valleys, 
gorges,  and  precipices,  before  which  science  does  not  hesitate.  The  stimulus  of  having  a 
great  work  to  accomplish  has  alone  sustained  the  great  men  to  whom  the  task  was 
confided.  They  set  up  shelters  and  encampments  in  woods  hitherto  unexplored,  carrying 
on  their  backs,  beds,  clothing,  and  provisions,  as  they  had  often  to  live  two  or  three 
leagues  from  any  dwelling.  It  was  frequently  necessary  to  lower  by  ropes  down  the 
precipices,  the  men  who  had  to  prepare  the  plans  amid  empty  space,  and  the  snow  and 
avalanches  more  than  once  threatened  to  stop  them  summarily  in  their  work.  The 
result  has  been  to  put  before  the  Emperor  eighty  kilometres  of  iron  way  in  the  Helvetic 
Alps,  forty-four  of  which  will  be  covered  over,  twenty-three  in  tunnels,  and  twenty-one 
in  galleries.  All  these  passages  are  ventilated  either  by  shafts  for  the  tunnels,  or  lateral 
openings  for  the  galleries.  These  openings,  cut  at  diflerent  points  into  arcades,  have  a 
startling  appearance.  They  are  veritable  promenades  a  thousand  metres  above  the  sea, 
offering  the  same  security  as  those  of  the  Eue  de  Tivoli,  which  they  resemble,  but 
presenting  a  more  picturesque  and  varied  panorama.  The  execution  of  the  plan,  accor- 
ding to  the  author,  would  occupy  less  than  five  years.  At  the  end  ef  this  month  the 
complete  project  of  crossing  the  Alps  by  the  Simplon,  will  be  officially  submitted  to  the 
governments  of  France,  Italy,  and  Switzerland.  The  estimated  cost  of  this  great  project, 
including  the  fixed  and  rolling  material,  the  interest  of  the  capital  employed,  &c,  is 
72,000,000  francs. 

"The  Gkeat  Russian  Railway. — From  the  report  of  the  council  of  administration  of 
the  Great  Russian  Railway  Company  for  1861-2,  which  has  recently  been  published,  the 
following  is  found  : — The  undertaking,  upon  which  about  £25,000,000  have  been  ex- 
pended, on  the  faith  of  a  5  per  cent,  guarantee  by  the  Russian  Government,  appears  to 
be  making  good  progress,  the  traffic  having  doubled  in  1862  as  compared  with  1861. 
The  extent  of  railway  now  at  work  is  1010  miles.  Last  year  seventy-five  mixed  IocomoT 
fives,  forty-nine  goods  locomotives,  and  thirteen  locomotives  to  be  used  at  stations  were 
ordered  by  the  company ;  and,  at  the  close  of  1862,  it  was  calculated  that  the  company 
had  322  engines,  of  which  220  were  omployed  on  the  St.  Petersburg  and  Warsaw,  and  102 
on  the  Nijni-Novgorod  line.  The  company  had  constructed  a  good  deal  of  its  plant,  and 
many  of  its  turntables,  switches,  &c,  at  its  Leuchtcnbcrg  works,  and  fitting  and  repair- 
ing shops  on  a  great  scale  were  last  year  brought  into  operation  at  St.  Petersburg, 

South  American  Railways. — The  Peruvian  Government  have  sanctioned  a  contract 
with  reference  to  a  line  across  the  Andes,  concluded  with  Messrs.  Homberg  and  Co.,  of 
London,  and  Messrs.  Bovan  and  Co.,  of  Paris.  An  interest  of  7  5  per  cent,  per  annum  is 
guaranteed  by  the  Peruvian  Government  upon  the  capital  employed,  The  works  of  a 
line  in  progress  from  Santiago  to  Valparaiso,  in  the  Republic  of  Chili,  arc  being  pushed 
forward  with  great  activity,  and  the  rails  have  been  laid  for  more  than  half  the  distance 
between  Santiago  and  Quillota,  from  which  point  a  line  to  Valparaiso  has  been  for  some 
time  opened  for  traffic. 

iNniAN  Railways. — The  opening  of  the  railway  to  Benares  has  so  shortened  the  time 
taken  by  the  post  between  Calcutta  and  Bombay  that  the  direct  mail  steamer  from  Cal- 
cutta closes  only  three  days,  instead  of  a  week,  after  the  Bombay  mail.  On  Lord  Elgin's 
way  to  Benares,  the  Governor-General  stopped  at  Nulhattcc,  and  carefully  inspected  tho 
light  railway  which  has  been  laid  down  on  an  ordinary  road  from  Moorshedabud  by  Mr. 
Wilson,  C.B.,  engineer  of  the  Indian  Branch  Railway  Company.  The  gauge  is  only  four 
feet,  a  lirsl  experiment  in  a  system  of  railway  construction  which  may  yet  revolutionise 
Indian  transit.  The  same  company  arc  about  to  lay  down  a  similar  feeder  of  the  Bast 
Indian  trunk  line  lrmu  Cawnpore,  through  I.ucknow,  to  the  Gogra,  which  is  at  this 
point  more  navigable  than  the  (hinges.  A  third  very  long  feeder  will  start  from  a 
point  about  CO  miles  from  Delhi,  and  at  right  angles  to  the  line  pass  through  the  rich 
Doal,  of  the  Ganges- and  Jumna  to  the  foot  of  the  Himalayas,     lint   the  longest  of  all 

will  be  a  line  parallel  with  the  East  Indian,  to  start  from  Buxar  on  the  Ganges,  and 

run  direct  up  through  Ondc  and  liohileuud,  probably  to  Cmballa.  Instead  id'  X' 12,000  a 
mile,  the  Lowest  average  price  of  the  guaranteed  lines,  these  light  railways  will  he  lad 
down  at  83600  a  mile,  id'  which  Ihe  Stale  will  contribute  £1000  in  muiic  shape  or  other  as 
a  subvention.  All  will  he  on  the  uniform  Indian  gauge  of  BJft.,  and  will  meet  the  Insuper- 
able difficulty  of  ihe  want  of  wood  uy  iron  sleepers. 

RAILWAY   ACCIDENTS. 

K>  i.  BxfOtm   Co  ash. —  An  extraordinary  occurrence  recently  tool,  place  On 

the  Caledonian    l.'ailway,  which    had  very   nearly   been    Ihe  cause  of  a    serious   accident. 

in.    wa;  detached  from  an  up  luggage  train  at   lieallocl,  station,    and  shunled  on 

to  the  down  line,  for  the  par] f  taking  In  water.    When  tin    operation  waa  I - 

ploted,  the  drirer,  Instead  of  going  to  the  points  and  returning  to  hi    propor  line,  put 

im  and  started  tor  th ith  a) The  fireman,  who  we   on  the  platform,  ■ ■■ 

i hat  If  the  engine  kepi  on  It  would  inevitoblj  I  the  down  limited  mail  Ease  to  face, 

another sagine,  which  fortunately  had  the  steam  up,  and 
started  In  obos the  pi  p  line     aAoi  a  raao  ol  la  mile,  he  overtook  the 

truant    engine   near  Lookl     b        Hid    I    i  Jotting   alongside  leaped    Ii BgUU    to   the 

.-ii,  irolng  at  the  rati  ef  i  ,  or  M)  mils  an  hour  al  bus  tunc,    tie  bad  just  time 
to  revi  fine,  waka  up  the  driver,  who  was  asleep,  and  then  run  in  the  adjacent 

ihe  limited  mail  came  t  liiindcring  along  lloni  1'arli-le  at    In  miles  an 

I r.    it  wa   fortunately    topped  bj  the  signal  In  Ume  wnsu  within  a  few  ysrda  of  tho 

runaway   engine,     Had  tin-  lir.e,  cause  to  i-e    uc,  even  for 

oaa  minute, a verj  ■• , aooldesrt and  1 ofUfamn  I  liava  ooourrsd, 

llui  I  ".ir:„s,       >u    the    Hlh    nil.   a  railway  colli  ion  hap 

pened  on  tin  car  to  Wolverhampton.    At  7.1. .  a.m. 

a  local  train  left  th.  flreal   Western  Station  In  Wolverhampton  tor  the  Hadelej  and 

\\  ,.|l  n.  I  b  rough   a  defect  in  Ihe  feed -\  ah  c  l.io  much  water  Was  l  a  I.  en  into 

el  the  iram  was  stopped  al  the  Wolverhampton  lot 

tive  works  of  the  Gnat  Western  Railway,  which  arc  upon  the  Shreivshury  and  llirmiiig- 
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ham  line,  that  this  defect  might  be  remedied.  Care  did  not  seem  to  have  been  taken  by 
the  persons  in  charge  of  the  train  to  apply  the  stationary  sigual,  which  was  close  at 
hand,  so  that  a  London  goods  train,  which  was  then  due,  might  be  warned  off.  In  con- 
sequence, the  goods  train  came  on,  unapprehensive  of  danger,  and  was  between  100  and 
150  yards  only  from  the  passenger  train  when  the  driver  of  the  goods  saw  the  tail  of  the 
passenger  train.  He  shut  off  steam,  reversed  the  engine,  applied  his  breaks,  and  did  all 
in  his  power  to  avert  a  collision ;  but  in  vain.  Fortunately,  the  passenger  train,  when 
he  came  upon  it,  had  begun  to  move ;  and  to  this  circumstance,  added  to  the  promptitude 
of  the  goods  train  driver,  is  owing  the  circumstance  that  the  collision  has  been  un- 
attended with  fatal  consequences.  Singularly  enough  the  persons  injured  were  in  the 
carriage  the  farthest  removed  from  the  point  of  collision,  and  the  one  which  was  coupled 
to  the  luggage-van,  which  followed  immediately  upon  the  tender  of  the  passenger  train. 
This  was  a  second-class  carriage.  Its  buffers  were  broken  by  the  concussion  against 
those  of  the  luggage-van,  and  then  the  carriage  was  reared  to  the  roof  of  the  van,  and 
the  first  compartment  destroyed. 

TELEGRAPHIC  ENGINEERING. 

The  Indian  Electric  Telegraph  Department  is  about  to  be  thorou  ghly  reformed, 
and  the  lines  now  in  use  are  to  be  superseded  by  posts  and  wires  of  'permanent  construc- 
tion.   The  reforms  are  due  to  the  representations  of  the  Bombay  Government. 

Telegraph  in  Sweden. — The  official  Swedish  telegraph  report  states,  that  the  Swedish 
telegraph  (net)  has  advanced  from  10  geographical  miles,  in  1853,  to  689  in  1861 ;  the 
total  amount  of  wires  being  983  geographical  miles,  while  the  number  of  stations  has 
increased  from  two  to  sixty  eight.  In  1861  the  number  of  telegrams  was  169,038,  the 
income  513,044,  and  the  clear  gain  to  the  state  69,142  Swedish  dollars. 

Submarine  Telegraph  Company.— The  Submarine  Telegraph  Company,  during  the 
half-year  end  31st  December  last,  transmitted  172,881  messages  over  their  wires,  against 
137,714  for  the  previous  six  months,  showing  an  increase  of  35,167  messages.  The  receipts 
were  £23,427  5s.  6H,  against  £18,517  18s.  S\d.,  or  an  increase  of  £4909  6s.  Wd.  The 
returns  of  tha  current  half-year  contrast  favourably  with  those  ofthe  corresponding  period 
of  1862— the  number  of  messages  conveyed  for  the  first  six  weeks  being  34,680,  as  com- 
pared with  31,783,  and  the  receipts  being  £4907  13s.  5\d.,  as  compared  with  £4194  19s.  bd. 
The  proportion  of  the  earnings  belonging  to  this  company,  after  paying  the  working  ex- 
penses and  repairs  to  cables,  left  a  profit  of  £9500  16s.  7\d. ;  and  deducting  the  interest 
paid  on  debentures  and  loans,  and  £1853  18s.  lid.,  being  10  per  cent,  on  the  gross  receipts 
for  the  reserve  fund,  there  remains  a  sum  of  £5285  0s.  3id.,  equivalent  to  a  dividend  of 
nearly  5  per  cent,  per  annum  on  the  share  capital.  Following  the  same  course  for  the 
liquidation  of  the  balance  of  the  suspense  account  (2300  15s.  114(2.),  as  was  adopted  in  the 
last  half-yearly  accounts,  viz.,  by  applying  the  reserve  fund,  £1853  18s.  lid.,  and  the 
balance,  £620  5s.  9d.,  of  last  half-year's  revenue,  amounting  together  to  £2474  is.  8d., 
there  is  available  a  sum  of  £5458  9s.,  from  which  a  dividend  at  the  rate  of  4  per  cent,  per 
annum  was  declared,  carrying  over  a  balance  of  £1219  15s.  placed  to  the  credit  of  the 
reserve  fund.  The  cable  between  Marsala,  in  Sicily,  and  Cape  Carbonara,  in  Sardinia,  has 
recently  been  successfully  laid, 

GAS    SUPPLY. 

The  Crystal  Palace  District  Gas  Company  have  reduced  their  price  of  gas  through- 
out the  district  commencing  the  1st  of  January,  1863,  and  have  also  declared  a  dividend 
of  six  per  cent,  per  annum,  and  a  dividend  of  ten  per  cent,  per  annum  on  the  ordinary 
capital  of  the  company. 

The  Boston  Gas  Company  propose  a  dividend  at  the  rate  of  S\  per  cent,  for  the 
current  year. 

In  Abergavenny,  the  price  of  gas  is  to  be  reduced  from  6s.  10d!.  to  5s.  Wd.  per  1000 
feet  j  the  Wd.  also  to  be  deducted  for  prompt  payments. 

The  Howden  Gas  Company  have  reduced  their  price  from  7s.  6d.  to  6s.  Sd..  and 
have  declared  a  dividend  of  6  per  cent. 

The  Bromley  Gas  Company  have  declared  a  dividend  of  10  per  cent.,  leaving  a 
balance  of  £305. 

The  Kettering  Gas  Works  have  deemed  it  necessary  to  add  a  third  gasholder  to  the 
two  already  existing,  the  accepted  tender  being  C.  and  "AT.  Walker;  for  £444. 

CANALS. 

The  Suez  Canal. — The  efiorts  ofthe  company  are  at  present  almost  exclusively  directed 
to  the  completion  of  the  canal,  by  which  fresh  water  will  be  conveyed  to  Suez.  It 
branches  off,  near  Lake  Timsah,  from  the  small  canal,  previously  dug  by  the  company, 
and  which,  will  be  remembered,  is  a  prolongation  of  the  Wadi  Toumilat  Canal.  The 
watercourse  is  about  25  feet  in  width,  with  a  depth  of  about  five  feet.  It  is  already 
completed  as  far  as  the  Bitter  Lakes,  and  the  engineers  of  the  company  expect  to  reach 
Suez  before  the  middle  of  the  coming  summer.  Their  next  task  will  be  the  construction 
of  a  feeding  canal,  starting  from  Cairo,  and  running  along  the  edge  of  the  Desert,  the 
execution  of  which,  though  lately  abandoned,  has  been  finally  decided  upon.  Without 
it,  indeed,  it  would  be  impossible  to  maintain  a  sufficient  level  in  the  new  canals,  even 
while  draining  their  neighbours,  to  the  grievous  injury  of  the  cultivators  dependent  upon 
the  latter  for  the  irrigation  of  their  lands.  The  sight  of  a  stream  of  fresh  water,  flowing 
through  the  still  and  death-like  solitude  of  the  Desert,  of  itself  offers  a  most  singular 
spectacle.  A  practical  end  can  also  more  readily  be  assigned  to  this  portion  of  the  com- 
pany's projects.  To  the  inhabitants  of  Suez  the  acquisition  of  fresh  water  and  of  the 
attendant  means  of  vegetation  will  be  a  boon  of  real  value,  and,  although  new  accessions 
of  arable  land  are  hardly  yet  an  object  of  necessity  to  Egypt,  yet  the  canals  afford  the 
prospect  that  many  productive  spots  along  their  banks  may  yet  be  redeemed  from  the 
surrounding  wilderness.  Between  the  fresh- water  canal  and  the  rigole,  or  preliminary 
trench  of  the  Maritime  Canal,  runs  a  small  channel,  about  five  feet  wide  and  two  to 
three  feet  in  depth,  which  serves  to  supply  the  labourers  with  water,  and  which  is 
lengthened  as  the  work  on  either  side  progresses,  being,  however,  always  kept  a  short 
distance  in  advance.  The  cutting  for  the  maritime  rigole,  through  the  ridge  of  the 
Serapeum,  which,  next  to  the  Gisr,  is  the  highest  land  on  the  course  of  the  canal, 
will  for  a  short  time  remain  in  abeyance,  while  the  fresh-water  canal  is  pressed 
forward.  The  cutting  of  El  Gisr  has  been  dug  to  a  depth,  at  its  highest  levels,  of  about 
70  feet,  and  it  forms  a  channel  containing  a  width  of  water  of  about  25  feet,  with  a  depth 
of  four  to  five  feet.  The  trench  is  cut,  as  elsewhere  in  the  desert,  with  its  sides  at  an 
inclination  of  two  feet  for  every  one  foot  in  depth.  The  ridge  terminates  towards  the 
north  in  a  plain  covered  with  hillocks  of  light  sand,  which  about  four  and  a-half  miles 
further  on  sinks  below  the  level  of  the  sea,  and  is  now  covered  with  a  shallow  sheet  of 
water,  communicating  with  lake  Menzaleh.  It  is  along  these  four  to  five  miles  of  the 
line  that  the  canal  appears  to  be  exposed  to  the  greatest  danger  from  land  drifts.  But  it 
is  maintained  that  the  embankments  which  will  be  formed  when  the  canal  is  excavated 
to  its  full  width  and  depth  will  afford  ample  protection.  As  a  further  precaution,  hedges 
of  cane  and  brushwood  are  put  up  at  various  points  across  the  plain.  These,  it  is  eon- 
tended,  will  serve  as  barriers  against  the  progress  of  the  heavier  particles  of  sand,  which 
being  raised  by  even  the  most  violent  storms  at  but  a  slight  elevation,  and  moving  at  a 
low  velocity,  are  brought  to  the  ground  on  meeting  with  the  least  obstacle.  The  lighter 
particles,  being  lifted  high  into  the  air,  are  carried  away  over  long  distances,  and  on 
again  falling  to  the  ground  are  spread  so  lightly  over  the  plain  that  it  is  contended  they 
can  be  of  little  or  no  practical  effect.  The  track  of  the  canal  along  the  greater  part  of 
its  course  through  Lake  Mensaleh  is  clearly  marked  by  the  embankments,  of  which  the 
bases  have  been  raised  on  either  side  at  a  distance  of  60  metres  across.    Two  small 


channels  have  been  formed,  one  on  either  side,  with  a  depth  of  water  just  sufficient  to 
give  passage  to  a  small  boat.  The  central  portion  of  the  canal  is  still  untouched,  and 
the  mud  which  forms  the  bed  of  the  lake  frequently  shows  itself  above  the  surface  of 
the  water.  The  embankments  are  made  of  this  same  mud,  which  was  lifted  by  hand 
labour  from  the  bed  of  the  lake.  Near  Port  Said  the  traces  of  the  embankment  become 
very  slight,  and  in  some  places  boats  seemed  to  cross  the  open  lake.  The  work  is  to 
be  continued  by  means  of  dredging  machines.  The  mud  is  raised  in  almost  a  liquid 
state,  and  is  poured  into  a  species  of  caisson  formed  of  planks,  supported  by  wooden 
piles  driven  into  the  bed  of  the  lake.  On  rising  above  the  level  of  the  water  the  mud 
hardens  into  a  solid  mass.  This  portion  of  the  work,  as  will  be  readily  believed,  has 
been  attended  with  great  difficulties  and  trouble,  but  the  worst  is  believed  by  the 
engineers  to  be  past.  As  the  canal  approaches  Port  Said  it  is  to  attain  the  width  of  80 
metres,  terminating  in  a  basin  or  dock  of  800  metres  square.  This  basin  is  likewise  to 
be  deepened  by  means  of  dredging  machines.  As  yet  only  16  machines  have  been  put 
together  at  Port  Said  and  along  the  canal,  but  it  was  stated  that  the  number  will 
shortly  be  raised  to  50,  and  that  each  is  expected  to  excavate  an  average  of  little  if  at  all 
less  than  1000  cubic  metres  a  day.  The  channel  of  communication  with  the  sea  will  be 
400  metres  wide,  and  its  entrance  is  to  be  protected  by  a  double  jetty.  The  western  mole 
is  to  be  prolonged  to  a  distance  of  3400  metres,  or  somewhat  more  than  two  miles,  where 
it  will  reach  a  depth  of  water  of  10  metres,  or  about  32  feet.  A  small  islet  of  stone  has 
been  formed  at  about  half  the  distance  as  a  nucleus  to  the  future  pier,  and  to  serve  for 
the  discharge  of  the  boats  that  come  to  Port  Said  with  stone  and  other  materials  and 
stores.  The  temporary  wooden  jetty  is  about  200  yards  in  length,  and  is  partially  filled 
in  with  stone.  The  accumulation  of  sand  that  has  been  formed  on  the  western  side- 
advances  the  beach  to  the  extent  of  about  50  yards  into  the  sea ;  but  the  engineers  are 
disposed  to  attach  but  little  importance  to  the  matter.  They  argue  that  before  the  sand 
can  reach  the  extremity  of  the  mole  it  must  fill  up  an  angle  formed  by  a  basis  extending- 
to  an  almost  unlimited  length  along  the  coast  to  the  westward,  and  of  an  elevation  of 
upwards  of  two  miles.  The  stone  required  for  the  works  at  Port  Said  has  hitherto  been 
brought  at  an  exceedingly  heavy  cost  from  the  quarries  of  El  Meks,  near  Alexandria. 
Future  supplies  are  to  be  drawn  from  the  hills  of  Genneffeh,  near  the  Bitter  Lakes,  and 
to  be  brought  in  flat-bottomed  boats  along  the  canal,  at  an  estimated  cost  of  14f. 
the  cubic  metre.  At  Suez,  it  will  be  remembered,  the  intention  of  constructing- 
jetties  has  been  abandoned,  and  it  is  proposed  simply  to  deepen  the  channel 
that  leads  from  the  anchorage  to  the  town,  a  distance  of  about  four  and  a  half 
miles,  and  which  is  practicable  for  small  boats  alone.  The  channel  is  formed  on  its 
western  side  by  a  large  sandbank,  partially  uncovered  at  low  tide.  At  its  further  ex- 
tremity the  Messageries  Imperiales  have  commenced  the  foundation  of  the  dry  dock,  in 
accordance  with  their  contract  with  tha  Egyptian  Government.  The  dock  will  be  con- 
nected with  the  shore  by  an  embankment  2\  miles  in  length,  already  in  course  of  con- 
struction, over  the  sandbank,  and  which  will  be  surmounted  by  a  railway.  It  seems 
a  singular  thing,  considering  the  implicit  confidence  with  which  the  success  of 
the  Canal  Company  appears  throughout  to  have  been  regarded  by  the  French  public  of 
all  classes,  as  well  as  by  the  late  Viceroy,  that  it  should  not  have  been  resolved  to  await 
the  completion  of  the  improved  channel,  when  the  dry  dock  might  be  constructed  close 
in  shore  on  a  far  more  convenient  spot,  and,  of  course,  at  a  very  much  lighter  cost.  To 
return  to  Port  Said.  The  site  of  the  destined  town  is  a  narrow  strip  of  land, 
which  separates  the  sea  from  the  lake,  and,  until  lately,  occasionally  washed  over  by  the 
sea.  It  is  in  process  of  being  widened  and  raised  beyond  the  reach  of  the  waves.  A 
foundry  and  workships,  fitted  up  with  every  description  of  machinery,  have  been  estab- 
lished at  Port  Said,  and,  together  with  the  lighthouse,  at  the  foot  of  the  pier,  the  store- 
houses, ehdlets,  and  other  light  dwelling  places  built  for  the  employes,  impart  a  town-like 
appearance  to  the  spot.  Nile  water  is  brought  across  the  lakes  in  boats  carrying  iron 
tanks,  but  the  place  is  before  long  to  be  supplied  by  means  of  iron  pipes,  which  have 
already  been  brought  to  the  Isthmus.  The  water  is  to  be  raised  by  pumping  machinerj 
in  the  neighbournood  of  Timssh  to  the  summit  of  El  Gisr,  whence  it  will  flow 
towards  the  north,  following  the  embankment  of  the  maritine  canal. 

ACCIDENTS  TO  MINES,  MACHINERY,  &c. 

Colliery  Explosion  near  Newcastle-upon-Tyne. — About  six  o'clock  in  the  morn- 
ing of  the  7th  ult.  an  explosion  of  gas  occurred  in  Coxlodge  Colliery,  by  which  19  persons 
have  lost  their  lives.  The  colliery  is  situated  at  the  north  edge  of  the  town  moor,  about 
a  mile  and  a  half  from  the  town,  and  it  is  the  property  of  Mr.  Joshua  Bower,  of  Leeds. 
The  workings  of  the  mine  are  very  extensive,  and  it  appears  that  at  the  time  mentioned, 
43  persons  were  working  in  the  north-east  division  of  the  pit.  Of  these  19  were  killed, 
and  24  escaped  with  their  lives. 

BOILER  EXPLOSIONS. 

Manchester  Association  toe  the  Prevention  oe  Steam  Boiler  Explosions. — 
At  the  ordinary  monthly  meeting  this  Association  held  on  February  24th,  1863,  the  chief 
engineer  presented  his  report.  This  report  was  a  double  one,  embracing  the  month  of 
January  as  well  as  that  of  February.  Of  this  report  the  following  is  an  abstract : — 
"  During  the  last  two  months,  i.e.,  from  January  1st  to  February  20th,  the  ordinary  visits 
of  inspection  have  been  made,  2  boilers  tested  by  hydraulic  pressure,  and  the  following 
defects  discovered  in  the  boilers  examined,  viz. : — Fracture,  4 ;  corrosion,  45  (5  dangerous); 
safety-valves  out  of  order,  8  (1  dangerous) ;  water  gauges  ditto,  28  (2  dangerous);  pres- 
sure gauges  ditto,  19 ;  feed  apparatus  ditto,  9 ;  blow-out  cocks  ditto  (mainly  from  neglect), 
37  (1  dangerous) ;  fusible  plugs  ditto,  1 ;  furnaces  out  of  shape,  3  (1  dangerous) ;  blistered 
plates,  3.  Total,  157  (10  dangerous).  Boilers  without  glass  water-gauges,  19;  without 
blow-out  cocks,  17 ;  without  back-pressure  valves,  64.  Three  explosions  have  been  re- 
ported since  the  commencement  of  this  year,  from  which,  however,  no  lives  have  been 
lost,  nor  any  personal  injury  done  worth  mentioning.  Not  one  of  the  boilers  in  question 
was  under  the  inspection  of  this  Association.  "  No.  1  Explosion. — There  has  been 
no  opportunity  of  investigating  the  cause  of  this  explosion,  neither  have  any  reliable 
reports  been  obtained,  but  with  regard  to  No.  2  and  No.  3;  a  personal  examination 
has  subsequently  been  made  of  the  boiler  in  each  instance.  No.  2  Explosion. — 
The  boiler  in  this  case  was  externally  fired,  and  of  plain  cylindrical  construction, 
the  ends  being  slightly  domed.  The  length  was  5ft. ;  the  diameter,  2ft. ;  and  the 
thickness  of  the  plates,  three-eighths  in  the  ends,  and  one  quarter  in  the  remainder. 
The  cylindrical  portion  of  the  shell  was  composed  of  two  plates,  about  three  feet  wide, 
laid  lengthwise,  and  flanged  at  their  attachment  to  the  end  plates,  which  were  in  one 
piece.  The  complement  of  fittings  was  most  incomplete,  the  number  of  those  omitted 
being  greater  than  those  supplied.  There  was  no  feed  stop-valve,  no  feed  back-pressure 
valve,  no  steam  pressure-gauge,  nor  any  tap  for  applying  the  indicator  as  a  test  of  the 
actual  pressure.  The  only  fittings  were,  one  glass  water-gauge,  and  one  safety-valve,  the 
latter  stated  to  have  blown  off  at  a  pressure  of  251b.  per  square  inch.  The  boiler  had 
lately  been  purchased  second-hand,  and  not  put  into  regular  work  since  its  re-setting.  In 
consequence  of  this,  the  feed  pipe  was  not  yet  connected,  and  the  boiler  had  been  supplied 
with  water  poured  in  by  hand  at  the  safety  valve  when  the  steam  was  down.  The  engine 
was  standing  at  the  time  of  the  explosion,  but  had  been  working  about  an  hour  previously. 
The  results  of  the  explosion  to  the  surrounding  property  were,  that  the  workshop  in 
which  the  boiler  was  set,  was  laid  completely  in  ruins,  the  chimney  levelled  to  the  ground, 
and  the  windows  of  a  house  on  the  opposite  side  ofthe  street  broken  by  the  concussion. 
The  boiler  was  rent  into  five  pieces,  one  of  which  was  blown  across  the  street,  and  lodged 
upon  the  top  of  the  opposite  house,  while  the  manhole  cover  was  thrown  upon  the  roof  of 
a  shed  in  another  direction.  With  regard  to  the  cause  of  the  explosion,  the  primitive  mode 
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of  feeding  the  boiler  naturally  excited  the  suspicion  as  to  the  sufficiency  of  the  supply  of 
water;  and  with  this  view,  therefore,  a  particular  examination  was  made  of  the  remaining 
fragments  of  the  glass-gauge,  the  colour  of  the  plates,  and  the  position  of  the  fractures ; 
in  addition  to  which,  the  circumstances  attendant  on  the  working  of  the  boiler  were  in- 
quired into.    The  result  of  this  investigation  was,  that  shortness  of  water  did  not  appear 
to  have  been  the  cause  of  the  explosion,  and  this  conclusion  was  corroborated  by  further 
examination,  as  will  be  seen  from  the  following  particulars.    The  safety-valve,  which  was 
supposed  to  have  blown  off  at  251b.  pressure,  was  found,  on  investigation,  to  have  been 
loaded  to  upwards  of  1001b. ;  the  diameter  being  lone  inch,  the  proportions  of  the  lever 
thirteen  to  one,  the  weight  at  the  end  51b.,  in  addition  to  that  of  the  lever  itself.    It  is 
impossible  to  say,  however,  whether  the  valve  had  been  free  or  not,  since  it,  as  well  as  the 
lever,  had  been  blown  away ;  and,  as  there  had  been  no  steam-gauge,  the  pressure  must 
always  have  been  a  matter  of  uncertainty,  and  thus  it  can  only  now  be  concluded,  that 
1001b.  on  the  square  inch  was  the  minimum.    A  boiler,  however,  of  such  dimensions  as 
the  one  in  question  would,  if  well  constructed,  withstand  a  much  higher  pressure  than 
that  of  1001b.  per  square  inch;  but,  in  this  case,  the  manhole  had  not  been  strengthened 
with  any  mouth  piece,  which  consequently  made  a  very  weak  point  in  the  shell,  and  from 
which  the  explosion  appeared  to  have  arisen.    Five  rents  had  started  from  it,  while  the 
remaining  fractures  were  all  subsidiary  to  these,  and  nothing  more  than  the  simple  de- 
velopment of  them.    The  effect  of  the  manhole  would  be  to  throw  upon  the  plates  of  the 
shell,  in  the  immediate  vicinity  of  the  opening,  an  extra  disruptive  strain  of  about  ten 
tons,  added  to  which,  the  cover  being  an  internal  one,  there  would  be  acting  it  an  upward 
pressure  of  steam  amounting  to  about  five  tons,  and  tending  to  drive  it  through  the  man- 
hole.   The  cover  was  a  bad  fit,  being  much  too  rounding,  in  consequence  of  which  diffi- 
culty had  always  been  experienced  in  making  the  joint,  and  it  had  been  severely  tightened 
by  a  stout  bolt,  which  left  the  impression  of  the  heels  of  the  bridge  in  the  plates.    When 
it,  is  remembered  that  the  thickness  of  the  plates  was  only  one-quarter  of  an  inch,  it  will 
•not  be  surprising  that  fracture  should  have  occurred  at  the  manhole,  under  the  above  cir- 
cumstances ,  and  the  fact  of  five  of  the  rents  emanating  from  this  point,  and  all  the 
others  being  explicable  upon  the  view  that  fracture  commenced  therein  the  first  instance, 
it  is  thought  to  be  conclusive  that  the  mal-construction  of  the  boiler,  in  not  being  suitably 
strengthened  at  the  manhole,  was  the  cause  of  the  explosion.    No.  3  Explosion.— The 
circumstances  in  this  case  were  very  similar  to  those  in  No.  2.    The  boiler  was  externally 
fired,  and  of  plain  cylindrical  construction.    The  length  was  7ft.  6in.;  the  diameter,  3ft. ; 
while  the  plates  varied  in  thickness  from  five-sixteenths  to  one-quarter.    The  boiler  was 
made  out  of  an  old  flue-tube,  taken  from  an  internally  fired  Iboiler,  and  the  longitudinal 
seams  in  line.    The  fittings  consisted  of  only  one  float,  and  one  safety-valve,  there  being 
as  in  the  previous  case,  no  steam-gauge,  nor  any  means  of  ascertaining  the  actual  pressure. 
At  the  time  of  the  explosion,  the  engine  was  not  at  work,  but  the  steam  was  being  got  up 
in  preparation  for  starting,  and  the  boiler  stated  to  have  been  amply  supplied  with  water, 
which  an  examination  of  the  plates  and  fractures,  afforded  no  reason  to  doubt.    As  to  the 
cause  of  the  explosion,  there  could  be  no  room  for  hesitation.    The  safety-valve,  which 
was  stated  to  have  blown  off  at  501b.  pressure,  proved  to  have  been  actually  loaded  to  up- 
wards of  2001b.,  the  diameter  being  only  three-quarters  of  an  inch,  the  proportions  of  the 
lever,  seven  to  one,  and  the  weight  with  which  the  lever  was  loaded,  211b.    The  manhole 
in  this  boiler,  as  in  the  previous  one,  was  not  strengthened  by  any  mouth-piece,  and  the 
Tents,  as  before,  had  started  from  this  opening.    Attention  has  already  been  called  in 
these  reports  to  the  weakening  effect  produced  upon  the  shells  of  boilers  by  unguarded 
manholes,  as  well  as  by  openings  cut  in  the  plates  at  the  base  of  steam  domes,  and  a  case 
of  explosions  from  these  causes  previously  recorded.    All  modern  well-appointed  boilers 
tiave,  as  a  rule,  their  manholes  strengthened  by  strong  mouth-pieces  rivetted  to  the  plates, 
the  surface  for  the  cover-joint  being  faced;  still,  it  is  thought  that  the  weakening  effect 
produced  upon  the  shells  of  boilers  by  steam  domes  has  not,  as  yet,  received  sufficient  at- 
tention, and  although  it  may  have  proved  hitherto  comparatively  harmless,  that  the 
gradual  increase  of  pressure,  now  generally  taking  place,  must  shortly  force  the  subject 
into  notice,  and  thus  prominence  is  given  to  the  details  of  these  two  explosions  with  a 
view  of  showing  the  importance  of  the  subject.    The  danger  of  working  without  steam- 
pressure  gauges  will  also  be  apparent  from  both  of  the  above  explosions.    The  results  of 
this  explosion  were  curious  rather  than  serious,  and  attested  the  force  of  atmospheric 
■concussion  produced  by  steam.    A  dwelling-house  directly  facing  the  boiler,  and  situated 
about  50ft.  from  it,  had  its  four  windows,  two  on  the  ground  and  two  immediately  over 
them,  all  dismantled.    A  shower  of  bricks  had  been  projected  through  the  lower  window 
immediately  opposite  the  boiler,  and  had  left  their  scars  upon  the  walls  of  the  room  in- 
side, while  the  two  upper  windows  were  also  blown  in.    This  will  not  excite  much  sur- 
prise; but  the  other  lower  window  was  stated  not  to  have  been  blown  in  but  drawn  out, 
■and  this  was  attested  by  the  debris  of  the  sash  lying  upon  the  ground  in  the  yard,  while 
it  was  added  that  a  looking-glass  standing  in  the  room  had  been  sucked  out  along  with 
the  window  sash,  and  thrown  upon  the  ground  outside.    The  same  apparent  anomaly  has 
been  noticed  with  regard  toexplosious  caused  by  gunpowder, — some  objects  being  thrown 
away  from  the  scat  of  explosion,  and  others  drawn  towards  it.    This  is  accounted  for  by 
the  double  action  that  takes  place,  namely,  first  an  expansion,  which  causes  pressure,  and 
then  a  recoil,  which  produces  exhaustion.    Some  objects  are  more  susceptible  to  the 
effect  of  pressure  than  exhaustion,  while  others  are  the  reverse,  and  each  succumbs  to  that 
action  to  which  It  is  able  to  offer  the  least  resistance.    Thus  unguarded  windows  fall 
under  the  first  action— viz. :  that  of  pressure  consequent  upon  the  expansion,  while  out- 
side shutters,  adapted  to  resist  external  aggression,  withstand  the  former,  but  yield  to  the 
exhaustion  consequent  upon  the  recoil.     There  were  further  signs  on  the  roof  of  an  ad- 
joining shed  of  the  force  of  atmospheric  impact,  consequent  on  the  explosion.    This  shed 
stood  at  right  angles  with  the  dwelling-house,  and  extending  toward  the  scat  of  the 
boiler,  formed,  with  the  buildings  immediately  adjoining  the  latter,  nearly  three  sides  of 
a  square.    A  considerable  portion  of  the  side  of  this  shed  nearest  the  boiler  was  open, 
while  the  other  sides  were  closed.    The  effect  upon  the  shed  was,  that  many  of  the  stone 
flags,  with  which  the  roof  was  covered,  were  blown  up,  and,  clearing  the  pegs  which 
bung  them  to  the  rafters,  slid  down  upon  the  lower  ones,  while  others  mounted  the 
rafters  only,  and  there  remained.    The  portion  of  the  roof  affected  was  the  side  of  the 
gable  opposite  to  the  open  doorway, and  most  distant  from  the  boiler,  since  that  side  pre- 
sented a  surface  more  nearly  at  right  angles  with  the  direction  of  the  impulse  than  the 
other.    These  particulars,  though  not  important  in  themselves,  afford  additional  evidence 
of  the  high  pressure  at  which  the  boiler  must  have  been  worked." 

MINES,  METALLURGY,  «tc. 

Process  for  Obtainino  jinrly-powderbd  Metallic  Coppeb,  by  M.  Hugo  Scnirr. 
— To  obtain  finely-powdered  metallic  copper,  mix  a  certain  quantity  of  a  saturntcd  solu- 
tion of  Bulphatc  of  copper  with  some  of  the  same  salt  in  coarse  powder,  and  some 
granular  metallic  zinc,  and  shake  the  mixture  continuously  and  briskly  ;  tin'  inpric solu- 
tion is  decomposed  by  the  zinc,  which  is  changed  into  sulphate,  and  leaves  the  copper 
only  in  the  form  of  a  I'mcly-divided  powder.  As  a  certain  quantity  of  the  cx<  ess  of  sul- 
phate of  copper  Is  constantly  dissolving,  the  decomposing  action  of  the  zlno  OOntinuM 
while  CUprlc  salt  is  in  solution.  Hy  this  means  large  quantities  of  powdered  metallic 
copper  can  be  prepared  in  a  very  short  time.  Win  n  a  certain  quantity  is  formed.  It  is 
thrown  on  a  filter  and  washed  several  time-,  with  distilled  water  (reed  1'rorn  air,  ami  then 
with  alcohol;  it  is  afterwards  dried  by  pressure,  guarded  from  air  and  heat,  as  the  metal, 
when  so  finely  divided,  Is  very  apt  to  oxidise.  During  the  reaction  heat  is  developed,  ami 
singularly  accelerates  the  decomposition  of  tho  cupric  salt,  and  after  a  lew  minutes  the 
temperature  becomes  so  intense  as  to  render  it  impossible  to  hold  the  flask  in  the  hand. 


The  Desulphuration  of  Iron  in  Puddling. — The  inferior  quality  of  bar-iron 
obtained  from  the  puddling  of  pig-iron  reduced  from  iron  ores  rich  in  sulphur,  or  even, 
from  good  ores  when  reduced  with  coal  containing  much  pyrites,  is  well  known  to  iron- 
masters, and  many  methods  have  been  devised  for  the  desulphuration  of  this  iron  in  the 
puddling  process.  Among  the  best  of  these  is  the  addition  of  binoxide  of  manganese ; 
still  this  is  liable  to  objection  as  it  is  infusible,  and  thus  prevents  its  becoming  thoroughly 
incorporated  with  the  iron;  moreover,  commercial  oxide  of  manganese  often  contains 
impurities  which  possibly  may  be  taken  up  by  iron  in  the  puddling  process,  and  influence 
unfavourably  the  quality  of  bar-iron  produced.  This  subject  has  recently  been  studied 
by  Prof.  IBobert  Richter,  of  Leobon  (Austria).  Richter  calls  to  mind  the  powerfully 
oxidising  effect  of  litharge  (oxide  of  lead),  and  its  use  to  promote  oxidation  in  many 
metallurgical  processes.  On  experiment  he  finds  that  litharge  will  not  only  remove 
sulphur  in  the  puddling  process,  but,  what  is|equally  important,  it  also  oxidises  the  phos- 
phorus contained  in  the  iron,  thus  affording  a  most  simple  means  of  correcting  two 
sources  of  the  greatest  annoyance  to  the  ironmaster.  The  experiments  were  made  at 
the  forges  of  Count  Donnersmark,  at  Prantschach,  near  Wolfsberg,  in  Carinthia,  with 
pig-iron  which  contained  so  much  sulphur  that  it  was  impossible  to  make  it  into 
puddled  bar.  The  process  of  puddling  was  undertaken  in  two  double  puddling-furnaces 
arranged  for  burning  wood.  Each  furnace  was  charged  with  7  ewt.  of  this  iron.  To 
one  of  the  furnaces  there  was  added  31bs.  of  sulphide  of  iron  and  $lb.  of  phosphide  of 
iron,  in  order  to  still  further  deteriorate  the  quality  of  the  product.  After  complete 
fusion,  31bs.  of  litharge  was  added  to  the  furnace  in  which  the  sulphide  and  phosphide  of 
iron^has  been  placed,  and  on  thoroughly  mixing  this  with  the  charge,  the  iron  commenced 
to  boil  finely — the  litharge  being  deoxidised  by  the  carbon.  The  reduced  lead  was  im- 
mediately re-oxidised  by  the  atmosphere,  and  by  subsequent  reduction  and  re-oxidation  it 
again  and  again  exercised  its  oxidising  influence  on  the  harmful  impurities  contained  in 
the  iron.  There  was  soon  formed  an  easily  fusible  slag,  containing  oxide  of  lead,  which 
also  exercised  an  oxidising  influence  upon  the  impurities  contained  in  the  iron,  while  at 
the  same  time  the  oxides  thus  formed  united  with  the  slag.  After  an  hour  and  a  half 
from  the  time  of  charging,  the  iron  was  made  into  balls,  these  were  shingled,  and  with- 
out difficulty  rolled  into  puddled  bar.  In  the  other  furnace,  in  which  the  iron  was 
puddled  in  the  usual  manner,  it  was  two  and  a  half  hours  before  the  puddled  balls  could 
be  taken  out  of  the  furnace,  and,  notwithstanding  the  greatest  care  was  exercised,  these 
crumbled  to  pieces  when  struck  with  the  hammer,  and  rolling  into  bar  was  not  to  be 
thought  of.  Besides  this,  the  loss  in  weight  when  the  litharge  was  employed  was  but  11 
per  cent.,  while  in  puddling  this  iron  by  the  ordinary  process  the  loss  was  18  per  cent. 
The  puddled-bar  obtained  from  puddling  with  litharge  proved  neither  hot  or  cold  short, 
and  was  of  sufficiently  good  quality  to  be  forged  into  iron  for  scythes.  A  repetition  of 
the  experiments  gave  a  confirmation  of  these  results.  Richter  adds  that  in  some  instances 
the  use  of  metallic  lead  may,  perhaps,  be  preferable  to  litharge. 

APPLIED  CHEMISTRY. 

New  Properties  of  Sulphur,  by  M.  Dietzenbachee. — A  small  quantity  of  iodine, 
bromine,  or  chlorine  modifies  in  a  remarkable  manner  the  physical  and  chemical  proper- 
ties of  sulphur.  It  becomes  soft  and  malleable  at  the  ordinary  temperature,  and  main- 
tains this  form  for  a  long  time.  This  modification  of  sulphur,  discovered  by  M.  Charles 
Sainte-Claire  Devillc,  and  by  him  called  insoluble  sulphur,  is  almost  entirely  transformed 
by  this  process.  1.  By  heating  a  mixture  of  400  parts  of  sulphur  and  one  part  of  iodine, 
to  about  180°,  and  then  cooling  it,  a  sulphur  results  remaining  elastic  for  a  considerable 
time.  By  pouring  the  sulphur  on  a  glass  or  porcelain  plate,  flexible  lamime  are  obtained. 
This  takes  place  with  even  a  much  smaller  proportion  of  iodine.  Iodide  of  potassium 
acts  in  the  same  manner  as  iodine.  Treated  in  this  way  by  iodine,  sulphur  becomes  in- 
soluble in  sulphide  of  carbon.  The  liquor  turns  violet.  2.  The  action  of  bromine  on 
sulphur  is  analogous  to  that  of  iodine;  only  instead  of  being  black  with  a  metallic  lustre, 
the  sulphur  is  of  a  wax-yellow  colour,  and  is  much  softer,  and  remains  soft.  This  modi- 
fication is  produced  with  1  per  cent,  of  bromine,  and  about  200"  of  heat.  This  sulphur 
is  composed  of  from  75  to  80  per  cent,  of  sulphur  insoluble  in  sulphide  of  carbon.  3. 
By  passing  a  current  of  chlorine  on  sulphur  heated  to  about  240°,  a  soft  kind  of  sulphur 
is  obtained,  easily  drawn  out,  and  the  fragments  of  which  readily  adhere  and  unite 
With  sulphide  of  carbon  it  behaves  in  the  same  way  as  sulphur  treated  by  bromine. 
When  freshly  prepared,  however,  the  sulphur,  modified  by  the  chlorine,  yields  about  10 
per  cent,  more  matter  soluble  in  sulphide  of  carbon.  After  being  worked  up  for  one  or 
more  hours,  sulphur  hardens  suddenly,  and  becomes  completely  insoluble  in  sulphide  of 
carbon.  These  facts  may  throw  light  on  some  of  the  details  of  the  manufacture  of  India- 
rubber  vulcanised  by  sulphur  and  chloride  of  sulphur.  Some  of  them  confirm  the  results 
already  obtained  by  M.  Berthelot. 

Influence  of  Ozonised  Air  upon  Animals. — Dr.  Ireland  says: — "These  experi- 
ments were  most  carefully  performed,  and  all  sources  of  complication  avoided  as  carefully 
as  possible;  and,  as  I  felt  satisfied  of  their  correctness,  I  saw  no  reason  to  sacrifice  the 
lives  of  more  animals  in  repeating  them.  I  submit  to  the  reader  the  following  conclu- 
sions : — 1.  Ozonised  air  accelerates  the  respiration,  and,  wc  may  infer,  the  circulation. 
2.  Ozonised  air  excites  the  nervous  system.  3.  Ozonised  air  promotes  the  coagulability 
of  the  blood,  probably  by  increasing  its  fibrine.  In  the  blood,  however,  ozone  loses  its 
peculiar  properties,  probably  entering  into  combination  with  some  of  the  constituents  of 
the  circulating  fluid.  4.  Animals  can  be  subjected  to  the  influence  of  a  considerable 
proportion  of  ozone  in  the  air  for  hours  without  permanent  Injury;  but  in  the  end  ozone 
produces  effects  which  may  continue  after  its  withdrawal,  and  destroy  life." 

Coal-Tar  Colours— Peonine  and  Azulink.— An  additional  colouring  matter,  from 
coal  products,  has  recently  been  patented  by  Messrs.  Uuinon,  Manias,  and  Bonnet,  of 
Lyons.  The  object  of  the  invention  is,  in  the  first  place,  to  transform  carbonic  acid  into 
a  red  colouring  matter,  and  then  to  convert  it  into  a  fast  colour,  capable  of  resisting 
acids  and  other  agents.  They  take  about  23lbs.  of  carbonic  acid,  from  lOIbs.  to  20lbs.  of 
oxalic  acid,  and  from  71bs.  to  lilbs.  of  sulphuric  acid;  this  mixture  is  heated  until  tho 
colouring  matter  is  formed  of  the  requisite  consistence,  the  excess  of  acid  is  then  re- 
moved with  boiling  water,  when  it  assumes  the  state  of  a  light  pitch,  with  a  green 
shade  of  cantharides.  It  may  be  dried  and  reduced  to  powder  by  exposure  to  the  air,  or 
by  means  of  a  stove.  To  convert  this  into  a  more  solid  matter,  take  2Jlbs.  of  this  less 
solid  matter,  and  about  GJlbs.  of  ammonia  of  commerce.  This  mixture  is  then  put  into 
a  closed  metallic  vessel,  then  heated  to  a  temperature  of  about  270°  Kahr.  for  about 
three  hours.  This  is  allowed  to  cool,  and  then  the  vessel  is  opened.  The  matter 
Originally  introduced  therein  becomes  eomplctcly  dissolved  in  the  ammonia,  thence 
yielding  a  liquor  rather  thick,  and  with  a  considerable  colouring  power.  This  liquor, 
when  treated  with  acids,    furni»hcs  I  deep  r.M    precipitate,    which  is  the  new  matter 

modified  as  required.    Tins  "peonine"  is  eppUoable  to  the  dyeing  of  silk,  wool,  &c., 

red.     ISy   combining  Ave  parts  of  ] nine  with  about  six  or   eight    parts  of  aniline  a 

blue  colouring  matter  is  produced,  The  mixture  is  heated  to  a  temperature  near  tho 
boiling  point,  whi.h  is  maintained  for  some  hours  until  the  material  is  completely  trans- 
formed. The  retail  thus  obtained  is  a  blue  oolouring  matter,  which  is  purified  by  means 
of  lUCoeeelve  washings,  first  with  acidulated  boiling  water,  next  with  heated  coal  oil, 
and,  lastly,  with  a  dilute  solution  of  caustic  alkali.  The  mutter  thus  obtained  is  passed 
Into  acidulated  bollini;  water,  then  dried,  It  is  then  in  the  form  of  a  powder,  with 
golden  ihsdes,  wluble  In  alcohol,  methyle,  and  other  spirits,  and  the  solutions  of  which 
moy  be  need  directly  fOT  dyeing  and  printing.  The  inventors  designate  this  new  coni- 
pound  "azulinc,"  and  the  blue  produced  by  It  Is  said  to  bn  very  line. 
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List  of  New  Patents. 


TThe  Aktizak, 
|     April  1, 1863. 


LIST  OF  APPLICATIONS  FOE  LETTERS 
PATENT. 

Wk  juvb  adopted  a  new  arrangement  of 
the  Provisional  protections  applied  for 
by  Inventors  at  the  Great  Seal  Patent, 
Office.  If  an?  difficulty  should  arise 
with  reference  to  thk  hamrs,  addresses, 
or  titles  given  in  the  list,  the  requi- 
site information  will  be  furnished,  free 
of  expense,  from  the  office,  by  addressing 
abetter,  prepaid,  to  the  editor  of 
**Thb  Artizan." 

Dated  February  24th,  1863. 

49(5  H.  Masters— Spools,  bobbins,  and  rollers. 

497  D    Spink— Armour  plates  f  r  ships. 

498  W.  &  H.  Whitehead  &  H.  Barber— Cutlery 
handles. 

499  J.  Clay— Saddles. 

500  J.  Hawthorn— Handles  for  doors,  drawers,  and 
other  means  of  enclosure. 

501  G.  Davies — Melting-  and  smelting1  furnaces. 

502  "W.  E.  Geil_-e— Hats. 

503  J.  "W.  Burton— Bearings  and  leashes  of  axles 
and  shafts. 

504  J    Le-Butt— Dressirg  grain. 

505  W.  Hoop«r— In^utKtiug  and  protecting  tele- 
graphic and  other  wires  and  rods. 

506  D.  B.  Chattertou— Brick-making  machinery. 
50T  E.  R.Walkrr— Valves. 

508  H.  H.  Willsou— War  and  merchant  ships. 

509  G.  A.  Huddart— Imparting  heu  to  fluids. 

510  A.  Juog^r — Life-preserving  garment. 

511  T.  Malliuson  &  J.  Liviugston — Throstle,  spin- 
ning, and  doubling  irames 

512  R.  W  Ttiomson  —  Obtaining  and  applying 
motive  power. 

513  G.  Bower  &  W.  Hollinshead— Apparatus  for 
'the  production  and  transmission  of  gas  or  other 
fl-mls. 

514  W*.  Clark — Sewing  machines. 

515  W.  H.  Lapthorn — Reefing  and  furling  ships' 
square  sails. 

Dated  February  25th,  1863. 

516  H.  "Wilde — Electromagnetic  telegraphs. 

517  F.  A  Gatty^  Printing  and  dyeing  cotton  and 
other  fabrics. 

518  R.  Maynard— Cutting  and  separating  agricul- 
tural produce. 

519  R.  A.  Broomnn — Lamps  for  burning  petroleum 
and  other  similar  oils. 

520  J.  Fitt-r — Castors  for  tables,  chairs,  and  other 
furniture. 

521  W.  Headman — Carlionate  of  magnesia  and  of 
iodme  and  kelp  salt  and  other  products  from 
kelp. 

52*  E.  B-  Wilson— Alloys  of  titanium  and  jron,, 

523  J.  B.  Green— Paper. 

524  B.  Lawrence  &  W.  Niblett— Regulating  the  flow 
of  gas. 

525  J.  Gailey — Sujiplying  air  for  irripgture  with  gases 
and  other  aeriform  fluid*. 

526  J.  Edwards— Buttons 

527  H.  H.  Heusou— Mats. 

£28  T.  "V.  Lee — Di<;g,ng,  compressing,  and  mould- 
ing peat  or  turf,  ^nd  for  retorts  and  kilns  for 
uryiug  pent  or  turf,  and  making  peat  or  turf 
charcoal  thioutrh  the  agency  of  hydro-caloric  or 
superheated  steam,  and  iov  collecting  the  products 
of  distillation  whilst  charring  thft  peyt  of  turf. 

529  W.  E  Newton— ^Prpduciug  stereotype  plates 
for  priming1  purposes. 

580  W.  Hudson  &  C.  Cntlow— Looms  for  weaving, 

531  N  Thompson— Sawing  wood. 

532  J.  I wrlis — Folding  paper  and  other  fabrics  or 
materials. 

533  A-  Macii  or— Veneering. 

534  G.  Tumkins — Tin  and  terne  plates. 

Dated  February  26th,  18U3. 

535  H.  Ed moi uls— Ventilation  of  ships  and  vessels- 
53t>  H     W.    Brown — Window   frames   and  glazing 

windows. 

537  C  Ritchie — Making  spiral  lighters  or  spills 
from  wood  or  other  su-  stances. 

538  G  H.  Ldiey— Securing  together  planks  of  wood 
.  applicable  to  the  building  and  caulking  of  ships 

and  other  vessels 

539  W  A.  Wilson  &  J.Smith— Furnace  fire-grates. 
M0  A.  Capello— Glazing  Morucco  leather. 

541  A.  P.  Price— Blu- colors 

542  J.  Yates — Armour  plates  or  blocks  fcr  defensive 
purposes. 

543  P  Spence — Potash,  alum,  and  other  salts  of 
potash. 

544  W.  Clark—  Buttons. 

5-*6  M.  Puddefoot — 'lillinsr  and  cultivating  land. 

546  J.  Humby — Oxide  if  zinc  or  Bine  white. 

547  R.  J.  Nodder— Hats.  caps,  helmets,  military 
head  dresses,  and  other  coverings  for  tt.e  head. 

548  F.  H.  Twilley— Book  s.uusor  holders. 

Dated  February  27th,  1863, 

549  J.  H.  Alhinson  &  H.  H.  Cocker— Spinning, 
doubling,  throwing,  uud  reeling  silk. 

550. W.   Stan'eu— Couve.rting   certuin  fibres  into  a 
'  substitute  for  human  and  other  hair. 
551   H.  Fehr— Treatment  or"  mineral  oils. 
662  E     T.     Hughes— Doubling    or    twisting    yarn, 
thread.  braid,  mxl  rope. 

553  J.  Carver— Kixiufr  of  combs  in  machines  em- 
ployed in  the  mauutactare  or  bobbin  net  or  twist 
lace. 

554  J.  A  Coffey— Controlling  and  facilitating  loco- 
motion on  laud  ami  water. 

555  J.  Kiy-i-Mashiii<j  machinery  used  in  makiiig 
fermented  liquors. 

556  R.  A  Hroomon — Apparatus  for  boring  into 
water  and  gas  supply  pipes,  and  fixing  brauch 
pipes  thereon. 


557  A.  Dudgeon.  G.  F.  L.  Meakin,  E.  E.  Allen- 
Underground  railways  or  subways,  and  carriages 
to  be  used  therein. 

558  W.  Gray — Beaters  for  thrashing  machines. 

559  W.  Clark — Pumping  and  forcing  water. 

560  V.  D.  Delahnye— Cleaving  and  excavating  pit 
coal  aud  rock  or  earth. 

561  J.  H.  Johnsou — Treatment  of  hemp  and  other 
textile  fabrics. 

Dated  February  28th,  1868. 

562  B.  West— Metallic  pens. 

563  G.  Roy le— Creasing  or  making  Touches. 

564  W.  Hadfield— Steam  boilers. 

565  J  W.  Friend—  Gas  meter. 
5J6  T.  Farra— Skirtings. 

567  J.  Maxfie'd — Brewing. 

568  S.  Williamson— Furnaces. 

569  D.  Colliuge — Cleaning,  steaming,  and  prepar- 
ing cotton  to  be  -pun. 

670  E,  Paine — Facilitating  the  cleaning  of  vessels' 
bottoms  while  afloat 

571  T.  E.  Symonds— Screw-propelled  ships. 

572  J.  Penu — Relief  vaves  to  the  cylinders  ot  marine 
and  other  steam  engines. 

573  J.  Courtenay — Ootaining  motive  power. 

574  E.  Hayes — Supplying  water  to  surface  con- 
deusers  of  marine  engines. 

575  S.  Bateman — Wire  rope  and  cordage. 

576  G.  Hasdtine— Sewing-  machines. 

Dated  March  2nd,  1863. 

577  O.  Murrell — Generating  steam  in  boilers  and 
other  vessels. 

578  F.  Tolhausen— Cloth  blankets. 

579  J.  W.  Barton — Refining  and  purifying  oils. 

580  A.  F.  Pa<rny — Agricultural  implement  for  cul- 
tivating tubercles,  roots,  aud  all  oil  plants. 

531  G.  Hawksley  &  T.  Bissell— l'owder  chargers. 

582  E.  Habel  &  E.  Suckow — Preparing,  spinning, 
aud  doubling  cotton. 

583  T.  Taylor — Fabric,  and  its  application  to  the 
formation  of  ornaments  for  fire  stoves. 

584  C.  Garton — Applying  heat  in  the  manufacture 
and  refining  of  sutrar,  malting,  hop  drying, 
brewing,  distilling,  and  vin-gar  making 

585  J.  S.  Wells— Stockings  and  other  looped  fabrics. 

586  W.  Clark — Prepariug  and  obtaining  photo- 
graphic impressions. 

Dated  March  3rd,  1863. 

587  T.  K.  Symonds — Steering  ships. 

5SS  T.  Emmott — Mules  for  spinning  and  doubling. 

589  R.  Saunders — Metal  sheathing  for  ships  and 
vessels. 

590  G.  P   Lyster — Mooring  buoys. 

591  R.  H.  Jones  6c  J.  Abrah all— Bracelets  and 
brooches. 

592  G.  Davies-^Polishing  sqap. 

593  J.  Henderson — Carpets. 

594  G.  Price  &  W.  Dawes— Burglar  proof  safes  and 
strong  room  doors  and  frames. 

595  J.  Sibert — Winding  and  measuring  lace. 

596  G.  Lamb — Recording  the  revolutions  of  the  pro- 
pelling shaft  of  a  steam  ship  or  vessel. 

597  T.  Erich— Pressing  pent. 

598  1).  B.  Pardons — Reaping  and  mowing- machines. 

599  B.  S.  Cohen— Protecting   the  points  of  pencils. 

600  W.  Parsons— Dining  tables. 

601  J.  Pollard — Dressing  warp  yarns  in  the  loom. 

Dated  March  4th,  1863, 

002  C,  M.  Palmer  &  J.  Mcln tyre— Applying  and 
fas  enmg  metal  sheathing  to  the  hottoms  of  iron 
ships  or  vessels. 

603  J.  F.  Gits— Furnace  for  the  revivification  of 
animal  charcoal. 

604  A.  P.  Jeune— Spring  bed  bottom, 

605  J.  de  Keyser — Prodociusra  greasy  substance. 

606  T.  H.  Morrdl  &  J  Williamson  —  Purifying 
noxious  vapours. 

607  E.  A.  Wuusch — Treating  sea  weed. 

608  P.  Adie — Measuring  angular  and  actual  dis- 
tances 

609  E.  W.  Binney — Pressure  nnd  pump  lamps. 

610  E.  W.  Binuey — Lamp  buruer. 

611  W.  ClarK — Sulphuric  ecid. 

612  W  Hamilton — Registering  suitable  for  adver- 
tisers' purposes. 

613  J.  Craig — Detecting  and  detaining  thieves,  and 
indicatiug  the  presence  of  fire. 

G14  W.  L.  Tizaid— Cu.vated  armour  plates. 

Dated  March  5th,  1863. 

615  W.  Whittle— Nails. 

616  T.,  E.,  &  R.  Thornton— Preparing  wool  for 
spinning. 

617  J.  Clinton— Flutes. 

618  W.  APeu  &  W.  Johnston— Grinding  cards  em- 
ployed in  carding  engines. 

619  R.  D.  Dwyt-r — Springs  for  beds  and  seats. 

620  E.  P.  Plenty  &  W.  Pain— Suppoi  ting  screens 
and  straw  shakers. 

621  W.  Wells— Horseshoes. 

h22  W.  Jackson  &  R.  Watkins— Steam  engines. 

623  S.  H.  Foster,  T.Bunney(&.  J.  Anderson— Looped 
fabrics. 

624  J.  Miller — Horticultural  buildings. 

625  E.  H.  Wilson— Steel. 

626  T.  W.  Osborne— Lamps. 

627  J.  Howie — Castings  of  railways. 

628  W.  Clark— Fire  arms. 

629  J.  Elsey— Winding  of  lace  on  to  the  work 
roller  in  bobbin  net  or  twist  lace  machines. 

630  C.  Clay— Chain  harrows 

631  J.  Morris  fiT.  Newton — Refrigerators 

632  W.  H,  Buckland — Producing  gas  for  illuminat- 
ing and  heating  purposes. 

Dated  March  6th,  1863. 

633  M.  Jnurdin — Engraving  by  electricity. 

634  A.  Cuthell— Self-acting  damper*  for  steam 
engine  furnaces, 

635  A.  W.  Makinson — Locomotive  aud  stationary 
engines. 

636  A.  Wilson— Easy,  lounging, and  invalid  chairs, 
seats,  or  settles. 

637  W.  E   Gedge— Steam  engines. 


638  G.  T.  Bousfield— Illuminating  gas. 

639  D.  W.  Ransom— Filing  artificial  teeth. 

640  T.  Hancock — Receptacle  for  gold,  silver,  and 
other  coins. 

641  H.  R.  Spicer— Preserving  the  bottoms  and  sides 
of  ships. 

642  T.  G.  Webb — Articles  of  pressed  glass. 

643  A.  V.Newton — Elastic  carriage  wheel. 

644  W.  E.  Newton— Metal  casks. 

Dated  March  9th,  1S63. 

645  H.  Whittles— Collecting  the  condensed  steam 
or  waste  water  from  places  where  steam  is  used 
and  returning  the  same  to  the  boiler. 

646  R.  Musliet— Treatment  nf  pig  or  cast  iron. 

647  J-  Cowley — Bricks,  pipes   tiles,  and  mouldiners. 

648  H.  A.  Bonneville— Removing  staius  from  cloth 
and  other  materials. 

649  J.  Isherwood — Working  presses  for  making  up 
yarn  in  bundles 

650  J.  Haworth — Breaks  for  omnibuses  and  other 
carriages. 

651  C.  H.  Lea— Opening  and  closing  the  gates  of 
railway  crossings. 

652  W.  lnglis — St>am  boilers  and  engines. 

653  P.  Hugon— Obtaining  and  applying  motive 
power. 

654  Sir  A.  Keller — Reeling  silk  direot  from  cocoons 
on  bobbins, 

655  W.  J.  Clapp  5c  N.  Coats— Armour  plates. 

656  J    R.  Gorst— Carriages. 

657  W.  E.  Newton — Laying  of  wooden  fluors. 

658  J.  H.  Johnson— Treatment  of  certain  fibrous 
vegetable  substances  with  a  view  to  the  production 
of  textile  materials  therefrom. 


Dated  March  11th,  1363. 

659  H.  Fletcher — Cleaning  and  preparing  cotton  for 
spinning. 

660  R.  T-  it  R  Monteith— Making  dyes  from  aniline 
and  its  analogues. 

661  F.  Cooke — Hats  or  coverings  for  the  head. 

662  R.  A.  lirooman — Voltaic  belts  and  bandages. 

663  J.  Cassell — Moderator  lamps. 

664  G.  A.  Fulton  &  J.  Clyde— Dry  gas  meters. 

665  W.  R.  Mulley^Shenthing  iron  ships,  caissons, 
nud  other  like  structures. 

666  H.  "Wilson— Shaping  wood. 

667  W.  Wood  r=-  Ornamentation  of  pomfret  or 
liquorice  cakes,  mils,  and  sucks. 

668  A.  Barclay  —  Locomotive  boring  and  winding 
engines. 

669  A.  Barclay — Traction  engines 

670  J.  Werge — Indicating  any  regulated  maximum 
or  minimum  decree  of  temperature. 

671  J.Timlinsou — Opening  twisted yarnsand  woven 
fabrics. 

672  J .  Renshaw — Dressing,  raising,  and  brushing 
silk  and  cotton  velvets,  velveteens, cords, plushes, 
and  other  frilled  fabrics. 

673  W.  Rosaetter — Back  beam  warping  machines. 

Dated  March  12, 1863. 

674  F.  Buser-Kraushaar  —  Winding,  cleaning, 
measuring,  sorr.in^,  doubling,  th. owing,  and  reel- 
ing silk. 

675  H.  D.  &  J.  W.  Taylor— Finishing  woollen, 
worsted,  and  other  fabrics. 

676  L.  Desens— Bathing  machine  adapted  for  deep 
water. 

677  W.  Clark^Breech  loading  fire-arms. 

678  E.  H.  Lomns — Action  of  charges  or  measure  for 
powder  flasks,  canisters,  or  other  vessels. 

679  J.  Polkinerhorne — Treating  tin  ores  and  matters 
containing  arsenic. 


Dated  March  13th,  1S63. 

680  H.  B.  Barlow— Looms  for  weaving. 

681  J.  Harris,  J.  Butler,  &  J.  H.  Fiaser— Rolling 
armour  and  other  plates. 

682  C.T.  &  A.  Lutwyehe— Metallic  pens. 

683  J.  Taylor— Fire  bars  and  bearers. 

684  J.  B.  M.  A.  Bourreiff—  Transferring  by  the 
means  of  typography  colours  t.nd  metals  on  sur- 
faces in  general. 

685  W.  H.Stubhe — Governors  for  mirine  and  other 
engines, 

6:6  A.  Wydler&C.  Thornton—  I'riuting  and  dyeing- 
woollen  fabrics. 
687  J.  H.  Johuson — Fastenings  for  harness. 
088  W.  Smith — Cultivating  land  and  sowing  seed. 


Dated  March  14th,  1863, 

689  W.  E.  Gedge— Plough. 

690  K.  Rudrum — Apparatus  for  registering. 
b91  W   West— VHlves. 

fe"92  J.  Page— Taps  or  vale*  s. 
693  J.  W.  McCarter— Sawing  wood. 
6ir4  J.     Tangye  —  Portable     hydraulic      punching 
machines. 

695  R.  Alexander — Mariners'  compasses. 

696  J.  C.  Richardson— Ships. 

697  W.  Young— Type  composing  and  distributing 
machines. 

698  R.  Moreland — Making  extracts  of  hops,  and 
selec'in^  or  separating  the  seeds  and  pollen  from 
lions. 

699  J.  Walworth — Cleaning  and  drying  Egyptian 
wheat,  beans,  and  other  kinds  of  grain  or  seeds 

700  W.  ltoaler — Colouring  matters  for  dyeing  and 
printing. 

Dated  March  16th,  18G3. 

701  E.  Oliver  &  G.  Myers — Lowering  and  disengag- 
ing boats  from  vessels. 

702  F.  Hoyos — St"ve  or  fire-grate  for  heating, 
cooking,  and  boiling. 

703  T.  W.  Willett— Reefing- and  furliug  square  s»ils 
of  ehii'S  and  vessels. 

704  W.  Vernon — Communicating  signals  or  intelli- 
gence to  or  from  railway  trains  or  other  similar 
conveyances,  whether  they  be  stationary  or  in 
motion. 


705  G.  P.  Beley — Discharging  pojectiles  below  the 
water  line  of  uuvig-able  vessels  and  other  struc- 
tures. 

706  T.  Powell— Chopping  b'ock  for  butchers. 

707  J.  SraethurBt — Construction  of  shipsand  vessels,, 
for  the  purpose  of  obtaining  additional  motive 
power. 

708  W.  E.  Newton — Iron  and  steal. 

709  W.  G.Eavestaff—  Pianofortes. 

Dated  March  17th,  1863. 

710  J.  H.  Brierley  &  B.  Greenwood — Cricketers* 
clasp. 

711  J.  H.  Brierley  &  B  Greenwood— Album  belt. 
71*  W.  H.Atkinson— Studs. 

713  W.  E.  Gedge — Framing  pictures  and  looking" 
glasses. 

714  W.  H.  Emett— Processes  for  facilitating  and 
combiuiug  the  art  of  writing  with  engraving 
together  on  stoue. 

715  J.  Cox— Swimming  baths. 

716  W.  E.  Newton— Cure  of  scab,  foot  rot,  an* 
other  diseases  of  sheep  and  cattle. 

"17  G.  deLaire — Brown  colouring  matters. 

718  T,  N.  Miller — Heating  horticultural  buildings. 


Dated  March  18th.  1863. 

719  W.  Symington — Roastiug  and  treating  coffee 
aud  other  oigauic  substances. 

720  W.  C.  AViLi  &  J.  H.  Raudel— Inlaying  gold 
and  other  ini'tals  in  glass,  and  a  composition 
suitable  lor  the  manufacture  of  jewellery  and 
other  ornaments. 

721  W.  Donbavand  &  D.  Crichton— Looms  for 
weaving. 

72*  J.  Roberts  Sc  R.  Nay  lor— Organs,  harmoniums, 
ami  pianofortes. 

723  K.  A   Brouman — Spoons  and  forks. 

724  F   Richmond.  H.  Chandier,  &  J.  G.  Richmond, 
—  Washing  potatoes  and  other  vegetables 

725  W.  E.  Taylor— Reeling,  winding,  warping,  aud 
beaming  yarn, 

726  H.  Kit-haw — Looms  for  weaving. 

727  B.  Wren— Cleansing  and  treatiug  certaiu  de- 
scriptions of  wheat  and  other  train. 

728  E.  I,egris— Thrashing  out  the  seed  of  flax. 

729  T.  Ohiknow— Jacquards  emplojed  in  bobbin  net 
or  twist  lace  machines. 

730  F.  Nornngton — Girths  or  bands  and  knee  caps- 
for  horses. 

731  W.  Lorherg— Treatment  of  rags. 

732  A.  Morel — Generating  carbonic  acid. 

733  J.  D.  &i  A.  P.  Weicb— Bleaching,  reducing, 
and  brightening  the  colour  or  tone  of  dyed  straw 
plaits  and  straw. 


Dated  March  19th,  1863. 

734  G.  Haseltine — Boots  and  shoes. 

735  E.  Lever — Composition  for  the  coating  and  |  re- 
servation of  canvas  and  o  her  materials  to  make 
them  water  pvoof  and  noii-mttamm,able. 

7'i(i  H.  Wilde— Steam  boilers. 

737  H.  O.  Haughton— Dryiug  and  cooling  grain 
and  seeds. 

738  J.  Saunders  &  J.  Piper — Tin  and  terne  plates. 

739  S.Ij.  Crocker—  Yellow  meu.1  sheathing  nail  or 
spike,  which  by  means  of  n  nail  cutting  tngine- 
is  cut  f  om  vellow  sheathing  m-r.,1. 

74  i  C.  Webster  aud  W.  Forgie— Clearing  out  th© 
interior  of  foul  chnnnies  or  flues  when  on  fire  or 
otherwise. 

741  G,  H.  Smith — Sewing  machines. 


Dated  March  20th,  1863. 

742  W.  Reay,  jun. — Concentric  bell  amalgam -.tor. 

743  R.  Couchman — Supporting  or  carrying  ladies' 
parasols  and  bags. 

744  A  B.  and  A.  Morton— Injecting  and  ejecting 
fluids. 

745  J.  and  T  A.  Nield— Core  barrels. 

746  R.  A.Brooman — Beating  mid  drying  ivo«l  and 
other  textile  and  filamentous  substances. 

747  V.  Houghton — Lamps  aud  lamp  wicks. 

748  G.  Wilson— Springs. 

749  G.  Coles,  J.  A.  Jaques,  aud  J.  A.  Fanshawe— 
Was!  ing  and  wringing  cloths  orfnbncs. 

750  C  Pryse  aud  D.  Kirkwood — Breech  loading" 
fire  arms. 

751  J.  Brigham  and  R.  Bickertou—  Reaping  Bud 
mowing  machines. 

762  F.  de  Wylde — Manufnc  ure  of  cemeut  from. 
gypsum. 

Dated  March  2Ut.  1863. 

753  1.  M.Evans  and  W.  T,  Griffiths— Ventilating 
mines. 

754  F.  and  A.  Roberts — Agricultural  implements. 

755  C.  de  Gioote — L*mps  with  circular  bun.eis  or 
wicks  for  the  combustion  of  petrolrum,  schist*, 
aud  other  volatile  oils. 

756  G.  A.  Biddell— Traction  engines  to  be  used  Oft 
common  roads. 

757  E  Hartley,  J.  Clegg,  and  T.  and  J.  MelUiIew 
— Looms  for  weaving. 

758  J.  M.  Hetherington — Combing  cotton  and  other 
fibrous  materials. 

759  F  Appleg\ite — Making  certain  indications  in, 
railway  carriages. 

760  F.  Anplegate^-Time  indicators. 

761  W.  Clark — Separation  or  obtaining  of  ammonia 
from  azoted  matters  in  the  preptiation  of  manure 


Dated  March  23rd,  1863. 

762  H.  Hancock — Range  for  making  gas,   cooking 
by  gas,  aud  lighting. 

763  J    W.  H.  and  E  J.  Rothwell— Heating  the  feed 
water  of  Meam  boilers. 

764  W.    Johnston  —  Appnrotus    for   lighting   and 
heating. 

765  T.  G.  Grant— Ovens. 

766  J.  Evles— Cheffuuier  bedsteads 

767  W.  Clark — Agricultural  apparatus. 
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GOOD'S  LOCOMOTIVE,  "STEIERDORF." 

coxstrccted  at  the  works  of  the  i.  it.  austria*  state  railway 
Company,  Vienna. 

(Continued  from  page  50.) 

(Illustrated  by  Plate  No.  240.) 

In  The  Artizan  of  March  we  gave  (Plate  233)  an  elevation  and  sec- 
tional plan  of  the  "  Steierdorf,"  accompanied  by  a  series  of  descriptive 
particulars  and  details  as  to  construction,  dimensions,  &c. 

In  Plate  240  with  the  present  number,  Fig.  1  is  a  longitudinal  section  taken 
through  the  barrel  of  the  boiler. 

Fig.  2,  one-half  of  a  cross  section  taken  on  the  line  A  B,  Fig.  1. 

Fig.  3,  one-half  of  a  cross  section  through  the  fire- box  on  the  line  C  D. 

Fig.  4,  one-halt  of  a  section  through  the  fourth  axle  on  the  line  E.  F. 

Fig.  5,  one-half  of  a  cross  section  through  the  cylinders,  &c,  on  the  line 
G.  II. 

In  the  following  description  we  refer  also  to  Plate  233  ;  the  same  letters 
of  reference  are  used  in  both  plates  to  denote  corresponding  parts  in  the 
several  views.  A  is  the  barrel  of  the  boiler  ;  U,  the  steam  chest,  containing 
the  steam  pipe  c  with  the  regulator  c',  and  the  safety  valve  b'  above  it;  the 
fire-box  C  is  strengthened  by  the  stays  d  and  suspension  irons  d' ;  its  lower 
fore-end  has  a  slight  obliquity  inward,  so  as  not  to  be  touched  by  the  wheels 
of  the  fourth  axle;  two  Giffard's  injectors  g  g  (Figs.  2  and  3,  Plate  240)  arc 
used  as  feed  pumps  ;  U  is  the  smoke  chamber  enclosing  the  inlet  and 
exhaust  pipes  c  and  h,  and  the  variable  blast  pipe  h' ;  a  funnel  I)'  is  fitted 
to  the  bottom  of  the  smoke-box,  to  allow  of  the  removal  of  any  cinders 
which  may  enter  through  the  tubes.  This  operation  is  performed  by  means 
of  a  valve  opened  from  outside.  The  main  frame  F  rests  outside  the  wheels, 
on  the  three  forward  axles  G  (G  being  the  driving  axle)  G'  G",  and 
supports  the  steam  cylinders  and  moving  parts,  together  with  the  fore  part 
of  the  boiler;  it  is  strengthened  by  means  of  longitudinal  and  cross  plates 
Z  Z,  anil  by  angle  irons.  The  three  forward  axles  each  support  a  pair  of 
driving  wheels;  they  are  supported  by  bearings  in  the  frame  F;  the 
wheels  are  cast  iron,  and  furnished  with  cast  steel  tyres,  the  counterweights 
being  cast  with  the  discs;  k  k  are  the  springs  connecting  the  main  frame 
with  the  axles.  II  is  the  second  or  after  frame,  and  rests  upon  the  axles 
J  J  ;  it  carries  part  of  the  barrel,  and  the  tank  for  water  and  fuel.  The 
width  of  this  frame  is  suflieierit  to  allow  of  the  bearingi  f">  the  snpport  of 
the  supplementary  axle  L;  the  hearings  for  the  axles  J  and  .1' are  also 
formed  within  the  lower  portion  of  this  framing.  h  k  are  the  springs  con- 
necting the  bearings  with  the  after  framing  II.  o  is  the  pivot  bolt,  and// 
the  cylindrical  socket.  I  I,  &c.,  are  the  struts  fixed  on  the  engine  framing, 
and  forming  a  support  to  the  barrel  of  the  boiler.  K  K  are  the  steam 
cylinders  (which,  as  will  be  seen,  are  outside  the  framing)  ;  />  the  slide 
valves,  and  //  the  eccentrics.  />"  the  expansion  link  suspended  on  the  frame 
by  means  of  an  oscillating  rod  ;  p"'  are  the  slide  rods  suspended  to  the 
rods  p""  •  ,-  ,-  are  the  connecting  rods  actuating  the  cranks  q,  which  arc 
fixed  on  the  axles  according  to  Hall's  method  ;  '/  7'  are  the  coupling  rods, 
and  s  *'  t  V  parts  of  the  coupling  gear  connecting  the  axles  of  the  engine 
frame  with  those  of  the  tender,  through  the  supplementary  axle  L. 

The  steam  break  fitted  to  the  "Steierdorf"  consists  of  two  vertical 
steam  cylinders,  u  u'  (Fig.  2,  Plate  233,  and  Fig.  1,  Plate  2U)),  placed 
perpendicularly  to  the  engine  below  the  boiler,  so  as  to  be  acted  upon  at 
pleasure  by  the  driver.  When  the  steam  is  admitted  into  these  cylinders, 
the  levers  X  X  (showflkin  dotted  lines)  are  actuated,  and  the  brake  block-, 
to  »i,  press  upon  the  wheels  (1  (i.  When  the  steam  is  hi  out,  the  whole 
of   the  mechanism    recovers   its  former  position    by  its   own  weight.     The 

break  blocks  and  levers  on  each  side  of  the  engine  are  c  innfl  '  l  by  means 
of  the  shafts  V  V.  The  effect  of  the  break  can  be  Increased  by  a  counter- 
pressure  from  M,  the  exhaust  valve  in  the  smoke  chamber,  which  can  b 
readily  operated  by  the  driver,  (This  contrivance  was  made  by  llerr  Zeb, 
of  the  Elisabeth  Westbahn,  to  allow  of  admitting  steam  Into  the  cylinders 
even  when  descending  long  gradients,  and  prevent  at  the  same  time  the 
wear  of  the  pistons  by  working  without  itno.)     N  N  are  the  water  I  ml  . 

<l  i.l  the  n jitacle  for  coals,  and  »  the  toolbox   OH  (he  tender.     B 

platform  for  the  driver,  S  that  for  the  stoker. 


The  reason  for  connecting  the  whole  of  the  five  pairs  of  wheels  of  this 
locomotive  has  been  explained  in  our  March  number. 

It  had  been  deemed  impracticable  to  have  the  five  axles  on  the  same 
frame,  on  account  of  the  small  radius  of  the  curves  to  be  traversed.  The 
arrangement  shown  in  the  woodcut,  Fig.  1,  page  98,  was,  therefore,  made 
in  order  to  enable  the  two  frames  to  have  a  motion  independent  of  each 
other. 

Thus  in  Fig.  2,  supposing  a  to  be  the  line  of  the  centres  of  the  wheels 
of  the  engine  frame. 

b  ditto  of  the  tender  frame. 

o  m  =  x  the  distance  of  the  pivoting  point  o  from  the  axle  of  the 
engine  frame  next  to  it. 

o  w  =  y  the  distance  of  same  from  first  axle  of  tender  frame. 

c  =  x  +  y,  the  distance  of  the  last  axle  of  engine  frame  from  the  first 
of  the  tender  frame. 

The  position  of  the  point  o  having  to  be  fixed  so  that  both  a  and  b 
remain  steadily  chords  of  the  arc  of  circle,  whenever  the  two  frames  turn 
round  o,  we  get  the  following  equations. 


x  .  y  ::  b  +  y  : 

x  +  y  =  c 

_       c(b  +  c) 


a  +  b  + 


y  —  — 


c  (a  +  e) 


a  +  b  +  2  e 


For  the  "  Steierdorf,"  a  =  b  ;  therefore, 


A  four-wheeled  carriage  running  alone  when  traversing  a  curve  will 
endeavour  to  take  the  direction  shown  in  Pig.  3,  when  the  plane  of  the 
back  wheels  will  form  an  angle  with  the  tangent  to  the  enrve.  The  re- 
sistance to  the  motion  of  the  wheels  in  a  curve  is  due  chiefly  to  the  amount 
of  the  angle  a  and  the  sliding  of  tin'  surface  of  the  wheels  against  the  rails. 
This  resistance  will  be  met  with   also  in  the  arrangement.  Pig',   1  :   in  six- 

wheeled  carriages,  ami  when  several  carriages  are  connected  together  by 

means  of  a  movable  link,  as  shown.  The  result  will,  however,  he  quite 
different  if  the  coupling,  Pig.  •">,  is  used,  for  in  this  case  the  live  axles 
will  take  up  such  a  position  that  the  exterior  wheels  can  run  on  their 
largest,  and  the  interior  ones  on  their  smallest  diameters.  Hv  this  means 
the  angle  a  will  !»•  reduced  to  a  minimum,  and  the  slipping  of  the 
wheels  will  be  nearly  prevented.  The  trials  t.,  which  the  "Steierdorf" 
have  been  subjected  have  proved  very  much  in  favour  of  this 
arrangement. 

The  coupling  of  the  locomotive  axles  with  tin*  tender  axleewai 
contemplated  at  the  time  of  the  construction  of  the  Summering  railway, 
(which  combine-  very  sharp  curves  with  a  gradient  "f  1  :  10).  Ibis  prin- 
ciple was  first  successfully  earned  oul  by  ilcrr  von  Kugerlh.  who  con- 
nected the  engine  and  tendei  s  1>_\  a  s,  •  .  rhis  method,  ho* 
ha viie,.-  proved  I oo delicate,  (lie  ((earingi  requiring  t  o  much  time  and  atten- 
tion, B  Hanoverian  I  n.'iii.  r,  lien  Kirehue_-rr.  proposed  the  Scheme  illu-. 
i  in  Pig.  6.    In  this  view.  A  is  the  tender  frame.  l!  the  engine  frame,  both 

furnished  with  the  usual  draw  bars,  C  is  the  upper  frame,  and  Includes  both 
engine  and  tender.  l»  is  a  Ruse  or  supplementary  Ion  the  frame  c. 
■o  thai  both  its  ends  can  he  rai-ed  and  lowered  Independent!]  of  each 
other  and  of  the  frame  C.  This  raising  and  lowering  of  the  shaft  i>  is 
effected  through  wedges  fitted  on  •'.  and  acted  opou  bj  mechanism  titled  on 
the  Are-box  and  tender-frame.  The  i  I  i<"  bi  irlngsofthe 
axle-  stand*  with  the  bearings  of  the  inppli  ■  '..-■,  if  a  are  the 
coupling  rods  between  the  cranks  of  tit  •  tad  tandthefhl i  sup- 

plementary axle      lo  this  contrivance  the  dista  i  tie  i,.  irlngi 

in  n  »ili  always  he  the  same,  an  I  the  power  can  always  he  transmitted  by 
means  of  the  drawbars.    In  traversing  curvi  I)  will  rise  on  one  side 

ami  descend  on  the  other  through  the  Increase  of  the  distance  of  the  axles 
m  a.  Hut  it  has  been  lound  that  the  complication  of  the  mechanism,  and 
its  liability  t"  frcquenl  derangement,  mil,.  ir practical  pnrp 

The  arrangement  proposed  by  Herr  Lippcrt,  in  1854,  U  based  on  the  same 
principles  as  Kircl  I  >e  supplementary  axle,  however,  belngsuppri 

entirely,     i  in  tarnished  wtth  double  cranks  •  e,  the 
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intermediate  shaft  is  replaced  by  the  double  crank  a,  while  the  rods  dd  , 
e  e'  connecting  b  and  c  with  a,  are  substituted  for  Kirchweger  s  coupling 
rod  The  realisation  of  this  arrangement,  however,  proved  qmte  as  im- 
practicable as  the  first  named,  although  the  principle  it  was  based  upon  is 
unobjectionable. 

In  the  "  Steierdorf "  the  coupling  has  been  effected  upon  a  plan,  the 
credit  of  the  origination  of  which  is  due  to  Herr  Fink,  an  engineer  of  the 
Austrian  State  Railway  Companv.  This  is  illustrated  by  the  accompanying 
wood  cuts  (Figs.  8  to  12),  and  also  in  Plate  240  herewith. 


Fig.  11. 


.12. 


A  is  the  first  axle  of  the  tender  frame,  to  be  connected  with  B  the  last 
axle  of  the  engine  frame.     Q  pivot  bolt  joining  the  two  frames.     C  is  the 
supplementary  axle  working  in  the  bearings  S  upon  the  stays  P,  supported 
upon  the  axle  A  by  means  of  the  bearings  T.     The  journals  working  in 
the  bearings  S  and  T  are  spherical,  and  allow  the  two  axles  A  and  C  to 
alter  their  position  relatively  to  each  other.     The  bearings  S  and  T  are 
connected  together  by  the  rods  F  F ;  the  extremities  of  the  latter  are  con- 
nected with  the  bearings  through  the  spherical  bolt  r  s,  so  as  to  enable 
their  position  to  be  altered  with  respect  to  the  axle  of  the  engine  frame. 
The  supplementary  axle  is  always  kept  horizontal  in  traversing  curves, 
by  means  of  the  rods  F  and  the  stays  P,  the  coupling  of  both  frames  being 
such,  that  when  traversing  a  curve,  one  extremity  of  the  axle  A  is  brought 
nearer  the  axle  B ;  the  other  extremity  is  removed  from  it  to  the  same 
distance.     The  supplementary  axle,  however,  being  held  at  an  equal  dis- 
tance from  the  axle  B  at  both  ends,  through  the  intervention  of  the  rods, 
F,  the  two  extremities  of  the  supplementary  axle  will  have  to  move  in 
opposite  directions  to  the  axle  of  the  tender  frame,  but  in  each  direction 
to  an  equal  extent,  carrying   with  them  the  stays  P.     When  traversing 
a  curve,  .therefore,  the  upper  bearings  of  the   oscillating   stays    P   will 
each  describe  a  curve  of  equal    extent,  but  in  opposite  directions,  and 
each  of  them  will  always  descend  to  an  equal  extent,  the  supplementary 
axle  C,  thus  always  remaining  horizontal,     v  is  a  segmental  guide  for  the 
vertical  bearer  P,  fastened  to  the  tender  frame  e  (Figs.  11  and  12).     In 
this  guide  the  bearer  P  moves  in  such  a  manner,  that  while  it  revolves 
round  the  centre  q  of  the  lower  bearing  (Fig  10),  the  centre  p  of  the  upper 
bearing  S  of  the  supplementary  axle  describes  a  horizontal  arc  of  a  circle 
t  v  round  the  centre  w  of  the  axle  C.     The  surface  of  the  parallel  slide  v 
is,  therefore,  conical,  or  approximately  a  cylindrical  surface,  the  horizontal 
section  of  which  has  wn  for  its  centre ;  the  latter  point  is  the  intersection 
of  the  lines  w  q  and  a  horizontal  line  drawn  from  v.     K  is  an  oblique 
coupling  rod  connecting  the  cranks  of  the  axles  B  and  C  by  means  of 
spherical  bearings,  so  as  to  admit  of  a  lateral  motion  against  the  engine 
frame ;  the  coupling  rod  L,  joining  the  tender  axle  A  to  the  supplementary 
axle  is  likewise  furnished  with  spherical  bearings. 

The  chief  property  of  this  arrangement  is  that  the  motion  of  the 
supplementary  axle  depends  exclusively  on  the  shafts  which  have  to  be 
joined;  it,  therefore,  requires  no  particular  mechanism  which  would  involve 
a  connection  of  the  supplementary  axle  with  either  engine  frame  or  boiler. 
This  will  be  more  clearly  shown  by  the  calculations  upon  which  the 
arrangement  of  this  coupling  is  based,  and  which  we  purpose  giving  in 
our  next  number. 


A    CRITICAL    AND    HISTORICAL    REVIEW   OF    LOCOMOTIVE 

ENGINEERING. 

By  J.  J.  Bieckei.. 

{Illustrated  by  Plate  241.) 

(  Continued  from  page  74.) 

The  Cabbiage. 
The  points  to  be  watched  in  the  construction  of  the  carriage  proper,  and 
in  the  general  arrangement  of  the  engine,  considered  as  a  carriage,  are  the 
following,  viz. . — 

1  Stability  upon  the  rails. 

2\  Sufficiency  of  weight  for  the  purposes  of  traction. 
3  Transmission  of  the  tractional  power  of  the  engine  in  the  most  direct 
manner  possible  from  the  driving  axle  to  the  train. 

Now  the  causes  which  affect  the  stability  of  the  engine  are  of  two  kinds, 
first,  the  position  of  the  wheels  underneath  the  machine,  and  the  distribu- 
tion of  the  load  upon  them  ;  secondly,  the  disturbing  element  of  the  parts 
of  machinery  in  motion,  in  connection  with  which  may  be  mentioned  the 
state  of  repair  of  the  vehicle. 

The  earlier  engines  were  supported  upon  four  wheels  only,  placed  between 
the  fire  box  and  the  smoke  box,  and,  as  the  barrel  was  invariably  short, 
seldom  exceeding  nine  feet,  the  w^heel  base  was  necessarily  very  short  also, 
and  the  overhanging  load  of  the  firebox  behind  the  driving  wheel  acted  as 
a  balance  weight  against  the  load  upon  the  leading  wheels,  and  when  the 
engine  was  in  motion  it  occasioned  an  oscillation  round  the  centre  of  the 
driving  axle  known  as  the  pitching  motion,  the  result  of  which  was  to  lift 
the  engine  from  the  rails  in  front,  and  to  cause  it  to  leave  the  track.  It 
is  a  remarkable  fact  that  Mr.  Bury  was  the  first  to  build  an  engine  carried 
upon  six  wheels,  as  early  as  1830,  but,  as  the  engine  so  constructed  was  too 
heavy  for  the  rails  then  in  use,  it  was  condemned,  and  Mr.  Bury  continued 
to  be,  to  the  end  of  his  career  as  a  locomotive  engineer,  an  unyielding  sup- 
porter of  the  four-wlieeled  engine.  Soon  after  this  first  experiment,  how- 
ever, it  was  found  indispensable  to  put  a  third  pair  of  wheels  behind  the 
firebox,  to  ensure  the  steadiness  of  the  engine  upon  the  rails,  the  weight  of 
the  latter  being  increased  to  meet  the  requirements  of  higher  speeds  and 
of  greater  weight  of  engines,  which  were  gradually  and  of  necessity  being 
introduced.  Four-wheeled  engines  are  now  seldom  made  for  the  ordinary 
purposes  of  railway  traffic,  though  many  of  the  class  known  as  Bury's 
engines  may  still  be  found  doing  very  useful  duty  upon  our  English  lines  of 
railway. 

The  duty  of  the  front  wheels  being  to  guide  the  engine  laterally  upon 
the  track,  the  nearer  they  are  placed  to  the  front  end  of  the  engine,  or  the 
less  overhanging  weight  there  is  upon  the  guiding  centre,  the  easier 
will  be  the  work  of  leading  the  engine.  It  is  the  duty  of  the  trailing 
wheels  to  prevent  the  pitching  motion  previously  spoken  of,  a  duty  which 
they  will  perform  more  effectually  the  more  they  are  kept  backward,  and 
thus  we  find  that  one  of  the  means  of  ensuring  the  steadiness  of  the  en- 
gine is  to  provide  a  long  wheel  base.  To  this,  however,  there  is  un- 
doubtedly a  limit  imposed  by  the  unavoidable  necessity  of  running  round 
curves,  and  to  define  that  limit  is  a  question  that  can  be  solved  by  experience 
alone.  Stephenson,  in  his  evidence  before  the  guage  commissioners, 
stated  that  "  the  wheel  base  varies  between  10ft.  and  13ft.  9in.,  but  the 
latter  is  too  long."  Since  then,  however,  express  engines  have  been  built 
with  a  wheel  base  of  18ft.,  and  taken  on  an  average,  the  wheel  base  of 
modern  engines  for  ordinary  traffic  is  about  15ft.  With  respect  to  the 
distribution  of  the  weight,  it  should  be  such  that  the  load  on  the  leading 
wheels  be  sufficient  to  keep  the  engine  well  to  the  rails,  and  that  in  un- 
coupled engines  there  be  sufficient  load  upon  the  driving  wheels  for  the 
purposes  of  traction ;  these  are  the  leading  considerations  which  should 
influence  the  general  arrrangement  of  the  wheel  base ;  independently  of 
them  however,  there  are  various  causes  arising  from  certain  necessities  of 
constructive  detail,  such  as  the  length  of  the  connecting  rod,  the  adapta- 
tion of  springs,  &c,  which  greatly  influence  the  position  of  the  wheels,- 
and  consequently  the  distribution  of  the  weight  upon  them.  To  make 
ourselves  acquainted  with  the  best  arrangements  to  be  adopted,  we  think 
that  we  cannot  do  better  than  to  refer  to  actual  practice  which  at  this 
time  must  embody  the  experience  of  the  last  thirty  years,  and  for  the 
illustration  of  this  portion  of  our  subject,  we  have  produced  a  series  of  dia- 
grams (plate  241),  illustrating  various  types  of  locomotives,  with  the  distribu- 
tion of  the  load  upon  each  pair  of  wheels  as  taken  from  the  practice  of  Messrs. 
Sinclair,  Ramsbottom,  Sharp,  and  others,  and  from  an  inspection  of  these 
it  must  be  perceived  that  there  is  a  strong  tendency  to  keep  the  wheel  base 
down  to  about  15ft.,  and  to  have  a  load  of  about  9J-  tons  upon  the  leading 
wheels. 

The  parts  of  the  machinery  in  motion,  namely,  the  crank,  the  connec- 
ting rod,  the  crosshead,  the  piston  and  the  piston-rod,  when  unbalanced, 
give  rise  to  a  horizontal  fore  and  aft  motion,  and  inasmuch  as  their  action 
is  not  in  the  longitudinal  plane  passing  through  the  centre  of  gravity  of 
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the  engine,  they  give  rise  also  to  a  horizontal  lateral  displacement,  which 
manifests  itself  in  a  horizontal  sinuous  motion  of  the  engine,  during  its 
progress  upon  the  rails.  The  unbalanced  portion  of  the  crank,  and  so 
nracb  of  the  weight  of  the  connecting  rod  as  rests  upon  the  crank,  have  a 
tendency  also,  through  the  centrifugal  force  generated  by  their  rotary 
movement,  to  lift  the  engine  from  the  rails,  and  momentarily  to  reduce  its 
tractive  force  through  reduction  of  adhesion,  but  with  the  heavy  engines 
now  invariably  built,  this  tendency  is  too  trifling  in  its  amount  to  affect 
the  stability  of  the  engine  ;  far  more  important  is  the  vertical  component 
of  the  steam  pressure,  arising  from  the  obliquity  of  the  connecting  rod, 
which  cannot  be  balanced,  and  the  upward  action  of  which  is  only  slightly 
mitigated  by  the  interposition  of  the  springs.  It  is  stated  by  Mr.  Clark 
that  Messrs.  Sharp  and  Roberts  were  the  first  to  apply  weights  to  the 
driving  wheels  of  their  engines  towards  the  year  1837,  with  a  view 
especially  to  balancing  the  centrifugal  action  of  the  revolving  masses  ;  and 
that  Mr.  Femihough  was  the  first,  in  1845,  to  point  out  the  desirability  of 
balancing  not  only  the  revolving  masses  but  the  whole  of  the  horizontally 
reciprocating  masses,  in  order  to  avoid  the  fore  and  aft  motion  and  the 
sinuous  motion  to  which  they  give  rise;  it  appears,  however,  that  to  Mr. 
Nolkru,  of  the  Holstein  Railway,  and  to  the  late  Mr.  Polonceau,  of  the 
Orleans  Railway,  is  due  the  exact  theory  of  balancing  locomotives,  which 
we  are  now  about  to  develope  to  our  readers. 
In  the  adjoining  sketch,  shewing    in  plan  a  pair  of  driving  wheels 
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with  the  crank  axle  and  the  cylinders  connected  with,  them,  let  L  be  the 
distance  oK  the  wheels,  or  rather  the  gauge  of  the  rails,  I  that  of  the 
centres  of  the  cylinders  which  are  supposed  to  be  placed  inside,  and  P  the 
total  weight  of  the  horizontally  reciprocating  masses  belonging  to  one 
cylinder,  including  the  sweep  of  the  crank  reduced  to  its  value  at  the 
radios  of  the  crank  ;  the  intensity  of  action  of  that  weight  upon  each 
wheel  is  as  the  inverse  ratio  of  the  distance  of  its  centre  of  motion  to 
those  wheels,  and  if  w\  and  wj  represent  the  weights  at  the  radius  of  the 
crank,  which,  at  each  wheel,  would  be  required  to  produce  equilibrium, 
the  condition  of  equilibrium  is  expressed  by  the  following  equation, 
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A  second  condition  of  equilibrium  is  that  the  sum  of  the  balanco  weights 
at  the  radius  of  the  crank  be  equal  to  the  disturbing  weight,  which  sym- 
bolically reads  thus  : — 

tC[     +    1C;    =    P 

whence  by  a  very  simple  algebraic  transformation  we  obtain, 
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and 
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wliicli  wrists  are  to  be  respectively  equal  for  both  cylinders,  since  the  dis- 
turbing masses  are  equal  j  if  now,  in  the  adjoining  figure  2,  the  line  o  c 
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\<c  made  to  represent  the  weight  Wi  required  for  the  crank  on  the.  off  aide 
of  the  engine,  and  o  d  the  W,  required  fox  the  crank  on  the  near  lide,  the 


diagonal  o x  of  the  parallelogram  constructed  upon  these  two  lines  repre- 
sents in  magnitude,  and  in  direction  the  weight  w  required  at  the  radius 
of  the  crank  to  produce  the  effect  of  the  two  weights  W\  and  Wa  arith- 
metically the  same  may  be  determined  thus  : — • 


*/  wi  +  wa 


But  as  its  position  must,  still  be  determined  by  actual  delineation,  the 
arithmetical  method  of  defining  its  amount  need  never  be  resorted  to. 
When  once  the  weight  w  at  the  radius  of  the  crank  is  found,  it  is  an  easy 
matter  to  arrive  at  the  weight  actually  required  at  the  usual  distance  from 
the  centre  near  the  rim  of  the  wheel,  and  in  general  the  relative  position 
of  both  counterweights  in  one  view  will  be  found  somewhat  similar  to  that 
shown  in  the  sketch  (fig.  3).  When  there  is  a  coupling  rod  placed  oppo- 
site the  inner  crank,  its  weight  and  that  of  the  unbalanced  portion  of  the 
wheel  boss  reduced  to  its  value  at  the  radius  of  the  crank,  may  at  once  be 
subtracted  from  the  weight  Wi,  and  the  operation  afterwards  proceeded  with 
as  in  the  mauner  above  indicated.  The  problem  of  balancing  outside 
cylinder  engines  may  be  solved  in  a  similar  manner,  and  if  done  so,  it  will 
be  found  that  the  balance  blocks,  as  seen  in  one  view  instead  of  leaning 
towards  each  other  from  the  far  crank  boss,  lean  from  each  other  towards 

the  far  crank  boss  as  in  sketch  (Pig. 

Flc  .  4 .  , 4),  in  practice,  however,  it  will  not 

be  found  necessary  to  take  into  ac- 
count the  greater  distance  of  the 
cylinders  than  of  the  wheels,  the 
difference  being  generally  very 
small,  but  it  will  be  sufficient  to 
apply  exactly  opposite  the  crank 
boss  a  counterweight  capable  of 
balancing  the  reciprocating  masses 
at  the  crank  pin. 

The  method  of  balancing  locomo- 
tives with  a  view  especially  to  avoid 
the  horizontal  sinuous  motion  leads 
to  the  application  of  a  weight  con- 
siderably too  heavy  for  the  revolving 
masses  proper,  and  on  that  account  some  German  authorities  recommend 
to  take  an  arithmetical  mean  between  the  weights  as  calculated  for  the  case 
above  considered,  and  for  the  centrifugal  action  only ;  this  halfway  mea 
sure,  however,  does  not  seem  to  us  to  have  any  claim  to  preference,  espe- 
cially when  it  is  remembered  that  the  vertically  disturbing  cause  applied 
as  above  stated,  is  of  no  account.  The  method  which  we  have  given  is 
that  also  recommended  by  Dr.  Rankine  in  his  work  on  prime  movers. 

At  this  stage  of  our  inquiry,  seeing  that  we  have  had  occasion  to  speak 
of  inside  and  outside  cylinder  engines,  it  may  be  proper  to  inquire  into 
the  several  causes  militating  in  favour  of,  and  against  the  adoption  of 
either  classs  of  engines,  and  these  may  bo  briefly  stated  as  follows  : — 

The  position  of  the  cylinders  between  the  frames  has  the  disadvantage 
already  mentioned,  ot  leaving  but  a  very  limited  space  for  the  valve  gear- 
ing in  the  case  of  cylinders  of  large  diameter,  and  in  the  case  of  engines 
with  very  large  driving  wheels,  the  necessity  of  providing  room  tor  the 
sweeps  of  the  cianks  and  for  the  connecting  rods  raises  the  boiler,  and, 
consequently,  the  centre  of  gravity  of  the  whole  machine  to  a  height  very 
injurious  to  the  stability  of  the  engine;  in  the  earlier  days  of  engineering 
also,  when  the  tools  and  appliances  for  making  crank  axles  wore  compara- 
tively imperfect,  that  part  of  the  carriage  funned  a  very  expensive  item 
in  its  construction,  and,  as  breakages  were  very  frequent,  Hie  presence  of 
the  crank  axle  was  considered  to  bo  a  capital  evil.  In  our  days,  however, 
the  making  of  a  crank  axle  is  almost  as  simple  n  piece  of  work  as  the 
making  of  a  straight  axle,  and  since,  owing  to  its  improved  construction, 
breakages  occur  less  frequently,  this  no  longer  forms  an  objeotion  against 

the  inside  cylinder  engine.  On  the  other  hand,  and  as  a  Bet-off  to  these 
objections,  the  inside  cylinder  engine,  through  having  the  cylinders  incased 
in  the  hot  smoke  l»>\  lias  the  advantage  of  being  comparatively  free  from 

the  loss  of  useful  effect  caused  by  coi.densat  ion  of  tile  -team,  and  since    at 
the  same  time  the  reciprocating  masses  lie  nearer  the  centre    of  motion    of 
the  engine,  in  a  proportionately  less  degree  do  they   tend   to   disturb  its 
tteadini 
The  outside  cylinder  engine  obviates  all  the  defeots,  above  enumerated, 

appertaining  to  inside  cylinder  engines.     It  affords  ample  r for  the 

valvegear.it  allows  the  centre  a  to  be  kept  as  low   as  posible, 

and  the  expense  of  renewing  orank  axles  1«  avoided,  it  is  questionable 
however,  whether  these  advantages  can  compensate  for  the  Ion  of  power 
caused  by  the  condensation  of  tbi    beam  iu  the  cylinders  through  their 

partial  exposure  to  the  i iii  sphere,  The  diagram  (1 

reproduced  from  Mr.  dark',  work,  where  this  question  u 
very  minute)}  entered  Into,  and  taken  from  an  engine  whose  cylin 
had  been  allowed  to  cool  down,  illustrates  in  the  first  place  the  acta  J  Ion 
ver,  through  Ion  of  pressure  during  the  working  peri  tted 
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lines  showing  what  the  diagram  would  have  been  had  there  been  no  con- 
densation This,  however,  is  by  no  means  the  worst  feature  of  the  case, 
for  it  has  been  well  shown  by  Mr.  Clark  that,  during  expansion  a  portion 
of  the  condensed  steam  evaporates  again,  a  circumstance  which,  at  first 
sight  seems  to  mitigate  the  evil  just  pointed  out;  that  evaporation, 
however,  continues  also  during  the  period  of  exhaust,  and  is  productive 
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of  an  amount  of  back  pressure  which  is  so  much  the  more  injurious  as^  it 
pervades  the  whole  of  the  return  stroke.  The  effect  of  condensation 
upon  back  pressure  is  conspicuously  illustrated  by  the  annexed  diagram 
(Fig.  6),  where  the  full  lines  show  a  diagram  taken  from  a  cylinder  which 
had  been  allowed  to  cool  down,  and  the  dotted  lines  are  taking  from  the 
same  cylinder  well  heated  and  woi  king  at  shorter  expansion ;  placed  in 
juxtaposition  with  each  other,  the  illustrations  (Figs.  5  and  6),  are  calcu- 
lated to  give  the  reader  an  adequate  idea  of  the  loss  of  power  which  may 
be  occasioned  by  condensation,  and  of  the  importance  of  having  the 
cylinder  well  protected,  and  though  the  cases  illustrated  are,  perhaps, 
extreme  ones,  the  reader  may  easily  form  for  himself  an  idea  as  to  the 
respective  merits  of  either  system  on  the  score  of  economy  of  steam. 

Formerly  also  when  the  theory  of  balancing  engines  was  not  properly 
understood,  the  disturbing  effect  of  the  reciprocating  masses,  formed  the 
ground  of  great  objections  against  the  outside  cylinder  engine  which  now, 
however,  no  longer  exists.  As  to  the  question  of  wear  and  tear  it  is 
argued  that  the  outside  cylinder  engine  does  not  wear  so  well ;  that  it 
knocks  itself  to  pieces  sooner  than  the  inside  cylinder  engine,  and  certain 
it  is  that  the  frame  connnections  at  the  smoke  box  end  require  to  be  very 
strong  and  stiff  to  enable  the  frames  to  resist  the  great  side  strains  thrown 
upon  them ;  on  that  account  also  is  it  really  more  expensive  in  its  first 
cost  than  the  inside  cylinder  engine. 

Among  locomotive  engineers  opinions  are  pretty  equally  divided  as  to 
the  predominancy  of  the  merits  of  either  system.  Thus  we  find  that 
Sinclair,  Allan,  and,  we  believe,  Beattie,  adhere  to  the  outside  cylinder 
engine  ;  whereas  Stephenson,  Sharp  and  Fairbairn,  wherever  they  have 
been  allowed  to  carry  out  their  own  intentions,  have  decidedly  adhered  to 
the  inside  cylinder  engine.  Mr.  Kamsbottom  puts  the  cylinders  inside  in 
all  his  luggage  engines,  and  in  his  ordinary  passenger  engines;  but  in  the 
express  engines,  with  7ft.  Gin.  wheels,  he  puts  them  outside,  evidently  with 
a  view  to  keeping  the  centre  of  gravity  as  low  as  possible.  That  in  the 
case  of  express  engines  considerations  of  economy  should  yield  to  consider- 
ations of  stability,  and,  [therefore,  of  safety,  seems  to  us  to  be  sound 
engineering  doctrine,  which  we  should  decidedly  imitate,  and  which  we 
cannot  but  recommend. 

(To  be  continued). 


These  lines  are  derived  from  the  conic  sections,  where  they  are  curves  of 
the  second  order,  but  herein  we  will  employ  them  to  any  order  whatever. 

The  ordinary  formula  for  a  parabola  is  y  =  ^/  px,  in  which  y  =  ordinate, 
x  =  abscissa,  and  p  =  parameter  ;  the  letter  n  =  2  in  the  conic  parabola ; 
it  is  called  the  exponent,  and  denotes  the  order  of  the  curve.  By  assuming 
different  values  on  the  exponent  n,  different  forms  of  parabolas  are 
obtained.  When  n  =  0  the  parabola  will  be  the  two  sides  forming  the 
right  angle  in  a  triangle  ;  when  n  =  1  the  parabola  will  be  the  hypothe- 
nuse  in  a  right-angled  triangle ;  when  »t  =  2  it  will  be  the  true  parabola 
in  the  conic  sections ;  and  when  n  =  go  the  parabola  will  again  become 
the  two  sides  forming  the  right  angle  in  a  triangle.  The  circle,  ellipse, 
and  hyperbola  follow  the  same  law,  which  enables  us  to  form  theoretically 
any  line  in  the  hull  of  a  ship. 

Referring  to  figs.  1  and  2,  page  104,  represent  parabolas  of  different 
orders  from  2  to  10,  the  vertex  being  at  o,  x  =  abscissa,  and  y  =  ordinate. 
Figure  1  shows  load  water-lines  of  vessels  of  different  sharpness,  of  which 
the  inner  one  is  considered  the  sharpest  form  a  vessel  can  have,  being  a 
conic  parabola  with  the  exponent  n  =  2.  The  higher  the  exponent  is, 
the  fuller  will  the  lines  be.  Figure  2  represents  cross-sections  of  vessels; 
the  inner  line  is  a  conic  parabola,  and  the  others  of  higher  order,  same,  as 
in  fig.  1.  The  order  of  the  liues  are  marked  on  the  drawing.  The  shading 
between  every  other  line  is  to  make  it  more  distinct  when  selecting  a 
desired  sharpness.  The  water-lines  and  the  cross-sections  are  precisely  the 
same  kind  of  lines ;  both  can  be  laid  down  by  the  same  ordinates. 

Letters  denote, 

D  =  displacement  of  the  vessel  in  cubic  feet. 

T  =  displacement  in  tons  of  salt  water  of  35  cubic  feet  to  the  ton. 

Q  =  area  of  the  greatest  immersed  cross-section  in  square  feet. 

q  =  area  of  any  ordinate  cross-section  between  Q  and  the  stem  or  stern. 

L  =  length  of  the  vessel  in  the  load-line. 

I    =  length  from  Q  to  where  the  parabola  meets  the  centre  line. 

V  —  the  whole  length  from  Q  to  the  stem  or  stern,  including  the  hollow  lines. 

Z  =  measure  of  the  hollow  lines. 

B  =  breadth  of  beam  in  the  load-line. 

b  —  half  the  beam  B, 

d  =  load  draft  of  water,  omitting  the  depth  of  keel. 

8  =  any  draft  of  water  corresponding  with  the  displacement  t. 

t    =  displacement  in  tons  at  the  draft  S 

e    =  depth  of  centre  of  gravity  of  the  displacement,  under  the  water-line. 

X  =  abscissa,  y  =  ordinate. 

All  linear  dimensions  are  in  feet. 
n  —  exponent  for  the  parabola  in  the  load  water-line. 
n'  =  exponent  for  the  parabolas  ill  the  cross-section  Q. 
n"—  exponent  for  the  areas  of  the  ordinate  cross-sections  q. 
r   =  index  for  displacement  at  different  drafts. 
a   =  area  of  load  water-line  in  square  feet, 
jfc  =  co-efficient  for  speed  and  horse  power. 
M  =  nautical  miles  or  knots  per  hour. 
H  =  horse  power  required  for  the  speed  M. 
A  =  area  of  the  hull  of  the  boat  in  square  feet. 
a'  —  area  of  the  upper  deck,  or  any  horizontal  section  of  the  hull  at  d'  feet 

from  the  keel. 
d'  =  depth  from  a'  to  the  keel. 

Q'=  area  of  the  greatest  cross-section  from  the  keel  to  a',  or  the  depth  d'. 
e'  =  depth  of  the  centre  of  gravity  of  the  hull  from  the  top  of  d',  supposing 

the  hull  to  be  of  uniform  thickness. 
a  and  e,  see  fig.  1. 
m  —  height  of  metacentre  above  the  centre  of  gravity  of  the  displacement. 


ON  A  NEW  SYSTEM  OF  CONSTRUCTING  SHIPS,  PROPOSED 
TO  BE  CALLED  THE  PARABOLIC  CONSTRUCTION. 

By  John  W.  Nysteom,  C.E. 

The  construction  of  ships  is  yet  in  an  empirical  state,  with  no  estab- 
lished rules  for  laying  down  the  principal  lines,  but  is  wholly  dependent 
on  skill,  experience,  and  taste  of  the  constructor.  In  the  parabolic  con- 
struction herein  proposed,  positive  rules  are  established  for  the  principal 
lines,  as  the  load  water-line,  rail  in  plan,  cross-sections,  displacement, 
sheer,  &c,  that  when  the  lines  are  laid  down  by  those  rnles,  they  cannot 
be  improved  by  taking  in  or  out  a  little  more  or  less  here  or  there;  the 
rule  makes  the  lines  right.  This  will  enable  the  young  constructor  to  lay 
clown  ship-lines  as  fine  as  if  made  by  the  most  experienced  shipbuilder  ; 
still  he  will  not  be  confined  to  any  particular  shape  or  proportion  of  the 
vessel,  but  can  vary  it  according  to  his  own  taste  and  judgment. 

The  advantage  of  the  parabolic  construction  is  not  only  in  laying  down 
fine  lines,  but  the  simple  calculations  connected  with  it  are  of  great  im- 
portance, and  enable  the  constructor,  with  but  few  figures,  to  go  to  work 
with  the  greatest  certainty  of  attaining  a  correct  result,  without  recourse 
to  trial  and  error,  or  comparison  with  other  vesssels.  All  the  lines  in  a 
ship  are  combinations  of  the  circle,    ellipse,    parabola,    and   hyperbola. 
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Q  L  2  «»' (9, 

■*  »    \/i 
log.  i  —  log.  y 

•  -  4(fH)  v7^? ,u) 

r  =   _(n^-r  1)  (»  +J)_  (12) 

re'  m" 

8  =    *  ^/J  (13) 

*  =   -87     (U) 

y  =  l/j"-  (^ff  Ellipse (15) 

^'(•a/^"  V1^) (16) 

2    =   "  y  ^ / d") 

2"     /  h  —  z  »     /  b  —2z 

v  -r- "  v  — j— 


«H^V^> (18) 

a  =  V  +  c  -  I (W) 

A=2v/S(Q'  +  £i'L)  +  a' (20) 

li=}V'Jl   (2D 

kh 

M  =    1    ZlLkJL    (22) 

B<       a      /    D  A>o\ 

m  = —  a    /  (-o) 

12  Q    Y     LQ 

,»=      *S*   /  "    — ■— (24) 

^V(«  +  i)(i  +  ^) 

v/8D(QL-D)  +  9I)-3D  ,0., 

re"  =  _ (.--3) 

4  (Q  L  -  D) 

,  _   .i '  (,r  L  +  a  +  Q)  /  n'  +  l        / «''  +  i\  /36) 

2  d'  L  -r  a  +  2  Q'  \  n'  +  2  \/      «  +  2  /  


TABLE  I. 


Exp. 


Ordixates  axd  Cross  Sections. 


2345 
0545 


•283S 
•0805 


301 
1090 


•I 

•  {3 

y'  I  -1.394 
*    i'1712 

D    1-2373 

.    f-6612 
0   I  -8088 

„   f'6664 
B   1-4809 


7  -.»;■.  < 
180 


•  1375 
•19U 

•512!) 
•2512 

•5781 
•.1312 

■6340 
■4027 

•6830 
•4678 

•7627 

•58 17 

•8220 

•il757 

•8980 
•8080 

•0437 

■H!Kii; 


•6094 
•3713 

•6912 
•4778 

•7668 

•5713 

•8070 
•6512 

■8474 

71-1 

■9046 

•8183 

■9404 
■8844 

■9767 
■9640 


•7500 


•8232 

•6777 

•8750 
•7667 

•9118 

•8310 

•9875 
■8789 

■9t:s7 
■9884 

■98  I  I 

■:m;-s 

■9980 
■9920 

•9990 
■9980 


•8598 

■7384 

•9139 
•8352 

■9472 
■8972 

•9677 
■9886 

■iWIIJ 


■9928 
■9868 

•9972 

•99 1 1 

•9998 
■9992 

•9999 
•9998 


•9875 

•MH.il 

•9687 
•9383 

".Ml 
•9691 

•9922 
■9846 

•'.i  181 
•9922 

•9990 
■9980 

•9997 
■9996 

■9998 
[■0000 


-.IN  I  1 

■9688 

•9941 
•9889 

•9980 

1I96U 

•9993 

•99«6 

•9997 

■'.mill. 

■9999 
•9998 

1*0000 
•9999 

L'0000 
1*0000 

1-iKKK) 


h 
Q 

h 
Q 

6 
Q 

b 
Q 

\, 
Q 

b 
Q 

i, 
Q 

b 
Q 

b 

<2 


Area  W  L  square  feet. 
Disp.  cubic  feet. 


a  =   6666  B  L 
1)  =   5333  Q  L 

a  =  71 12  B  L 
I)  =   5952  Q  L 

a  =  -7500  B  L 
D  =   6129  Q  L 

<i  =-  -7777  B  I. 
j)  =  188O6  Q  L 

a  =  -8000  1!  I, 
D  =7111  (I  L 

«  =--  -8888  1!  L 
1)  -  7575  < '  L 

a  =  -Bill   B  I. 
1)  -  "7924  Q  I. 

3  It  L 

n  o  l, 

9090  B  1. 
I)       8868  Q  l. 


Centre  of  gravity  e. 
Disp.  t"ii~. 


c  =  -325  c2 

T  =•  -0152  Q  L 

e  =  '343  (/ 

T  =  -0170  ti  1) 

f  =-358rf 

T  =-*0184  (J  L 

,    =  -370  d 

T  =  -0191  Q  L 

•881  d 
T  =  -0208  Q  I. 

©7  d 
T  =  -0816  Q  l. 

■409  d 
T  -'0297  Q  L 

I       0288  "  I. 

«  -  *458  d 
T  ■=  '0248  ij  I. 


Exp.  r. 
t   ii  ifflcieni  t. 


r   =  225 
*  =  1-94 

,.  =  8-00 

h   =    2-00 

r   =  177 

k-  =    l'.'l 

)•  =  171 
k-  =  1-88 


1-68 
L-82 

in 
1-70 

1-86 

1  84 


r  -   I  21 

Jt   »    1  'IN 


k-  m 


EXP]  i\  vi  COS    "i     FOBHI  i   :  . 

The  parabolic  formula  l  and  2  nre  for  calculating  tbe  curvature  of  the 
Io.kI  water-line  and  en  n.    Tin;  :il  ■-><•!  -  - 1  .-•,  <niiti-,n-i.  .1  irora  ft,  givei 

the  ordinate  rrom  the  centre  line  of  the  venel  t<>  the  water-line  oi  i 
section.    Formula  8  ii  lor  flnding  the  exponenl  of  tbe  water-line.    Formula 
4  [rives  the  ordinate  tmmened  croH-aeotioni  between  Q  and  tbetternor 
bow.    In  the  accompanying  table  ordinatei  and  cmaa  ■cctitmi  .ire  i 
luted  for  eight  placet  between  Q  and  tbe  item  or  atom,  nnmbercd  .i> 
shown  in  the  table,  and  figures  I  and  -. 

Example  1.  Beqnired  the  fourth  ordinate  of  n  water-line  with  the 
exponent  n  =■  3  and  b  =  IS  feet.  Bee  table,  exponent  8,  line  b  in  the 
4th  column.    Ordinate  0*8750  <   is      &6'76  feet,  the  anawer. 

Example  2.  Required  the  area  of  the  3rd,  (or  the  exponent  «"  •=  4, 
Q  ■=  4.r>5  square  feet.  See  table,  exponent  4,  line  Q,  3rd  column, 
q  =  0-7181  x  455  =  326-7  square  feet,  the  answer. 


The  exponenl  n  need  not  be  alike,  fbre  and  ait,  l"it  n"  muil  be  the 
same,  no  ili.it  tin-  urea  ;  be  equal  for  the  nme  number  of  ordinatei  fore 
and  aft  of  Q.    Tliin  ml    ihould  be  carefully  obaerved. 

Etxample  8.  Beqnired  tbe  «re:i  of  the  lead  water-line  of  :i  resxe] 
l.      J.5.")  font,  I;      2^  foal  and  the  exponent  ■ 


Kormulii  5.       a 


J- 


35  +  1 


Kxinnple  i.    The  ureateel  luunerw  I  tianQ      807  square  feet, 

1!  -  32  feet,  nnd  </       12  feet.     Required  the  exponent 


P'ormula  b.      »' 


81  - 


K   '  li  -  &)7 
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Example  5.    A  ship  of  Q  =  307  square  feet,  L  =  250  feet  long,  and 
the  exponent  n"  =  4.     Required  the  displacement  D  in  cubic  feet  ? 


Formula  9.      D 


307  x  250  x  32 
32  +  13 


=  54577  culbic  feet. 

when  Q,  D  and  L  are 


Formula  25   is   for   finding   the   exponent  n' 
given. 

Formula  10  is  for  finding  the  exponent  n",  when  Q,  q,  I,  b,  and  the 
distance  y  between  Q  and  q  are  given. 

The  formula?  3,  6,  8,  10,  and  25  will  give  the  exponents  for  any  vessel. 

Example  6.  A  vessel  of  d  =  12  feet  draft  of  water  (depth  of  keel 
omitted),  constructed  with  the  exponents  n  =  3,  n'  =  6  and  n"  =3. 
Required  the  depth  of  the  centre  of  gravity  of  displacement  under  water- 
line  ? 

Formula  11.    e  =  -^  (P-4)  A  / %±\  =  4"695  feet- 
2    \6  +  %)\/     3  +  2 

The  centre  of  gravity  of  the  displacement  in  the  length  of  the  vessel 
will  always  be  halfway  between  Q  and  the  middle  of  L. 


Example  7.  A  vessel  constructed  with  the  exponents  n  =  2J,  »'  —  4 
and  n"  =  2f.  The  load  draft  of  the  vessel  is  d  =  16  feet,  wheti  the 
displacement  T  =  4500  tons.  Required  her  displacement  t  =  ?  at  S  =  9 
feet  draft. 

(4  +  1)  (2-5  +  1) 


Formula  12.     Index  r  — 


4  x  2'75 


1-59. 


Formula  14.    t 


91-59  x  4500 

l6l-59 


=  1432  tons,  the  answer. 


The  launching  draft  is  calculated  by  the  formula  13,  when  t  —  weight 
of  the  vessel  in  tons. 

The  formula  15  is  for  calculating  the  elliptic  form  of  the  stern-rail  or 
deck ;  its  nature  is  the  same  as  that  of  the  parabolic  formula  1,  namely, 
the  higher  the  exponent  is,  the  fuller  will  the  line  be. 

Ordinates  for  ellipses  of  different  orders  from  2  to  4,  are  calculated  and 
contained  in  the  accompanying  Table  II.  Half  the  greatest  rail-lieam. 
multiplied  by  the  tabular  number,  gives  the  corresponding  ordinate  in 
the  stern-rail  ellipse. 

See  fig.  8,  where  the  stern-rail  is  an  ellipse  of  the  third  order  or  n  =  3. 


Fig.  1. 


Fig.  2. 


1 f r T— -^--»L_f 


Fie 


Fig.  6. 


Fig.  7. 
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Table  II. 

Elliptic  Sieex  of  '\ 

ESSELS. 

Eiponent. 
n 

OBDIXATES   FOB 

ELLIPSES   OF    DIFFERENT    OBDEE 

1 
3 

1 

2 

3 

4 

5 

•9204 

G 
•9682 

7 
•9922 

2 

■3398 

•4840 

•6G16 

■7808 

•86G0 

si 

■1108 

•5190 

•7147 

•8274 

•9004 

•9495 

•9801 

•9958 

2i 

•4670 

'5537 

•7G57 

•8627 

•9252 

•9646 

•9873 

■9978 

—■4 

•5171 

•G514 

•8029 

•8901 

•9434 

•9749 

•9932 

■9989 

3 

•5001 

•G911 

■8331 

•9019 

•9565 

•9821 

■9918 

•9994 

31 

■5991 

•7252 

•8578 

•9275 

•9604 

•9871 

•9973 

•9996 

3i 

•G333 

■7545 

•8782 

•9406 

•9710 

•9907 

•9978 

•9998 

4 

•090G 

•8021 

•9093 

■9595 

•9340 
■237 1 

■9950 

•9:1:15 

•9999 
•7531 

Sheer 

30^ 

0149 

•0582 

1321 

•3740 

•5449 

of 

45° 

•0157 

■0539 

•1221 

•2152 

•3517 

•5227 

■7313 

Vessels. 

GO' 

■01G0 

•0174 

•108G 

•1972 

•3190 

•1791 

■6946 

SiiEKit. — The  sheer  lines  are  calculated  for  circle-arcs  of  30°,  15°,  and 
60';  they  will  be  ellipses  of  the  second  order;  for  30'  the  elliptical  form 
is  hardly  perceptible,  but  for  601  it  is  more  so. 

Dead  Flat. — There  is  a  difference  of  opinion  among:  shipbuilders  as  to 
where  to  place  the  dead  flat  Q.  Some  place  it  forward,  some  abaft,  and 
some  in  the  middle  of  the  vessel.  It  appears  that  on  sailing  vessels  the 
dead  Hat  should  be  located  forward,  on  account  of  the  centre  of  effort  of 
the  sails  being  high  above  the  ship.  In  paddle  steamers  the  dead  flat 
should  be  located  in  the  centre,  and  in  propellers  abaft  the  centre.  In 
sailing  yachts  the  dead  flat  is  most  generally  abaft  the  centre. 

The  yacht  America,  which  won  the  prize  at  the  Exhibition  in  London 
in  1851,  had  her  dead  flat  about  three-eights  from  the  stern.  The  yacht 
America  is  a  perfect  model  of  the  parabolic  construction  ;  her  exponents 
•are  »  =  »'  =  2,  and  n"  =  2J-,  with  no  hollow  lines. 

The  clipper  ship  Cheat  liejxiljlic  had  her  dead  flat  abaft  the  centre,  and 
the  centre  of  effort  of  her  sails  was  about  12ft.  ahead  of  the  centre  of 
gravity  of  her  displacement.  This  is  an  exceptional  case  ;  in  sailing  vessels 
the  dead  flat  is  most  generally  placed  forward  of  the  centre. 

Hollow  Links. — It  is  the  fashion  in  our  days  to  make  the  load  water- 
line  hollow  fore  and  aft.  which  fancy  is  only  pleasing  and  deceiving  to  the 
eye.  Experiments  have  been  made  with  a  view  to  find  out  soine  less  re- 
sistance to  vessels  with  hollow  lines,  but  have  not,  that  I  am  aware  of, 
given  any  satisfactory  results.  The  hollow  lines  take  away  a  good  portion 
•  of  the  displacement,  and  diminish  the  strength  and  stability  of  the  vessel. 
In  order  to  follow  np  the  fashion  I  will  here  describe  how  hollow  lines  are 
formed  in  the  parabolic  construction.  Let  »',  Pig.  1,  be  the  point  where 
the  hollow  line  is  to  commence;  draw  through  /'  a  line  parallel  to  the 
Centre  line,  draw  the  ordinate  z,  find  -  =  z,  make  a  n'  ;  then  S  is  the 
1  or  stern  of  the  boat.     Draw  equal  number  of  ordinate*   on  a  and  a', 

by  which  the  line  >■'  \  is  transferred  to  i  < ,  and  tonus  the  hollow  part  of  the 

water-line.    The  ordinate  s  is  the  measure  of  the  hollow  line,  and  onghl 
not  to  exceed  -  //.     Hie  formula)  16,  17,  is, and  L9,  are  tor  calculating 

different  parts  connected  with   the  hollow  line,  as  will  be  under*) 1  bj 

referring  to   Figs.  I  and  8.    should  it   be  desired  to  be  verj  fashionable, 

We  can  even  form  a  wave  -line  1>\    tin-  parabolas. 

Tin;  lie  1.1.  cm  \  1. -si:  is. — Tne  area  A  of  the  bull  of  a  boat  will  be  found 
I.;,  the  formula  20, 

Example  8.    A.  vessel  constructed  with  the  exponents  n    ■  n"  •     k,  Q 

3d"  square  feet,  il        12  feel,  1,        2.">n  feet,  and  the  area  of  the  Water-line 

a      5(500  square  feet.     Itcquired  the  nrea  of  the  immen    l  portion  of  the 

hull. 


feet,  area  of  the  upper  deck,  a'  =  6720  square  feet, 
the  hull  from  the  keel  to  the  upper  deck. 


Required  the  area  of 


'■'V^i8 


')♦ 


531  +  20  x  250  )  +  6720  =  16,614  sq.  feet. 


Example  10.  Suppose  the  hull  of  the  vessel  in  the  preceding  examples 
to  be  of  i-inch  plate  iron,  and  add  15  per  cent,  to  the  area  A  fir  lap  and 
rivets.  Required  the  weight  of  the  hull  in  tons,  from  the  keel  to  the 
upper  deck.  • 

A  =  16,614  x  116  =  19,100  square  feet. 

The  weight  of  i-inch  iron  is  201bs.  per  square  foot,  when  the  weight  of 
the  hull  will  be 

19.100   x   20    =  m  tons  ne;irlv_ 
2340 

Example  11.  Suppose  the  distance  between  the  frames  to  be  18  inches 
or  1'5  feet.  Required  the  length  of  all  the  frames  to  the  upper  deck. 
From  example  9  we  have  A  =  16,614  square  feet,  when  the  length  of  the 
frames  will  be 

16,614   _  iio76 feet,— the  answer. 
15 
Example  12.     Required  the  depth  of  the  centre  of  gravity  in  the  hull 
of  a  vessel  with  dimensions,  as  in  the  preceding  examples.     The  exponent 
for  the  cross  section  ;;'  =  10.     The  bulwark  and  keel  omitted.     Length  of 
upper  deck  L  =  262  feet. 
Formula  2G. 

•  _      20  (20  x  250  -i-  5600 
2  x  20  x  250  -t-  5UIX)  + 


^  531 W  10  +  1  \        /  \  +  1    _ 
2  x  531  \  10  -r  2  )   V       4  +  a 


1 1-2  feet. 


It  will  be  seen  that  the  exponents  perform  the  most  prominent  part, 
both  in  the  calculation  and  construction.  By  proper  selection  of  the  expo- 
nents, any  form  of  vessels  can  be  constructed  by  the  parabolic  method. 

The  formula  21  is  for  calculating  the  horse-power  necessary  for  a  given 
speed  ;  the  co-efficient  h  will  be  found  in  Table  I.,  last  column,  in  the  line 
of  the  given  exponent  for  the  displacement. 

Example  13.  What  power  is  required  for  a  vessel  of  dimensions  as  in 
the  preceding  examples  to  propel  her  M  =  9  knots  per  hour?  n"  =  4 
k  =  1-82,  Q  =  307,  and  L  =  250. 


Formula  21. 


H  = 


o-<  x  307 
!••>  2  x  250 


=  491-8  horses. 


<_ 


Formula  20. 


.  12 


260  ) 


t  6000      llSlOsq.  ft. 


[f  the  vessel  is  to  be  coppered,  add  IS  p>-r  cent,  to  the  area  \.  and  it  gives 

the  surface  of  copper  required  to  cover  the  imma l  parti f  the  hull, 

including  the  lap. 

Example  9.  A  vessel  of  the  same  dimension  preceding  example 

has  the  upper  deck  h  feet  above  the  load  water-line;  the  beam  It      2s 
feet,  makes  d'  =  12  +  8  =  20  feet,  and  <{       ::"7        Js       a,        .  ;1   ..,„.,,.,. 


Fig.  I.  Fig. 

Fig.  3  is  a  scale  of  displacement  at  different  drafts  of  water;  it  is  cal- 
culated and  constructed  by  the  formula-  13  and  II.  The  numbers  on  t  he 
corves  denote  the  exponent  .<"  of  the  vessel,  and  not  the  index  /•.  The 
displacement  X  is  represented  by  the  8th  water  line,  from  the  figure  8  to 

where  it  meets  the  carve  ;  all  the  other  water  line^  represent  the  displace- 
ment I  at  the  noted  draft. 

Fig.  I  is  a  diagram  for  laying  out  the  ordinate*  in  the  water-line  and 
cross  section]  one  of  these  should  be  constructed  for  each  exponent  ». 
Ibis  diagram  is  constructed  with  the  exponent  //      2.  the  line  '/  //  =»  4, 

FigS.   I   and  2,  and  the  ordinates  in  the  Inner  parabola  correspond  with  the 

distances  trom  </  In  the  diagram.  It  Is  constructed  in  the  following  way: — 
.Make  a  right-angled  triangle  of  any  desired  sise;  make  the  base  longer 
than  the  height]  call  the  height  I;  decide  the  exponent  for  the  diagram ; 
-.jt  oir  from  the  right  angle  the  ordinate,  in  the  lineo,  Table  I.,  and  join 
them  with  the  opposite  angle  In  the  triangle;  tlien  any  beam  b  set  off 
hi  angle  from  the  base  to  the  hypothenuse  gives  the  corresponding 

ordinate*  In  the  water-line  or  cross  section. 

5  lb  >«s  how    to   lay   out   the 

spring  of  the  beams;  the  length  i, 

divided  into  8  eqaaJ  pari-  in swh 

end,numbered  as  shown  by  the  figure. 

The  -printr  of  dech    beam-   OOgD 

In'  a  parabola  of  the  second  order, 
when  the  ordinal  ited  from  the  line  b,  exponent  2,  Table  I. 

mg  6  —  1. 

i.) 

1  I 


<fT"L  34367  1704  JTT 


L 
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DESCRIPTION   OP  AMSLER'S   PLANOMETER,  AS  APPLIED  TO 
SHIPBUILDING. 

This  very  ingenious  and  useful  instrument  seems  to  be  but  little  known 
among  engineers  and  constructors.  It  is  a  very  important  instrument  in 
the  construction  of  ships,  where  it  saves  a  great  deal  of  time  and  calcula- 
tions ;  by  applying  the  planometer  to  the  frame  drawing  of  a  ship,  the 
displacement  is  obtained  correctly  with  only  one  multiplication,  in  a  few 
minutes.  • 

The  accompanying  figure  represents  Amsler's  Planometer  in  position  to 
take  the  areas  of  the  immersed  cross-sections  of  a  ship.  The  instrument 
rests  on  three  points,  namely,  A,  C,  and  e ;  it  has  a  hinge  at  H  ;  the  point 
C  is  stationary  when  the  point  P  moves  about ;  the  wheel  c  turns  in 
different  directions,  indicating  the  area  described  by  P.  The  nature 
of  the  instrument  is  such  that,  when  the  point  P  moves  from  D  via  A  to 
B,  the  wheel  e  indicates  the  area  of  the  figure  A,  B,  C,  D  ;  if  P  is  moved 
further  from  B  via  E  to  D,  the  wheel  c  subtracts  the  area  B,  C,   D,  E. 


F  i 


leaving  indicated  the  area  ABED.  The  wheel  c,  with  the  assistance 
of  a  vernier,  gives  three  figures  in  the  reading,  and  the  wheel  e  moved 
by  a  worm-screw  gives  the  fourth  figure ;  the  instrument  gives  a  nicety 
of  four  figures  in  the  reading,  which  is  sufficient  for  most  practical 
purposes. 

The  planometers  are  always  made  so  that  the  point  P  is  to  be  moved 
with  the  sun.  However  irregular  a  plan-figure  might  be,  the  point  P 
moved  through  the  whole  boundary,  gives  the  area  on  the  whole  c  and  e. 
The  cross-section  A,  B,  6,  is  obtained  by  moving  P  in  the  boundary  from 
A  via  B,  J,  and  back  to  A. 

When  it  is  desired  to  know  the  area  of  all  the  cross-sections,  it  is  not 
necessary  to  read  off  every  one  of  them,  but  continue  to  move  through 
all  the  boundaries,  and  the  wheels  will  add  up  the  whole  to  one  sum,  which, 
multiplied  by  2  and  the  distance  between  the  sections,  gives  the  displace- 
ment ;  though  care  must  be  taken  not  to  take  the  greatest  section  p  twice. 
Suppose  all  the  areas  of  the  figure  before  us  is  to  be  taken  for  the  displace- 
ment :  Move  P  from  A  to  B  b  A,  B  a  A,  B  E  D  A,  further  from  A  to  2,  B 
A  1,  B  A,  and  the  wheels  will  show  the  total  sum  of  half  the  sections. 


INSTITUTION    OF    CIVIL    ENGINEERS. 

STRUCTURES  IN  THE  SEA,  WITHOUT  COFFER  DAMS; 
WITH  A  DESCRIPTION  OP  WORKS  OP  THE  NEW  ALBERT 
HARBOURS    AT    GREENOCK. 

By  Me.  D.  Millek. 

It  was  stated  that  the  immediate  object  of  this  Paper  was  to  treat  of  the 
various  methods  of  constructing  the  foundations  of  quays,  walls,  piers,  or 
breakwaters,  for  the  formation  of  docks  and  harbours,  in  deep  water ; 
and  to  describe  works  of  this  kind  which  have  been  carried  out  on  prin- 
ciples different  to  those  usually  practised,  and  to  point  out  the  further 
application  of  those  principles  to  other  structures  of  a  similar  nature. 
The  plans  which  had  chiefly  prevailed  were,  founding  upon>  piling  carried 
up  to  about  the  level  of  low  water,  constructing  within  caissons  or  coffer- 
dams, or  building  under  water  by  means  of  diving  apparatus.  Instances 
of  the  failure  of  the  first  of  these  methods,  which  was  believed  to  be 
inapplicable  where  there  were  marine  worms,  were  given.  The  second 
was  most  effectual,  but  was  generally  expensive,  and  often  attended  with 
danger.  The  last  was  also  costly,  besides  being  subject  to  delay  in  the 
progress  of  the  works.  In  bridge  building,  of  late  years,  the  plan  of 
forming  enclosures  of  close  piling,  of  the  shape  of  the  pier,  and  filling  in 
with  hydraulic  concrete,  had  been  pursued  by  French  engineers;  and  the 


substitution  of  iron  for  perishable  timber  piling,  in  the  construction  on 
this  plan  of  the  piers  of  the  Chelsea  and  Westminster  bridges,  by  Mr.  Page 
(M.Inst.C.E.),  was  considered  to  be  a  successful  departure  from  stereotyped 
rules. 

Although  the  value  of  beton,  or  hydraulic  concrete,  was  now  appreciated 
in  this  country  as  a  substitute  for  masonry,  and  had  been  employed  in 
some  important  works,  yet  its  use  was  chiefly  confined  to  forming  a  homo- 
geneous and  monolithic  bearing  stratum  for  foundations,  and  not,  properly 
speaking,  as  a  constructive  material.  The  modes  in  which  concrete  had 
been  applied  for  constructive  purposes  were,  building  it  dry  in  mass,  and 
allowing  it  to  set  before  being  placed  in  the  work,  as  had  been  adopted 
in  the  construction  of  the  walls  of  the  Victoria  and  of  the  London  Docks ; 
preparing  it  first  in  blocks,  and  allowing  it  to  harden  before  being 
used,  as  employed  at  the  Dover  breakwater,  and  for  the  new  sea  forts  at 
Portsmouth  and  Plymouth ;  and  depositing  it  in  a  liquid  state,  and 
allowing  it  to  set  under  water,  as  practised  at  the  Government  Graving 
Docks  at  Toulon.  The  facilities  for  making  beton,  which  had  the  in- 
valuable property  of  setting  under  water,  and  of  thus  forming  an  artificial 
rock  or  stone,  were  very  great ;  as  it  might  be  made  either  from  the  natur- 
ally hydraulic  limes,  the  artificially  hydraulic  limes,  or  cement,  or  from 
the  rich  or  non-hydraulic  limes,  rendered  hydraulic  by  the  admixture  of 
other  substances,  such  as  Puzzolana,  minion,  or  iron  mine-dust.  Various 
examples  were  adduced  of  the  application  of  concrete,  on  a  large  scale, 
prepared  from  these  different  materials,  especially  at  the  Mole  of  Algiers, 
at  the  breakwater  at  Marseilles,  and  at  other  Prench  ports,  as  well  as  in 
the  Pont  d'Alma  over  the  Seine,  in  which  case  both  the  arches  and  the 
piers  were  formed  of  rubble  concrete. 

As  Engineers-in-chief  for  the  new  harbour  works  for  theport  of  Greenock, 
the  author  and  his  partner,  Mr.  Bell,  had  an  opportunity  of  introducing 
a  system  of  constructing  sea  walls  and  quays  in  deep  water,  without  the  aid 
of  coffer  dams,  diving  apparatus,  or  other  means  equally  expensive.  These 
works  were  situated  on  the  west  side  of  the  town,  and  had  been  projected 
almost  entirely  beyond  the  high  water  line  into  the  sea.  The  outer  pier 
would  ultimately  be  upwards  of  3000ft.  in  length  and  about  60ft.  wide  at 
the  top,  with  quays  on  both  sides.  Within  this  there  would  be  space  for 
two  harbours,  each  1000ft.  in  length,  15ft.  deep  at  low  water,  and  25ft. 
at  high  water,  with  entrances  100ft.  wide,  and  ample  room  for  the  con- 
struction of  graving  docks,  for  the  storage  of  timber,  and  for  the  erection 
of  sheds.  At  present  it  was  only  proposed  to  erect  about  one-half  of  the 
sea  pier,  and  to  form  one  harbour  or  tidal  dock.  In  the  design  of  these 
works,  it  was  suggested  that  the  walls  under  low  water  should  consist 
of  a  combination  of  cast-iron  guide  piles  in  the  front,  with  a  continuous 
stone  facing,  slid  down  over  and  enclosing  these  piles,  timber-bearing 
piles  being  used  in  the  body  of  the  walls  where  required,  aad  concrete 
backing  being  deposited  in  a  soft  state ;  and  that  the  upper  part  of  the 
walls  should  be  built  of  masonry  in  the  usual  manner.  The  first  operation, 
when  the  water  was  not  sufficiently  deep,  was  to  dredge  two  parallel 
trenches  to  the  required  depth,  17  feet  below  low  water,  for  the  founda- 
tions. A  staging  of  timber  piles  was  afterwards  erected  in  the  line  of  the 
pier  over  its  whole  breadth,  for  carrying  the  tramways  travelling  cranes, 
and  piling  engines.  The  cast-iron  guide  piles  were  then  driven  from  the 
staging,  with  great  precision,  7  feet  apart  in  the  line  of  the  face  of  each 
quay  wall.  These  piles  were  driven  until  their  heads  were  near  to  the 
low  water  line,  by  pile  engines,  furnished  with  long  arms  projecting  down- 
wards, strongly  stayed  by  diagonals,  and  forming  a  trough,  into  which  the 
pile  was  placed,  and  from  which  it  was  shot,  like  an  arrow  from  a  cross- 
bow. The  piles  were  connected  at  the  top  transversely  by  wrought  iron 
tie-rods  stretching  through  the  pier.  When  the  piling  was  driven,  a  bed 
of  hydraulic  concrete,  3  feet  thick,  and  20  feet  wide,  was  deposited  in  the 
trenches  to  form  a  base  for  the  wall,  and  to  give  a  large  bearing  surface. 
Into  the  grooves  formed  by  the  flanges  of  the  iron  piles,  large  granite  slabs 
from  the  Ross  of  Mull,  from  18  inches  to  2  feet  thick,  were  slipped, 
the  bottom  one  resting  on  the  concrete  base,  and  on  a  projecting  web  cast 
on  the  piles.  This  constituted  the  face  of  the  wall,  and  in  each  compart- 
ment between  the  piles,  16  feet  in  height  and  7.  feet  in  width,  there 
were  only  three  stones.  Behind  this  facing  hydraulic  concrete  was  lowered, 
under  low  water,  in  large  boxes  having  moveable  bottoms,  and  was 
discharged  in  mass  to  form  the  body  of  the  wall.  To  confine  this  at  the 
back  before  it  had  set,  loose  rubble  stones  were  deposited.  The  hearting 
of  the  pier  consisted  of  hard  till,  stones,  and  granite  up  to  the  level  of 
low-water.  When  the  whole  of  this  mass  was  consolidated,  the  heads  of 
the  iron  piles  and  the  granite  facing  blocks  were  capped  by  a  granite  blocking 
or  string-course,  and  the  upper  portion  of  the  walls  was  built  in  freestone 
ashlar  and  rubble.  The  remainder  of  the  hearting  between  the  walls 
was  then  filled  in,  and  the  whole  finished  with  a  granite  coping  and 
causeway.  The  walls  were  33ft.  in  height  from  the  foundations,  11J  feet 
thick  at  the  concrete  base,  diminished  by  5ft.  at  the  top.  In  the  part  of 
the  work  already  executed,  the  outer  flange  of  the  iron  piles  was  exposed 
to  the  action  of  the  salt  water.  In  future  it  was  intended  to  reverse 
this  plan  and  to  make  grooves  in  the  stone  facing,  so  that  it  should  over- 
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lap  the  iron  piles,  filling  in  the  grooves  from  the  top  with  cement.  When 
fie  whole  extent  of  the  seaward  pier  was  completed,  the  interior  operations 
for  the  harbour  would  be  proceeded  with ;  this  pier  serving  as  the  principal 
coffer  dam,  and  a  short  dam,  about  100ft.  in  length,  closing  the  entrance. 
It  was  stated  that  this  mode  of  constructing  walls  in  deep  water  without 
coffer  dams  had  been  most  successful,  and  that  a  sea-pier  of  great  solidity 
and  durability  had  been  formed  in  deep  water  at  a  comparatively  mode- 
rate cost.  The  works  of  the  Albert  Harbour  were  being  executed  under 
the  superintendence  of  Mr.  John  Thompson,  as  resident  engineer,  by  Messrs. 
W.  and  J.  York,  contractors. 

The  application  of  this  system  to  the  construction  of  breakwaters  and 
harbours  of  refuge,  was  then  noticed,  reference  being  first  made  to  the 
principal  modes  of  construction  hitherto  adopted,  and  to  the  peculiar 
phenomena  by  which  such  structures  were  affected.  The  usual  method 
of  forming  breakwaters  was  by  the  pierre  perdue,  or  long  slope  system, 
as  carried  out  at  Plymouth,  Cherbourg,  and  Holyhead.  Where  stone 
was  most  abundant,  a  vertical  wall  was  built  from  the  bottom  by  means 
of  diving  apparatus,  of  which  the  breakwater  at  Dover,  now  in  course  of 
construction,  was  the  most  prominent  example.  Besides  these  systems, 
which  might  be  taken  as  the  extremes,  an  intermediate  form  of  section, 
combining  both,  that  was  to  say,  a  rubble  mound  to  a  certain  depth  under 
low  water,  and  a  vertical  wall  above,  had  been  carried  out  at  Alderney. 
From  an  examination  of  the  general  principles  which  affected  breakwaters, 
and  the  modes  of  construction  usually  adopted,  the  conclusion  arrived  at 
was,  that  the  vertical  system  was  that  which  had  best  resisted,  or  rather 
averted,  the  destructive  action  of  the  sea,  and  required  the  smallest  amount 
of  material.  Both  the  long-slope  and  the  vertical  systems,  as  at  present 
carried  out,  were  expensive,  from  the  quantity  of  material  used  in  the 
one  case,  and  the  costliness  of  the  material  and  the  mode  of  con- 
struction in  the  other;  the  former  might  be  characterised  as  involving 
the  maximum  in  quantity,  and  the  minimum  in  cost  of  material;  the 
latter,  on  the  contrary,  the  mimimum  in  quantity  and  the  maximum  in 
cost  of  material.  The  object  sought  to  be  attained  in  the  new  system 
was  to  effect  a  minimum,  as  far  as  possible,  both  in  the  quantity  and  in 
the  cost  of  the  material.  Breakwaters  might  be  thus  constructed,  either 
wholly  vertical  from  the  bottom,  or  partially  vertical,  springing  from  a 
rubble  mound.  The  principal  feature  of  the  new  plan  was  a  framework 
of  iron  piles,  or  standards,  and  ties,  which  would  serve  during  the  con- 
struction as  the  staging,  and  would  afterwards  form  an  essential  portion 
of  the  structure,  by  binding  together  a  strong  casing  of  stone,  or  other 
sufficiently  durable  material,  which  would  enclose  and  form  the  facing  of 
the  breakwater,  the  interior  being  filled  up  with  loose  rubble,  cemented 
into  a  solid  mass  by  liquid  concrete.  As  soon  as  a  pair  of  piles  trans- 
versely had  been  fixed,  rubble  would  be  deposited  up  to,  say,  18ft.  under 
low  water.  Strong  casing  blocks,  either  of  stone  or  of  beton,  made  to 
enclose  the  iron  standards,  would  then  be  lowered,  the  blocks  being  locked 
or  arched  into  eaeh  other,  so  as  to  resist  pressure  from  behind  and  made 
to  break  bond,  if  thought  desirable.  The  hearting  of  the  work  would  be 
proceeded  with  simultaneously  with  the  building  of  the  casing,  and  would 
consist  of  rubble  in  the  centre,  and  of  hydraulic  concrete  behind  the  stone 
casing.  It  was  believed  that  such  a  structure  could  be  erected  in  a  depth 
of  6  fathoms,  with  a  range  of  tide  of  15  feet,  for  £190  per  lineal  yard, 
without  a  parapet,  and  at  £200  per  lineal  yard  including  a  parapet.  The 
economy  of  this  system  would  arise  from  the  smallness  in  quantity  and 
the  cheapness  of  the  bulk  of  the  material.  It  would  also  possess  the 
advantage  of  rapid  execution,  as  the  mass  of  the  material  could  be  deposited 
without  any  tedious  operation  being  necessary  over  a  great  length  of  the 
work  at  one  time. 

The  author  was  of  opinion  that  the  system  which  had  been  described 
admitted  of  being  applied  i''<r  the  construction  of  the  works  under  low 
prater,  of  marine  fortification!,  as  well  as  of  breakwaters,  piers,  quay-walls, 

lighthouses,  and  other  similar  structures.  He  considered  that,  although 
the  mode  of  constructing  an  engineering  work  must  be  del  Mini  mil  ■■real  I \ 
by  local  circumstances,  this  system  presented  the  following  advantages — 
greaf  economy,  combined  with  strength  and  durability;  facility  and  ra- 
pidity of  execution;  and  adaptability  to  situations  where  the  present 
mod.-  of  construction  would  be  inapplicable. 


KOYAL     INSTITI  TM»\    Off    GBEAT    IJWTAIN, 

ON  ARTIFICIAL  ILLUMINATION. 

I!v    Kii\\  UBS   I'imm.i  i\n. 
Ten  years  ago  th  gave  In  this  Institution  a  sketch  of  dm  con- 

dition of  Artificial  [nomination.  Since  thai  period  but  Utile  progress  bad 
been  made  towards  perfecting  those  processes  of  producing  artificial  light 
at  that  time  in  general  use.  Nevei  theless,  the  improvments  effected  in  the 
production  and  applical  ion  of  the  electric  light,  the  increase  of  our  know  ■ 

ledge  both  of  solar  and  terrestrial  light,  and  especially  tile  discovery  of   BD 


entirely  new  illuminating  agent,  threatening  to  produce  a  revolution  in 
lighting  almost  equal  to  that  which  was  the  result  of  the  invention  of  gas 
— rendered  it  desirable  again  to  review  this  subject,  after  the  lapse  of  a 
decade. 

In  glancing  at  the  improvements  effected  in  the  different  departments  of 
artificial  illumination,  those  which  relate  to  the  Electric  Light  were  first 
noticed.  The  electric  light  is  produced  by  the  interruption  of  an  electric 
current  flowing  through  good  conductors;  by  this  interruption  the  current 
is  made  to  leap  across  a  space  provided  in  its  circuit.  The  boundaries  of 
this  space,  in  the  ordinary  electric  light,  are  formed  by  two  portions  of  gas 
carbon,  and  during  the  passage  of  the  electric  current  across  it,  the  two 
pieces  of  carbon  are  heated  to  a  most  intense  degree,  and  far  beyond  that 
produced  by  any  other  means  at  our  disposal.  The  great  source  of  illu- 
minating power  was  shown  to  be  the  ignited  ends  of  these  two  pieces  of 
gas-carbon,  and  not  the  space  between  them. 

Such  being  the  nature  of  the  electric  light,  the  principal  improvment 
which  has  been  effected  in  it  during  the  past  ten  years,  consists  in  the  pro- 
duction of  the  electric  current  through  the  intervention  of  heat  and  me- 
chanical force  by  what  is  termed  magneto-electricity.  More  than  thirty 
years  ago,  Mr.  Faraday  produced  a  spark  from  the  ordinary  permanent 
magnet.  Here,  said  the  speaker  (producing  a  magnet),  is  the  very  cradle 
of  this  magneto-electric  light,  and  this  is  very  magnet  with  which  Mr. 
Faraday  operated.  This  improvement  constitutes  one  of  the  greatest  steps 
in  advance  which  have  been  made  in  the  application  and  production  of  the 
electric  light.  By  the  combustion  of  coal  a  certain  amount  of  mechanical 
power  is  obtained,  which  is  applied  to  the  rotation  of  masses  of  iron  in  the 
neighbourhood  of  very  powerful  permanent  magnets.  In  this  way,  currents 
of  electricity  are  produced,  and  these  are  thrown  together,  and  made  to 
circulate  through  a  system  of  conductors  :  in  fact,  there  is  no  difference, 
as  regards  the  effect  at  the  carbon-prisms,  between  the  action  of  this 
magneto-electric  current,  and  the  ordinary  electric  current  produced  by  the 
chemical  action  which  takes  place  in  the  voltaic  battery.  But  this  im- 
proved mode  of  producing  the  electric  force  demands  less  manual  labour, 
the  mechanical  work  being  performed  by  a  steam-engine,  which  causes  the 
rotation  of  the  armatures. 

This  magneto- electric  apparatus,  as  perfected  by  Mr.  Holmes,  has  now 
been  in  use  for  upwards  of  two  years  in  the  South  Foreland  and  Dungeness 
Lighthouse,  where,  as  well  as  in  other  similar  beacons,  the  production  of  a 
light  of  the  greatest  intensity  is  of  the  greatest  importance  to  the  mariner. 
During  this  time  it  has  performed  its  office  remarkably  well,  and  without 
a  single  instance  of  failure,  thus  proving  itself  well  adapted  for  the 
purposes  of  lighthouse  illumination. 

For  domestic  light  it  has  not  been  yet  brought  into  use,  its  expense,  doubt- 
less, at  the  present  moment,  being  far  too  great  to  admit  of  i',s  being  era- 
ployed  in  this  way ;  but  where  a  light  of  great  intensity,  regardless  almost 
of  the  question  of  expense,  is  required,  as  in  the  case  of  lighthouses,  the 
magneto-electric  light  can  scarcely  be  too  much  prized. 

The  speaker  also  described  the  mercurial  electric  light,  but  considered 
it  inferior  both  in  brilliancy  and  steadiness,  to  that  procured  by  the  passage 
of  the  electric  current  between  carbon  terminals. 

The  discoveries  and  improvments  connected  with  gas  as  an  illumination 
agent  were  then  considered.  It  is  of  great  importance  that  gas,  as  light- 
giving  material,  should  be  improved  to  the  utmost  possible  extent,  so  as  to 
make  it  a  perfect  source  of  liglit.  Its  conveniences  are  so  patent  to  every 
one,  its  use  is  attended  with  so  few  discomforts,  and  the  light  is  obtained 
with  such  facility,  and  of  any  desired  intensity  with  certain  limits,  that 
there  is,  perhaps,  no  source  of  artificial  light  capable  of  such  general  appli- 
cation. Nevertheless,  this  is  one  of  the  modes  of  illumination  which,  ha\  in-- 
been  long  previously  in  use,  has  not  made  un.it  progress  during  the 
past  ten  years.  The  salpbur  compounds,  which  at  the  commencement  oft  hat 
time  were  complained  of  being  present  in  purified  gas, are  still  therein  consi- 
derable, if  not  in  undiminished  quantity,  although  there  has  recently  been  a 
process  devised  bj  means  of  which  these  impurities  can  be,  to  a  greaf  extent, 
got  iii  I  of.  It  remains  to  be  seen  whet  her  t  bis  process  be  applicable,  on  a  large 
scale,  in  the  gas  manufactory  :  l.m ,  so  far  a  i  can  be  judged  from  experiments 
made  upona  small  scale,  it  is  a  process  which  is  likely  to  be  very  effective. 

1 1  is  the  invent  inn  |  ff  the  Rev.  Mr.  Bowditch,  Of  N\  akelield.       These  sulphur 

compounds  are  irremovable  in  tl rdiuarj  process  of  purification.     The 

d  in  the  nsnal  manner  over  nydrate  of  lime,  or  the  per- 
oxide of  iron  ;  bui  t  hi-  operation  does  not,  in  the  iligbtesl  degree,  affect  the 
sulphur  eon i pou i ii I-  in  question  :  during  the  combustion  of  the  gas,  how- 
ever, their  sulphui  i  converted  into  sulphurous  acid,  which  diffuses  itself 
into  the  apartment  in  which  th  ■  ;;.is  i-  burned,  and  :>  great  deal  "i  the 
discomfort  of  which  manj  complain  in  the  use  of  gas  is  due  to  this  cause 
,M  i .  Bowditch  discovered  tbal  though  cold  hydrate  oflime  will  not  remove 
impurities,  thej  are  to  u  great  extent  got  rid  of  by  heating  the  hydrate  of 
lime  to  a  temperature  varying  from  the  boiling  point  of  water  up  to  100 
or  600°  I'uhr.,  a  temperature  "i  100  being  thi  tnoel  convenient  for  the 
development  of  t  he  eii'ee:  -  "t  hi-  process,  The  heated  hydrate  oflime  eon- 
vert-  t  he  sulphur c  impounds  mi  t  lulphuretted  hydrogen  and  carbonic  acid, 

which  can  then  he  removed  h\    tin-  Ordinary    purifying  material — cold  hy- 
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drate  of  lime.  This  process  has  been  found  by  repeated  experiments  toremove 
all  but  about  2  or  3  grains  of  sulphur  per  100  cubic  feet  of  gas,  the  quantity 
of  sulphur  originally  contained  in  the  gas  varying  from  5  or  6  grains  up 
to  20  grains  in  100  cubic  feet.  Heated  hydrate  of  lime  was  shown  to  develope 
sulphuretted  hydrogen  from  the  gas  supplied  to  the  Institution. _ 

Another  recently  ascertained  fact  in  connection  with  gas  is  the  discovery 
of  an  illuminating  constituent  recently  made  by  M.  Berthelot.  This  is  a 
gaseous  body,  called  Acetylene,  which  is  produced  under  very  peculiar 
circumstances.  Unlike  all  other  hydrocarbons  with  which  we  were  formerly 
acquainted,  an  intense  heat  is  favourable  to  the  production  of  this  body. 
For  instance,  it  is  produced  when  coke  is  very  intensely  ignited  in  hydrogen 
gas;  and  Dr.  Odling  has  recently  demonstrated  that  two  of  the  constituents 
of  coal-gas,  light  carburetted  hydrogen  and  carbonic  oxide,  which  are  use- 
less for  lighting  purposes,  may,  by  means  of  strong  ignition,  be  made  to 
form  acetylene,  and  thus  become  luminiferous  agents.  It  has  generally 
been  considered  important  to  preserve  a  moderate  degree  of  heat  in  gas- 
making,  in  order  to  prevent  the  destruction  of  the  luminiferous  hydrocar- 
bons ;  but  the  discovery  of  the  formation  of  acetylene,  under  the  circum- 
stances named,  will  render  it  necessary  to  investigate  how  far  the  produc- 
tion of  this  substance  can  be  carried  on  upon  a  large  scale,  and  rendered 
valuable  for  increasing  the  illuminating  power  of  gas.  The  subject  is  yet 
in  embryo,  hut  it  has  an  important  bearing  upon  the  future  progress  of 
gas-lighting.  Acetylene  and  defiant  gas  contain,  in  equal  volumes,  the 
same  amount  of  carbon,  but  the  former  contains  only  half  as  much  hydrogen 
as  the  latter ;  consequently,  the  illuminating  power  of  acetylene  is  probably 
at  least  double  that  of  olefiant  gas. 

The  compound  of  acetylene  with  copper,  is  a  substance  not  altogether 
devoid  of  interest  to  the  gas-manufacturer.  When  it  attains  a  certain 
heat,  it  explodes  with  considerable  violence,  and  the  same  effect  may  be 
produced  by  friction.  It  has  been  demonstrated  recently,  that  acetylene, 
of  copper  can  be  produced  by  the  passage  of  ordinary  coal-gas,  containing 
as  it  does,  a  trace  of  ammonia,  through  copper  or  brass  tubes ;  and  explo- 
sions which  have  taken  place  through  cleaning  out  such  tubes,  resulting  in 
serious  injury  to  workmen,  have  been  doubtless  due  to  the  presence 
of  this  substance.  It  is  of  course  obvious  that  an  explosion  of  this 
kind,  even  if  slight  in  itself,  may  be  communicated  to  explosive  mixtures 
of  gas  and  air  (in  a  gas-holder  or  gas-meter,  for  instance),  and  may  thus 
lead  to  very  disastrous  results.  An  explosion  of  this  kind  occurred  a  few 
years  ago  in  Lancashire.  A  large  meter  had  been  detached  and 
brought  into  the  open  air ;  a  workman  was  unscrewing  one  of  the  brass  con- 
nections, when  the  meter  exploded  with  a  loud  report.  The  explosion  could 
not  be  accounted  for,  as  all  the  eye-witnesses  were  positive  that  no  ignited 
body  of  any  kind  was  near  the  meter. 

The  improvements  effected  in  the  production  and  application  of  oils  for 
illuminating  purposes  were  next  referred  to. 

The  animal  and  vegetable  oils,  which  for  ages  have  been  employed  for 
tins  purpose,  have  received  no  development  of  importance  during  the  last 
ten  years.  On  the  other  hand,  new  sources  of  this  class  of  illuminants  have 
been  discovered,  which  threaten  to  produce  a  great  revolution  in  the  modes 
of  obtaining  artificial  light. 

One  of  the  most  important  of  the  materials  manufactured  from  these 
sources  is  paraffin-oil,  the  production  of  which  from  bog  coal  has  been 
carried  out  on  an  immense  scale  with  great  ingenuity  and  success  by  Mr. 
Young,  of  Bathgate,  near  Edinburgh. 

This  new  source  of  light  is,  however,  already  threatened  by  a  formidable 
rival — native  coal  oil — which  has  been  distilled  by  nature  herself,  and  con- 
sequently does  not  require  those  preliminary  processes  which  oil  produced 
from  bituminous  coal  has  to  undergo.  These  discoveries  have  been  made 
principally  in  the  United  States  of  America,  and  more  especially  in  Canada. 
In  the  latter  country  alone  no  less  than  twenty  millions  of  gallons  of  this 
oil  have  been  obtained  from  wells,  several  of  which  are  spouting-wells. 
From  these  the  oil  rises,  probably  from  the  pressure  of  gas,  to  a  considerable 
height  above  the  surface  of  the  ground,  so  as  not  to  require  pumping. 
The  twenty  millions  of  gallons,  which  represent  the  annual  productions 
of  the  Canadian  wells,  may,  upon  a  moderate  calculation,  be  said  to  furnish, 
in  refined  oil  alone,  illuminating  material  equal  to  one  hundred  and  eighty 
millions  of  pounds  of  sperm  candles. 

The  importance  of  such  a  vast  amount  of  illuminating  material  so  cheaply 
obtained  can  scarcely  be  overrated  in  connexion  with  the  question  of  the  pro- 
duction of  artificial  light.  Up  to  the  present  time,  the  refined  oil  from 
this  crude  petroleum  has  been  prevented  from  coming  into  effective  com- 
petition with  the  original  paraffin-oil,  owing  to  the  carelessness  with  which 
the  former  has  been  manufactured.  There  is  a  considerable  portion  of 
light  naphtha  left  in  this  oil,  which  renders  it  capable  of  forming  explo- 
sive mixtures  in  the  lamps  wherein  it  is  burned.  Both  these  American 
oils  require  to  be  still  further  freed  from  volatile  naphtha ;  they  would 
then  form  valuable  illuminating  materials. 

The  speaker  then  directed  attention  to  the  following  tables.  The  first 
contains  the  results  of  his  experiments  on  the  illuminating  effect  of  these 
oils  in  connection  with  that  of  some  other  materials  used  for  giving  artificial 
light: — 


Illuminating  'Equivalents,  or  the  Quantities  of  different  Illuminating 
Materials  necessary  to  produce  the  same  amount  of  Light. 

Young's  Paraffin  oil 1     gallon, 

American  rock  oil,  No.  1  1*26     „ 

No.2  T30     „ 

Paraffin  candles 18'6  lbs. 

Sperm  „     22'9  „ 

Wax  „      26-4  „ 

Stearic  „      27-6   „ 

Composite    „      29'5   „ 

Tallow  „      36      „ 

From  this  table  was  made  the  following  calculation  of  the  compara- 
tive cost,  from  different  sources,  of  the  light  of  twenty  spermaceti  candles,, 
each  burning  for  ten  hours,  at  the  rate  of  120  grains  per  hour  :-*■ 

».     d. 

Wax 7    2| 

Spermaceti    6    8 

Tallow  2     8 

Sperm  oil 1  10 

Coalgas    0    4£ 

Cannel  gas    0    3 

Paraffin 3  10 

Paraffin  oil  0    5 

Kock  oil    0    Q\ 

Thus,  from  an  economical  point  of  view,  the  rock-oil  and  the  paraffin-oil 
approach  gas  much  more  closely  than  any  other  illuminating  agent  hitherto- 
invented,  while  the  enormous  quantities  in  which  these  oils  are  now 
being  produced,  cannot  fail  to  make  them  still  lower  in  price.  They  may 
consequently  be  regarded  as  very  formidable  rivals  of  gas-light. 

The  following  table  contains  the  carbonic  acid  and  heat  generated  per 
hour  by  various  illuminating  agents,  each  giving  the  light  of  twenty 
sperm  candles: — 

Carbonic  acid.  -tr-of 

cubic  feet.  1WM# 

Tallow 10-1  100 

Spermaceti  7  q.q  1n 

Wax  5     Hd  13 

Paraffin 6"7  66 

Coalgas 5'0  47 

Cannelgas     4'0  32 

SS°n}     3-0  29 

This  table  shows  to  what  extent  the  atmosphere  of  rooms  is  deteriorated 
by  these  illuminating  agents.  It  shows  also  that,  from  this  point  ot  view, 
paraffin  and  rock-oils  stand  out  as  the  best  sources  of  light. 

The  chemical  and  physical  laws  upon  which  all  modes  of  artificial  illumi- 
nation depend  were  then  referred  to.  Every  method  of  artificial  illumi- 
nation depends  upon  the  heating  of  certain  bodies  to  such  a  temperature 
that  they  become  incandescent.  With  gases  this  temperature  is  much 
higher  than  liquids  and  solids.  There  is  only  one  instance  in  which  the 
incandescence  of  vapour  is  used,  and  that  is  the  mercurial  electric  light, 
already  alluded  to.  In  all  other  cases  the  incandescence  of  solid  bodies  is 
employed.  In  the  ordinary  method  of  obtaining  the  electric  light,  the 
incandescence  of  solid  prisms  of  carbon  is  the  source  of  luminosity.  In 
gas  and  oil  flames,  it  is  the  incandescence  of  little  particles  of  carbon,  and 
in  all  these  cases  the  light  is  produced  from  solid  matter.  The  luminosity 
of  any  flame  depends,  first,  upon  the  number  of  solid  particles  which  exist 
in  it  at  any  given  moment ;  and,  secondly,  upon  the  temperature  of  the 
flame.  The  number  of  solid  particles  is  dependent  upon  the  nature  of  the 
flame  itself,  whether  it  be  a  flame  produced,  by  the  burning  of  bodies  rich 
in  hydrocarbons,  or  by  the  burning  of  bodies  which  are  poorer  in  this  re- 
spect. Such  a  flame  is  always  affected  by  the  pressure  of  the  atmosphere  ; 
the  higher  the  pressure  of  the  air,  the  greater  the  number  of  luminous 
particles  of  carbon  present  at  one  time  in  the  flame.  If,  after  the  barome- 
ter has  been  standing  at  30  inches,  it  falls  to  29  inches,  the  light  of  all 
flames  is  reduced  to  the  extent  of  about  5  per  cent.  The  temperature, 
upon  which  the  luminosity  of  a  flame  also  depends,  may  be  increased  by 
heating  both  the  gas  and  the  air  supplied  to  it  for  combustion,  before  they 
are  brought  together  to  be  burned. 

The  speaker  exhibited  a  gas  lamp  which  he  had  constructed  to  effect 
this  object.  It  consisted  of  an  ordinary  argand  burner,  with  glass  chim- 
ney, but  furnished  with  an  outer  glass  cylinder  resting  upon  a  solid  plate 
of  glass,  through  the  centre  of  which  the  tube  supplying  the  gas  ascended. 
Thus  all  the  air  supplied  to  the  flame  was  compelled  to  pass  down  between 
the  chimney  and  outer  cylinder,  becoming  thereby  strongly  heated  before  it 
reached  the  flame,  whilst  considerable  heat  was  also  imparted  to  the  gas 
before  the  latter  issued  from  the  burner.  In  this  manner  a  great  increase 
of  light,  with  the  same  consumption  of  gas,  was  obtained. 

The  following  table  was  exhibited,  showing  the  effect  of  this  hot  air  gas- 
burner  in  reducing  the  consumption  of  gas  for  a  given  amount  of  light,  and 
thereby  also  the  impurities  and  heat  which  are  thrown  into  the  atmos- 
phere in  which  such  a  lamp  is  burned 
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Rate  of  eonsump-    T,,  _.     .. 
tion  per  hour.        Illuminating  power. 

3'3  cubic  feet  13    sperm  candles. 


I  37 

„         lo'o 

(.42 

]7 

f  2'2 

13 

2-6 

„        15'5 

(2-7 

167 

1  3*0 

197 

1^3-3 

„        217 

Argand  burner  supplied  with  cold  air 


Same  burner  supplied  with  hot  air 


For  an  equal  amount  of  light,  the  saving  of  gas  =  33  per  cent.  For  an 
equal  consumption  of  gas,  the  gain  in  light  =  62  per  cent. 

The  temperature  necessary  to  render  substances  incandescent  may  be 
imparted  to  them  in  various  ways.  It  may  be  given  directly  by  mechani- 
cal power,  as  in  the  "  steel  mills,"  formerly  used  in  coal-mines.  Usually 
however,  chemical  action  is  employed,  as  in  gas,  candle,  and  oil-flames;  or 
electricity  is  used,  as  in  the  various  forms  of  electric  light. 

The  conditions  necessary  for  a  good  and  satisfactory  artificial  light  were 
now  examined.  In  the  first  place,  the  light  should  contain  all  colours ; 
that  is,  it  should  be  capable  of  showing  every  variety  of  tint  which  will  be 
exposed  to  it.  This  is  the  case  with  the  carbon  electric  light,  and  that 
of  candle,  oil,  and  gas  flames,  since  the  light  from  these  sources  contains 
all  the  colours  of  the  spectrum.  But  there  are  many  colours  which  the 
mercurial  electric  light  is  incapable  of  showing,  since  they  are  absent  from 
its  spectrum.  It  was  also  shown  that  all  pure  colours,  except  yellow,  were 
perfectly  black,  when  seen  by  the  light  of  incandescent  sodium  vapour. 

Solar  light,  although  in  so  many  respects  superior  to  artificial  light,  is 
defective  as  regards  the  showing  of  colours.  There  are  certain  colours 
which  cannot  be  seen  by  solar  light — for  instance,  all  the  colour  which  can 
seen  by  the  sodium  flame  is  quite  invisible  in  daylight.  If  a  pigment  could 
be  made  of  such  a  yellow  colour  as  to  be  of  exactly  the  shade  of  that  pro- 
duced by  the  same  sodium  flame,  it  would  be  absolutely  black  in  solar  light. 
But  our  pigments  are  all  mixed  colours  and  no  such  pigment  which  thus 
entirely  disappears  in  the  light  of  the  sun  is  known.  But  in  addition  to 
this  tint  of  the  sodium  flame,  there  are  hundreds  of  other  tints  which  are 
also  not  present  in  the  solar  spectrum,  and  which  are  consequently  invisible 
in  daylight. 

Although  solar  light  is  inferior  to  artificial  light  in  the  completeness  of 
its  colours,  yet,  in  another  respect — in  the  comparatively  small  amount  of 
heat  which  accompanies  its  rays  in  proportion  to  the  light  itself — it  is  greatly 
supperior  to  every  sort  of  artificial  light.  The  great  amount  of  heat  in 
our  artificial  lights  is  absolutely  useless.  It  is  nearly  all  intercepted  by 
the  humours  of  the  eye  before  it  reach  the  retina,  and,  no  doubt,  produces 
that  irksomeness  which  is  felt  after  working  in  artificial  light  for  any 
considerable  time,  and  which  is  not  experienced  from  daylight. 

The  speaker  concluded  as  follows  : — The  history  of  artificial  illumination 
cannot  tail  to  impress  upon  us  the  difficulties  in  the  way  of  the  application 
of  scientific  discovery  to  the  utilities  of  life.  How  long  was  it  after  the 
discovery  of  the  production  of  gas  from  coal,  before  a  manufacturer  could 
be  found  to  bring  it  into  actual  operation?  Thirty  years  ago,  work- 
ing in  his  laboratory  at  Blansko,  Ueichenbach  showed  us  the  process 
by  which  we  could  obtain  paraffin  and  paraffin-oil  from  bituminous  coal ; 
but  the  discovery  remained  unheeded  for  twenty  years.  Uore  than 
thirty  years  ago,  .Mr  Faraday  pointed  out  a  source  of  the  electric  light 
in  the  permanent  magnet;  but  we  are  only  now  beginning  to  use  it  for 
illuminating  purposes.  The  brilliant  little  spark  was  long  looked  upon 
as  a  mere  scientific  curiosity,  and  is  only  now  beginning  to  flash  across 
the  sea,  guiding  the  mariner  safely  into  harbour,  or  warning  him  from 
approaching  a  dangerous  coast.  Sow  long  will  thermo-electricity  bare 
to  wait  bit  on  ;t,  receives  l  EHCiiir  appL  otion"  In  thermo-electricity  we 
have  a  direct,  transformation  of  the  force  of  heat,  which  we  obtain  with  such 

great  economy  from  coal,  into  an  electric  current,  and  this,  |>y  further 
education  and  development,  might  be  rendered  available  in   the  production 

oft  lie  electric  light.  Hitherto,  its  application  in  this  direction  has  been 
altogether   unheeded,  and  yet.  of  nil  source*  of   power  necessary  for  the 

electric     light,      thermo-electricity      evokes      this      power     most     directly 

from  coal.  In  the  magneto-electric  light  we  have  'lie  great  disadvan- 
tage, thai  the  heat  of  burning  coal  musl  be  flrsf  transformed  into  mecha- 
nical power,  which  is  mule  to  rotate  the  armatures  of  magneto,  and  thus 
produce  tin'  necessary  electric  current.  In  this  transformation  of  beat 
into  mechanical  power  there  is  no  less  than  9-10thi  of  the  original  force 
in  the  coal  absolutely  lost.  Hence  the  advantage  which  would  result 
from  tin-  direct  application  of  heat  to  the  production  of  the  electric 
current. 

The  man  of  science  rejoices  in  the  discover]  of  truth  for  its  own  sake. 
Be  give  his  results  freen  to  the  world.  It  Is  no  par)  of  his  duty,  il  Is  not 
his  function,  to  apply  those  truths  to  the  utilities  of  life.  Success  in  this 
direction  demnnds  quite  different  powers  <>i  mind.  I  hose  who  possess 
these  powers  ought  also  to  acquire  the  necessary  knowledge  which  would 
enable  them,  with  more  facility,  to  seize  upon  the  discoveries  of  science, 

and  apply  thcru  to  the  wauls  of  ev.-.vdiy  life.  This  scientific  knowledge 
is  the  link  which,  up  to  the  present  ti ,  has  so  sadly  failed  in  the  appli- 
cation of  science  to  the  manufacturing  art-. 


ON  FOGS  AND  FOG  SIGNALS. 
Br  Jorrx  Hall  Gladstone,  Esq.,  Ph.D.,  F.R.S. 

During  the  course  of  the  inquiry  made  by  the  Royal  Commission  on  Lights, 
Buoys,  and  Beacons,  the  attention  of  my  colleagues  and  myself  was  called  to  the 
fog  signals  which  form  part  of  the  apparatus  of  many  lighthouses,  and  of  all 
British  light-ships.  In  the  report  we  expressed  our  conviction,  "  that  they  are 
not  sufficiently  powerful,  and  recommend  the  provision  of  a  more  efficient  warn- 
ing in  fog  as  subject  of  investigation  and  experiment."  About  the  same  time, 
some  scientific  men  in  Ireland  stirred  in  the  matter,  and  induced  the  British 
Association  to  appoint  a  committee,  at  the  head  of  which  is  the  Kev.  Dr.  Robin- 
son, of  Armagh,  to  bring  the  importance  of  the  subject  more  directly  under  the 
notice  of  the  legislature.  These  circumstances  led  me  to  turn  my  attention  to 
fog;  and  I  propose  now  to  lay  before  you  some  of  the  results  arrived  at,  with 
reference  both  to  the  meteorological  phenomenon  itself,  and  to  the  means 
adopted  for  preventing  its  disastrous  consequences  among  the  vessels  that  sail 
along  our  shores. 

I  have  received  voluminous  returns  of  the  occurrence  of  fog  at  about  250  sta- 
tions, for  which  I  am  indebted  to  the  kindness  of  the  three  general  Lighthouse 
Boards, — the  Trinity  House,  the  Northern  Commissioners  of  Lighthouses,  ami 
the  Ballast  Board  of  Dublin  :  also  to  the  Board  of  Trade,  through  Admiral  Fitz- 
Roy  ;  and  to  Mr.  Glaisher.  I  wish  here  also  to  express  my  thanks  to  several 
gentlemen  wdio  have  aided  me  in  the  preparation  of  this  discourse,  especially 
Mr.  Alexander  Cuningham,  who  has  just  read  a  paper  on  the  subject  at  the 
Royal  Scottish  Society  of  Arts,  and  to  our  friend  Professor  Whoatstoue. 

Fogs. 

A  fog  is  simply  a  cloud  resting  on  the  earth.  In  the  first  discourse  of  the 
present  season,  Professor  Tyndall  explained  the  formation  of  clouds  from  the 
aqueous  vapour  in  the  atmosphere;  and  defined  a  cumulus  as  "the  visible 
capital  of  an  invisible  column  of  saturated  air."  A  fog  is  the  capital  without 
the  column.  It  is  the  moisture  evaporating  from  the  warm  earth,  or  river,  or 
sea,  condensed  at  once  by  the  colder  air.  Mr.  Glaisher  told  us  here  how,  from 
his  loft j'  position  in  the  balloon,  he  saw  a  fog  following  all  the  windings  of  the 
Thames.  This  is  a  frequent  observation,  and  it  reminded  me  of  a  scene  from 
the  summit  of  the  Righi  one  morning  last  summer.  There  lay  in  the  valley  of 
the  lieuss  a  mist  like  a  white  sheet  on  the  ground,  but  as  the  sun  began  to  exert 
his  power,  and  a  light  breeze  to  spring  up,  the  uniform  layer  began  to  break  into 
regular  masses,  and  soon  far  beneath  us  there  stretched  a  cirrus  cloud,  identical 
in  aspect  with  those  we  so  often  see  in  the  highest  regions  of  the  atmosphere. 

Fog,  then,  is  composed  of  minute  particles  of  water,  most  likely  in  n  globular 
form,  for  there  seems  to  be  no  ground  for  the  popular  notion  of  vesicles  of 
vapour.  Smoke  enters  largely  into  the  composition  of  that  peculiar  yellow  fog 
which  visits  London  a  few  times  each  year, — B  fog  of  wonderful  darkness  and 
quietness,  and  strangely  bewildering. 

This  condensed  vapour  has  a  great  effect  in  obstructing  the  passage  of  light; 
the  sun  himself  cannot  look  through  it.  A  slight  mist  seems  to  attack  princi- 
pally the  more  refrangible  rays  of  the  spectrum,  so  that  the  light  appears  redder 
than  usual.  I  once  analysed  with  a  spectroscope  the  rays  which  reached 
Worthing  from  the  great  revolving  light  on  Reachy  Head,  twenty-eight  miles 
distant,  and  found  that  those  only  situated   between    Kraiiiiholcr's  lines  ('  and  F 

were  transmitted.  This  ".is  on  what  would  he  called  a  dear  summer  night.  All 
objection  has  been  raised  against  the  orange-red  glass  used  in  many  ot  the 
French  lighthouses,  that  in  misty  weather  all  bright  lights  are  reduced  to  very 
nearly  that  colour,    and  thus  the  distinction   is   lost  :  a   misfortune   that  could 

hardly  happen  with  the  deep-red  gla-s  employed  for  the  red  lights  of  the  British 

Me-.      When   the  sun   shines  through   a  cloud   or   mist,  we  do  not  detect    those 

atmospheric  lines  which  make  their  appearance  when  his  disc  is  near  the 

horizon.  Vet  I  have  observed  in  London,  when  the  sun  at  a  Considerable  alti- 
tude loomed  red  through  a  slight  tog,  that  the  characteristic  C  6,  5,  and  v  vv  re 
visible. 

There   is,  of  course,  every  conceivable  gradation   between  the  lightest  haze  and 

the  densest  fog,  and  it  is  a  difficult  matter  to  draw  a  line  ol  distinct  ion  between 
ad  mist    The  value  of  the  meteorological  returns  in  my  possession  depends 

greatly  on  this,  and  there  is  reason  to  tear,  even  from  internal  evidence,  that  one 

lighthouse  keeper  calls  by  the  name  of  fog  what  another  keeper  tbinka  sutli- 
eientiv  described  as  mist  or  haze.  Vet  these  keepers  havi  i ain  general  sen- 
timent and  similarity  in  their  way  c, I  thinking,  and  with  inanv  the  prai 
definition  of  a  fog  is  when  it  is  necessary  t..  sound  the  signal  Among  amateur 
observers  on  land  the  greatest  disorenancj  prevails;  but  nautical  men  seem  to 
have  g  general  agreement  »•  to  what  amount  "t  thiokni  is  is  to  give  a  claim  t.> 

ition  tog.     For  such  observations  Mr. Cuningham  suggests  ti. 
pole,  painted  vermilion,  should  he  set  np  at  a  hundred  yards  from  the  station, 

and  that  lUcfa  an  amount  of  mistiness  a-  renders  it  invisible  should  alone  he 
named  log.      The  colour  ol    the    pole  should,  of  O0UTSO,  he  in    strong    I tTSSt  to 

the  objects  bel 1  it.      This  definition  is  s, iwhore  about    that    practically 

adopted  by  seamen i  it  has  been  socepted  bj  Mr.  Glaisher,  and  it  is  to  he  hoped 
that  it  will  he  generally  adopted  bj  all  obaervi 
Prom  the  i.  •  red,  the  following  deductions  may  be  drawn  ■. — 

i.  wini.  ire  quite  partial  in  their  charaoter,  others  cover  a  Is 
extent  oi  country.  The  irregular  distribution  "fa  London  Fog  Is  a  matter  of 
frequent  observation,  Tim-.  I  r.thcdaj  ot  the  royal  wadding,  one  of 
the  densest  yellow  log-  obscured  Westminster,  while  at  Imj  water  then 
nothing  more  than  a  murk  j  mist.  The  long-oontinned  fo|  ol  November  last  in 
Loud. ,u,  extending  from  the  19th  to  thi  sd  also  at  Berkbamp- 
•toad,  <  Moid,  and  r.anhiirv ,  hut  other  i  ind  -■  •  hi  to  have  h, ,  n  clear. 
The  oocnrrsni  at  tho  lurhthousi  11  round  the  coast  during  the 
iths  of  the  year  1861  d  iallj  studied,  and  the  t,,,  ..t  that 
April  have  been  represented  on   i  map,    Boi fthsi ver  largo  portions  ol 

tie   British    I  instance,  that    ot    the  1  It'i   itTStcbod   all    round    Ireland, 
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except  the  south-west  comer,  crossed  the  Irish  Sea  to  the  headlands  of  Wales 
and  the  south-western  isles  and  coasts  of  Scotland,  and  made  its  appearance 
again  across  the  mainland  in  the  Firth  of  Forth. 

2.  Some  months  are  marked  by  fogs  much  more  than  others.  For  instance, 
alon°-  the  south  coast  of  England,  February  and  September  are  comparatively 
free,  while  January  and  June  are  foggy  months.  November  is  notorious  for 
fog  in  London,  but  does  not  seem  to  deserve  that  character  elsewhere. 

3.  Some  .years  are  much  more  visited  by  fogs  than  others.  For  instance,  1861 
was  freer  than  1858  along  most  parts  of  the  coast. 

4.  Different  localities  are  very  variously  visited  by  fog.  England  does  not 
deserve  that  pre-eminent  character  for  mistiness  which  is  attributed  to  it  by  the 
popular  imagination  of  the  Continent.  The  value  of  the  returns  in  showing  the 
relative  distribution  of  fog  in  different  places  is  seriously  affected  by  the  different 
standards  in  the  minds  of  the  observers,  but  the  following  points  seem  pretty 
clearly  made  out : — A  fog  is  more  uniformly  distributed  over  the  surface  of  the 
sea  than  on  the  adjoining  coasts.  Fog  is  not  particularly  prevalent  about  sand- 
banks, or  low  headlands ;  hut  where  cliffs  or  high  hills  catch  the  south-west  wind 
just  after  it  has  swept  the  ocean,  as  at  the  Isle  of  Wight,  the  Start  Point,  Lundy 
Island,  and  the  Rocks  of  Pembrokeshire,  the  numbers  run  very  high.  The 
highest  return  is  from  Barra  Head,  the  southernmost  point  of  the  Hebrides, 
where  winds  surcharged  with  moisture  from  the  Gulf  Stream  strike  the  cold 
northern  rocks,  and  wrap  them  in  cloud  or  fog. 

Fog  Signals. 

As  light  only  very  imperfectly  penetrates  a  fog,  attempts  have  been  made  to 
warn  vessels  of  their  approach  to  danger,  or  to  acquaint  them  with  their  position, 
by  means  of  sound.  The  fog  signals  actually  in  use  are  as  follows : — Bells  are 
employed  at  many  of  the  lighthouses,  and  in  the  Irish  light-ships,  the  finest, 
perhaps,  being  two  near  Dublin,  and  that  at  the  Copeland  Island,  in  the  Irish 
sea,  which  is  rung  \yj  machinery,  and  is  said  to  have  been  heard  thirteen  miles 
off.  At  the  end  of  the  pier  at  Boulogne  there  is  a  large  bell,  in  the  centre  of  a 
large  parabolic  reflector  facing  [the  sea.  It  is  struck  by  three  hammers  alter- 
nately, the  motive  power  being  a  falling  weight.  Gongs  are  made  use  of  in  all 
the  light-vessels  belonging  to  the  Trinity  House.  Guns  are  fired  on  board  the 
ICisJi  light-ship,  from  the  mountain  above  the  South  Stack  Lighthouse,  at  Fleet- 
wood, and  elsewhere.  A  veiy  powerful  steam-whistle  has  for  some  time  been 
in  operation  at  Partridge  Island,  near  St.  John's,  New  Brunswick,  a  part  of  the 
world  peculiarly  affected  by  fog. 

At  the  Skerries,  near  Holyhead,  terns  and  other  sea-birds  are  encouraged,  as 
their  cries  serve  as  a  warning  to  vessels  during  fog ;  but  unfortunately  some  rats 
escaped  from  the  Regidus,  which  was  wrecked  there  about  seven  years  ago,  and 
they  are  destroying  the  birds.  A  cat  has  been  tried,  but  she  preferred  birds 
to  rats. 

The  comparative  efficiency  of  these  various  methods  is  a  very  serious  question  ; 
indeed,  there  are  grave  objections  to  the  use  of  sound  at  all  as  a  fog  signal.  The 
difficulties  are  as  follows  : — A  sound  indicates  the  proximity,  but  not  the  exact 
direction,  of  a  danger.  In  this  respect  it  is  totally  different  from  a  light.  Yet 
the  mere  warning  is  something  ;  and  probably  a  suitable  ear-trumpet  would  give 
abettei'ideaofthedirectionthanis  obtained  without  it.  There  is  evidence  that  vessels 
have  sometimes  steered  by  a  sound;  for  instance, — "In  the  winter  of  1860,  the 
steamer  Iron  Duke  having  been  drawn  by  the  flood  tide  to  the  northward  past 
Howtb,  was  attracted  by  the  sound  of  the  bell,  and  steered  by  it  safely  towards 
Kingston,  until  the  bell  on  the  east  pier  of  that  harbour  told  her  of  her  proxi- 
mity, and  ultimately  led  her  into  safety."  The  Ro}ral  Commissioners  on  Lights 
made  special  inquiry  about  the  Boulogne  bell,  and  found  that  some  of  the  cap- 
tains of  steamers  frequenting  that  port  could  find  their  way  in  by  the  sound  of 
the  bell,  in  thick  weather ;  at  least,  in  conjunction  with  the  use  of  the  lead. 

An  objection  to  the  use  of  most  of  these  fog  signals  is  the  fear  that  they  may 
be  mistaken  for  other  sounds,  or  other  sounds  mistaken  for  them.  Bells  are  fre- 
quently being  rung  on  shipboard;  the  firing  of  guns  is  the  well-known  sign  of 
distress ;  and  steamers  in  a  fog  are  in  the  habit  of  whistling  as  they  go  along. 
Gongs  do  not  seem  open  to  this  objection;  and  in  the  case  of  other  sounds,  it 
might  be  obviated  by  having  a  definite  system  of  repetition,  as  is  done  with  the 
flashing  and  revolving  lights.  My  friend,  the  Rev.  T.  Pelham  Dale,*  has  indeed 
suggested  a  means  of  signalling,  in  which  musical  notes  are  employed. 

Another  difficulty  is,  that  even  loud  sounds  cannot  be  heard  far  to  windward 
if  a  breeze  is  blowing ;  bnt  this  is  of  less  importance,  as  a  fog  usualty  occurs  in 
calm  weather. 

But  the  great  objection  to  sound  as  a  fog  signal  is,  that  a  fog  stops  the  waves 
of  sound  as  it  does  those  of  light.  It  is  well  known  that  sound  will  not  traverse 
a  heterogenous  medium,  such  as  air  loaded  with  mist.  As  to  the  fact  of  such 
signals  being  rendered  inefficient  by  the  very  thing  which  they  are  intended  to 
penetrate,  the  testimony  of  mariners  is  somewhat  conflicting.  Mr.  Alexander 
Cuningham,  who  is  the  secretary  of  the  Northern  Commissioners  of  Lighthouses, 
says  : — "  Many  years  ago,  having  landed  from  the  lighthouse  tender  on  the  small 
skerry  in  the  Portland  Firth,  a  fog  came  on.  We  hurried  off  in  the  hope  of 
reaching  the  vessel;  but  before  doing  so,  the  fog  shut  her  completely  from  our 
view.  We  pulled  in  the  direction  (having  a  compass)  in  which  the  tender  was 
last  seen  ;  but  those  who  know  the  variety  and  rapidity  of  the  tides  in  that  dan- 
gerous locality  will  easily  be  prepared  to  hear  that  our  efforts  were  unsuccessful. 
We  lay  about  the  spot  for  some  time,  firing  our  fowling-pieces,  and  at  last 
pulled  for  the  shore.  Next  morning  the  vessel  came  in  sight;  and  on  com- 
paring notes,  we  found  that  we  must  have  been  within  a  very  short  distance  of 
her;  and  they  had  been  firing  small  six-pound  carronades  all  night,  and  we 
never  heard  them,  nor  did  those  on  board  hear  our  guns." 

Yet,  on  the  other  hand,  we  have  accounts  of  bells  being  heard  at  a  distance  of 
some  miles  during  a  fog.  and  the  steam-whistle  near  St.  John's  is  said  by  the 
captains  and  pilots  of  steamers  frequenting  that  port  to  be  most  serviceable,  and 
to  be  generally  heard  for  four  or  six  miles  during  strong  breezes  blowing  on 
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shore.  It  is,  indeed,  quite  possible  that  fogs  of  the  same  intensity  may  still 
have  a  very  different  effect  upon  the  same  signal,  and  that  for  two  reasons ;  first, 
one  fog  may  reach  far  up  into  the  atmosphere,  presenting  a  hign  wall  to  every 
vibration  ;  while  another  may  be  a  thick  layer  lying  on  the  surface  of  the  earth, 
with  an  open  space  above,  through  which  the  swelling  waves  of  sound  may 
freely  pass.  Secondly,  air  perfectly  saturated  with  moisture  is  no  bad  con- 
ductor of  sound  ;  a  fog  under  such  atmospheric  conditions  may  therefore  be  far 
less  obstructive  than  when  the  medium  is  more  heterogeneous. 

Considering  these  objections  to  the  use  of  sound  as  a  fog  signal,  must  we 
abandon  it  altogether  ?  We  cannot  do  so,  as  we  have  nothing  better  to  substi- 
tute. We  fall  back  upon  the  recommendation  of  the  Royal  Commission,  that 
further  experiments  should  be  made,  which  it  is  hoped  will  be  gradually 
adopted  by  the  authorities,  as  the  majority  of  the  other  scientific  recommenda- 
tions have  been. 

Experiments  should  be  performed  on  the  manner  and  degree  in  which  fog 
absorbs  or  destroys  sounds  of  different  pitch,  or  of  different  characters, — for 
instance,  a  sharp  sound  or  a  prolonged  sound ;  on  the  various  means  of  pro- 
ducing loud  sounds,  as  to  their  pitch,  volume,  convenience,  costliness,  &c; 
whether  a  repetition  of  the  same  sound,  or  some  variation  in  note,  octave,  fre- 
quency, &c,  be  desirable ;  on  the  influence  exerted  by  the  height  above  the  sea 
at  which  the  sound  originates  ;  on  the  influence  of  a  background,  such  as  a 
tower,  cliff,  or  hill,  in  reflecting  the  sound,  or  of  a  concave  mirror ;  on  the  best 
means  of  directing  a  sound  to  a  particular  azimuth,  or  of  determining  its  direc- 
tion when  on  board  ship. 

Captains  Close  and  Nisbet,  of  the  Trinity  Board,  have  made  some  experi- 
ments on  one  of  these  points  at  Holyhead  Mountain,  where  a  gun  was  fired 
from  near  the  surface  of  the  sea,  and  another  at  a  considerable  height,  and  the 
respective  reports  were  listened  to  from  various  distances  at  sea.  They  found 
the  upper  gun  was  heard  best  for  six  miles,  after  which  it  lost  its  superiority 
But  the  most  remarkable  result  was  the  irregularity  of  the  noise  from  the  lower 
gun,  which,  at  certain  points,  in  fact,  was  not  heard  at  all,  though  the  flash  was 
distinctly  seen. 

Powerful  means  of  producing  sound,  besides  those  already  mentioned,  have 
been  suggested.  Mr.  Cowper  has  planned  a  large  steam-trumpet  for  lighthouse 
stations,  which  may  be  made  to  revolve.  There  is  something  similar  in  America 
worked  by  Ericsson's  engine,  with  which  is  associated  the  name  of  Mr.  Daboll. 
And  Professor  Holmes,  of  the  Magneto-Electric  Light,  has  also  a  steam-trumpet, 
which  can  be  adapted  for  different  notes,  and  gives  a  buzzing  sound  of  wonder- 
ful intensity.  Suggestions  on  this  point  were  also  made  to  the  Royal  Commis- 
sioners by  several  scientific  men.  Thus,  horns  were  strongly  recommended  by 
more  than  one ;  but  Mr.  Mallet  prefers  explosive  sounds ;  and  Sir  John  Herschel 
says  : — "  It  would  be  worth  trial,  what  would  be  the  effect  of  a  battery  of 
whistles,  blown  by  high-pressure  steam,  or  by  a  combination  of  three,  or  several 
sets  of  three,  pitched  exactly  to  harmonic  intervals  (key-note,  third,  fifth,  and 
octave),  but  all  of  a  very  high  pitch,  and  with  a  rattle  (analogous  to  the  pea  in 
a  common  whistle),  which  intensifies  the  action  on  the  auditory  nerve."  Captain 
Ryder  believes  a  gun  might  be  constructed  to  produce  the  very  distinctive  sound 
of  an  explosion,  followed  instantaneously  by  a  whistle. 

There  is  another  and  very  promising  field  for  experiment,  the  transmission  of 
sound  through  the  water  itself.  The  experiments  of  M.  Colladon  on  the  Lake  of 
Geneva  proved  the  great  distance  to  which  sound  is  transmitted  through  water, 
and  the  velocity  and  directness  of  its  course.* 

In  his  observations  he  employed  a  bell,  let  down  into  the  water ;  but  this  is  a 
bad  instrument  for  signalling,  as  its  vibrations  are  almost  instantly  stopped. 
Many  arrangements  would  appear  to  be  preferable.  The  Syren,  which  was  so 
called  by  its  inventer,  M.  Cagniard  de  la  Tour,  because  it  would  sing  under 
water,  is  well  adapted  to  give  any  note  that  is  found  desirable.f  Long  glass 
tubes,  vibrating  longitudinally,  are  said  to  produce  immense  volumes  of  sound  in 
water :  and  other  means  might  be  devised.  As  the  sound  remains  in  the  water, 
it  would  be  necessary  to  make  some  communication  between  it  and  the  ear  of 
the  listener.  M.  Colladon  employed  an  apparatus  like  a  spoon,  with  a  tube  for 
handle.  By  this  means  a  mariner  might  listen  for  signals  made  at  any  impor- 
tant station,  such  as  the  Lizard  Point,  and  might  not  only  hear  them  at  a  great 
distance,  but  determine  approximately  their  direction,  unaffected  by  the  state  of 
the  atmosphere  above. 
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On  the  evening  of  Saturday,  the  14th  of  March,  the  tenth  anniversary  of  the 
formation  of  the  above-named  society  was  celebrated  by  a  dinner  at  the  Bay  Tree 
Tavern,  St.  Swithen's-lane,  City.  Mr.  Keyte,  of  the  firm  of  Messrs.  Shears  and 
Sons,  of  Bankside,  presided  on  the  occasion,  and  about  sixty  members  and  friends 
of  the  association  were  present.  It  had  been  determined  some  months  previously 
to  present  to  the  President  a  testimonial  in  recognition  of  the  services  he  had  for 
many  years  past  gratuitously  rendered  to  the  society,  and  the  celebration  of  the 
anniversary  was  considered  the  most  appropriate  time  for  the  ceremony.  Mr. 
Joseph  Newton,  who  for  the  last  five  years  has  occupied  the  honourable  post 
named,  was  accordingly  the  principal  guest  at  the  dinner.  After  the  usual  loyal 
and  patriotic  toasts  has  been  duly  proposed  and  responded  to,  and  that  of  "  Pros- 
perity to  the  Association  "  had  been  given  by  the  chairman  of  the  evening,  Mr. 
Keyte  proceeded  to  present  to  Mr.  Newton  the  testimonial.  This  consisted  of 
several  articles  of  plate,  the  principal  of  which  were  a  salver  of  considerable  di- 
mensions, an  inkstand  of  chaste  design,  a  goblet,  and  a  liqueur  stand.  In  very 
complimentary  terms  these  were  formally  presented  to  the  President  bj-  Mr. 
Keyte,  who  concluded  his  remarks  by  proposing  the  health  of  the  recipient,  which 
was  heartily  responded  to. 


*  Memoires  de  l'Acadamie  des  Sciences  :  Des  Savans  Etrangers.- 
t  Ann.  Chim.  Phys.  xii.,  page  171. 


-Tome  v. 
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UNITED  STATES  GUN  BOATS. 

As  a  great  deal  has  been  said  about  the  gun-boat  flotilla  of  the  United 
States,  we  herewith  give  for  the  information  of  our  readers  three  views 
of  one  of  these  vessels,  showing  the  general  arrangement  of  the  boilers 
and  machinery. 

Our  illustrations  are  taken  from  the  plans  furnished  by  the  United 
States  Navy  Department  to  the  several  shipbuilders  and  engineers,  who 


were  called  upon  to  send  in  estimates.  Fig.  1  being  a  trauverse  section 
of  portion  of  the  hull,  Fig.  2  a  longitudinal  section,"  and  Fig.  3  being  a 
part  plan,  Fig.  1  being  drawn  to  an  enlarged  scale.  We  regret  and 
are  surprised  to  find  that  such  a  very  objectionable  form  of  boiler  should 
have  been  selected  for  this  purpose.  We  allude  more  especially  to  the 
height  of  the  top  of  boiler  above  the  water  line.  This  will  be  apparent 
to  the  most  inexperienced  person,  on  reference  to  fi^s.  1  and  2. 


Fig.  1. 


WATfrt  LINE 


Km..  3. 


TRIAL  OK  THE  IRON-CLAD  PRIG  \TK.  "  PRINZ  El  UBJ  I  EUAN 

NAVY.) 
We  learn  from  the  '/'.■•   '   •  /.    '  ti  ,  thai  on  the  ir -_. 1 1  ■  ol  M  irch  the  iron-clad 
frigate  JVin    /■'■■       underwent  a  19  houri'  trial,  »  ■  1 1  ■  a  view  to  teal  the  working 
ol  the  engine*,  which  had  been  supplied  by  the!  iblishment. 
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fac-siruile  of  those  working  on  board  tin-  iron-clad  fi 

friiiy  supplied  by  tin  iliahment.    The  following  an  the 

chief  particulars  at  t"  dimensions,  Ac.,  of  the  en  Nominal 

power,  650  ;  cylinders  74in.  diameter ;  atroke,  38in.    There  an   8  tubular  t 
each  -I  tin  in  having  •">  I 


rheworkingofthaangineawH  highly  i 
power,  oomputed  from  .  nrefull)   tal 

•  power,  U,  I*  times  the  nominal  power.    TI,. 
t«om  maximum,  67  per  minute,  at  which  spo 

without  interruption  <lnrii.tr  several  hours,  without  any  ..; 

is.    The  .!•■  :  ol  the  fri 

■  ■i  19  bonra,  wu  compnted  M   L9  naul  ■ 
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The  iron-clad  frigates  of  the  Austrian  Navy  were  designed  by  and  erected  under 
the  superintendence  of  the  I.  R.  Chief  Engineer,  Herr  Romako,  and  reflect  con- 
siderable credit  upon  him  as  a  naval  architect.  The  following  is  a  return  of 
the  engines  built  for  the  Austrian  Government  at  the  Trieste  Technical 
Establishment  during  the  last  eleven  years. 

H.P. 

100  for  I.R.  steamship  Taurus. 

40  for  I.R.  steamship  Alnoch. 
180  for  I.R.  steamship  Prinz  JEugen. 
300  for  I.R.  frigate  Donau. 

230  for  I.R.  corvettes  Dandalo  and  Erzherzog  Friedrich. 
800  for  I.R.  line-of-battle  ship  Kaiser. 

50  for  I.R.  gunboat  for  the  Lagunes. 

90  for  I.R.  gunboats  Kerka,  Narenta,  Sansego. 

90  for  I.R.  gunboat  for  the  Gar  in  Lake. 

90  for  I.R.  gunboat  Gemse  and  Grille. 
500  for  I.R.  iron-clads  Drache  aud  Salamander. 
500  for  I.R.  frigate  Novara. 
650  for  iron-clads  Kaiser  Max,  Prinz  JEugen,  and  Don 

Juan  d' Austria, 

6470  Total  horse-power. 


Pairs 

1851- 

of  Engines 
57         1 

33 
31 
3) 

1 

1 
1 

2 

1858 

1 

1859 
1860 

3 
3 

6 

1861 

2 
2 

1 

1862 

3 
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THE   THAMES   EMBANKMENT. 

Iu  a  report  to  the  Metropolitan  Board  of  Works,  Mr.  Bazalgette  says, — 
"  The  total  length  of  the  embankment  is  about  7000  feet,  but  it  is  com- 
pletely divided  by  the  bridges  into  three  sections,  each  of  which  will  be 
viewed  by  itself,  and  the  line  of  vision  will  not  ordinarily  be  continued 
from  one  section  to  the  other.  The  first  section  is  from  Westminster 
to  Hungerford  Bridge,  the  second  from  Hungerford  Bridge  to  Waterloo, 
and  the  third  from  Waterloo  to  Blackfriars  Bridge. 

"  A  continuous  line  of  embankment  wall  would  not  in  itself  be  pro- 
ductive of  much  architectural  effect :  the  present  landing-places  for  steam- 
boats are  exceedingly  ugly,  and  there  would  be  much  difficulty  in  connecting 
the  river  wall  with  the  existing  bridges,  so  as  to  produce  an  effective 
and  consistent  design. 

"  At  each  of  the  bridges  there  are,  and  must  be,  landing-places  for 
steamers;  and  midway  between  the  bridges  there  are  landing-places  of 
some  description,  which  will  have  to  be  maintained. 

"  To  meet  these  requirements,  it  is  proposed  to  treat  each  length  of 
embankment  from  bridge  to  bridge  as  a  complete  design,  and  to  make 
the  steamboat -piers  and  landing-places  prominent  and  effective,  as  well 
as  useful  and  necessary  features. 

"  At  Westminster  Bridge,  the  roadway,  which  rises  at  an  inclination  of 
1  in  80  to  the  level  of  the  bridge,  is  set  back  some  30  or  40  feet  from  the 
face  of  the  embankment  wall;  and  the  intervening  space  would  be  pre- 
served as  a  promenade  and  steam-boat  pier,  having  access  from  the  bridge 
by  a  wide  and  imposing  flight  of  steps  opposite  the  Houses  of  Parliament. 
This  will  terminate  without  abruptness  the  varying  styles  of  architecture 
at  this  point.  Between  Westminster  and  Hungerford  Bridges  would  be 
the  landing-stairs  for  small  craft ;  and  here  it  is  proposed  to  introduce  the 
beautiful  water-gate  now  situate  at  the  end  of  Buckingham-street,  and 
erected  after  a  design  of  Inigo  Jones.  On  either  side  of  Hungerford  and 
Waterloo  Bridges  would  be  steamboat  landing-piers,  the  dummies  for 
which  would  be  partly  concealed  within  recesses  formed  by  projecting  into 
the  river,  in  front  of  the  general  line  of  embankment,  massive  granite 
piers  with  moulded  pedestals  rising  about  30ft.  above  the  roadway,  and  here- 
after to  be  enriched  with  bas-reliefs  and  surmounted  by  groups  of  statuary. 
"  Half  way  between  Hungerford  and  Waterloo  bridges  it  is  proposed 
to  construct  a  flight  of  landing  steps  60ft.  wide,  projecting  into  the 
river,  and  flanked  at  each  end  with  massive  piers,  rising  to  the  level  of 
a  few  feet  above  the  roadway,  and  hereafter  to  be  surmounted  with  colossal 
figures  of  river  deities,  or  other  appropriate  groups.  It  is  proposed  to  form 
an  approach  for  foot  passengers  from  the  high  level  roadway  to  the  river  by 
a  second  flight  of  steps,  descending  to  the  level  of  the  lower  or  embank- 
ment roadway,  which  would  add  much  to  the  effect  of  this  central  feature 
as  viewed  from  the  river.  On  either  side  of  this  approach,  a  line  of  shops 
could  he  erected  on  the  land  side  of  the  embankment  roadway,  the  backs 
of  which  woald  form  a  retaining  wall  to  the  ornamental  crescent  f.nd 
promenade  above  them. 

"  Between  Waterloo  and  Blackfriars  bridges,  and  in  front  of  Arundel- 
street,  a  steamboat  pier  would  be  constructed,  in  lieu  of  the  present  Essex- 
street  pier,  designed  upon  the  same  principle  as  those  adjoining  the  bridges. 
_  "The  embankment  wall  itself  has  been  enriched  with  mouldings  of  a 
simple  character,  down  to  the  level  of  high-water  mark,  the  continuous 
line  of  moulding  being  broken  by  the  introduction,  at  intervals,  of  massive 
blocks  of  granite,  to  carry  ornamental  lamps,  and  bv  occasional  recesses 
for  promenade  seats. 

"  It  is  proposed  in  the  first  instance  to  construct  the  embankment  wall 


and  fill  in  behind  it  to  the  level  of  4  feet  above  Trinity  high-water  mark, 
and  afterwards  to  arrange  for  the  laying  out  of  the  area  reclaimed.  I 
propose  to  divide  the  work  into  two  contracts,  the  first  from  Westminster 
to  Waterloo  Bridge,  which  may  be  let  about  the  end  of  May  or  early 
in  June;  and  the  second  from  Waterloo  to  Blackfriars  Bridge,  which 
may  be  let  before  August  next." 

The  number  of  houses  required  to  be  taken  for  the  construction  of 
the  Thames  Embankment  on  the  north  side  of  the  river,  situate  in 
Printer's  Street,  Huish  Court,  Currier  Row,  Jackson's,  Canterbury,  and 
Green  Dragon  Courts,  in  St.  Anne's  Blackfriars,  amounts  to  thirty -two, 
consisting  of  tenements  containing  from  three  to  eight  rooms,  and  the 
number  of  persons  to  be  displaced  thereby  437,  children  included.  The 
number  of  houses  to  be  taken  for  the  construction  of  the  Southern  Em- 
bankment in  High  Street,  Vauxball,  Princes  Street,  Upper  and  Dower 
Streets,  and  Stangate,  in  Lambeth,  is  we  understand,  124,  including  seven 
mode!  lodging-houses,  and  calculated  to  displace  1,175  persons,  including 
children. 


REVIEWS  AND  NOTICES  OF  NEW  BOOKS. 


London  and  its  Gas  Companies  ;  State  ani  Condition  of  the  Companies  supply- 
ing Gas  to  the  Metropolis,  described  in  a  letter  to  Her  Majesty's  Principal 
Secretary  of  State  for  the  Some  Department,  with  references  to  the  first 
accounts  made  out  by  each  Company,  in  accordance  with  the  Metropolis  Gas 
Act,  1860.  By  Samuel  Hughes,  P.G.S.,  C.E.  Waterlow  and  Sons,  49. 
Parliament  Street,  and  66,  London  Wall,  E.C. 

This  pamphlet  contains  a  complete  and  comprehensive  examination  of  the  pre- 
sent financial  condition  of  the  London  Gas  Companies,  showing  their  absolute 
proportional  capital,  their  incomes  from  various  sources,  and  their  expenditure 
under  appropriate  heads.  The  working  out  of  these  statistical  details  has  evi- 
dently been  a  work  of  great  labour,  and  is  based  upon  the  accounts  made  out  by 
the  Companies  themselves,  in  accordance  with  a  form  prescribed  by  the  late 
lamented  Home  Secretary,  Sir  George  Cornewall  Lewis,  under  the  provisions  of 
the  Metropolis  Gas  Act,  1860.  An  attentive  perusal  of  this  pamphlet  will 
show  conclusively  the  great  benefits  which  the  Metropolis  Gas  Act  has  placed 
within  the  reach  of  gas  consumers.  The  author  points  out  in  the  clearest  man- 
ner, that  if  the  capital  of  certain  extravagant  companies  be  reduced  to  that  of 
more  economical  ones,  the  profits  realised  by  the  whole  of  the  companies,  would 
vary  from  11  to  16  per  cent.,  according  to  the  companies  which  are  taken  for 
comparison.  Under  these  circumstances,  it  appears  that  on  every  principle  of 
justice  and  common  sense,  the  gas  consumers  throughout  the  metropolis,  are 
entitled  to  a  large  reduction  of  price,  inasmuch  as  the  companies  are  expressly 
limited  under  the  Gas  Works  Clauses  Act,  to  a  dividend  of  10  per  cent.  The 
Phoenix  and  the  South  Metropolitan  Gas  Companies,  have  already  been  compelled 
by  the  operation  of  the  Act,  considerably  to  reduce  their  prices,  and  it  only  re- 
quires action  on  the  part  of  the  consumers  to  compel  a  corresponding  reduction 
all  over  the  Metropolis. 

It  is  evident,  however,  that  the  working  of  the  Metropolis  Gas  Act  and  the 
carrying  out  of  its  ample  provisions,  can  no  longer  be  entrusted  to  the  Vestries 
and  District  Boards  of  the  Metropolis.  These  wretched  bodies  are  for  the  most 
part  so  much  occupied  with  their  own  petty  internal  squabbles,  and  in  other 
cases  are  so  much  under  the  influence  of  Gas  Companies  and  creatures  in  their 
interest  and  emploj',  that  the  real  interests  of  the  gas  consumers  are  entirely 
neglected  by  them.  Out  of  the  thirty -nine  vestries  and  district  boards  consti- 
tuted under  the  Metropolis  Local  Management  Act,  probably  not  more  than  ten 
have  complied  with  the  provisions  of  the  Gas  Act,  requiring  them  to  provide  ap- 
paratus and  appoint  an  examiner  to  test  the  quality  of  the  gas  supplied  in  their 
respective  districts.  Of  course  this  conduct  is  perfectly  illegal,  and  we  presume 
it  is  in  the  power  of  any  ratepayer,  by  applying  to  the  superior  courts,  to  compel 
these  public  bodies  to  comply  with  a  duty  expressly  assigned  to  them  by  Act  of 
Parliament. 

That  the  magnitude  and  importance  of  this  question  may  not  be  misunder- 
stood, let  us  direct  attention  to  the  long  contest  which  raged  during  the  Metro- 
polis Gas  Inquiry,  relative  to  the  illuminating  power  which  should,  be  fixed  as 
the  standard  for  the  London  Gas  Companies.  The  standard  which  the  companies 
contended  for,  was  that  of  12  wax,  or  rather  more  than  10  sperm  candles,  whilst 
the  promoters  of  the  Bill  insisted  on,  and  eventually  obtained,  a  standard  of  12 
sperm  candles.  The  difference  between  10  and  12  candles,  may  therefore  be  con- 
sidered the  limits  within  which  the  gas  of  the  metropolis  fluctuates,  and  a  re- 
ference to  the  tables  in  Mr.  Hughes's  pamphlet  readily  enables  us  to  estimate 
the  importance  of  the  question.  By  reference  to  table  at  page  4,  we  find  the 
aggregate  gas  and  meter  lental  of  all  the  companies  supplying  within  the  metro- 
politan area,  amounts  to  £1,411,780,  and  deducting  from  this  £15,653  received 
for  meter  rental,  there  remains  for  gas  alone  a  yearly  rental  of  nearly  one  million 
four  hundred  thousand  pounds. 

Now,  if  the  whole  of  the  gas  supplied  to  the  metropolis  be  10  candle  gas  in- 
stead of  12,  it  will  be  found  by  a  simple  rule-of-three  sum  that  the  metropolis 
would  be  paying  to  the  gas  companies  more  than  £280,000  a  year  in  excess  of 
the  proper  amount.  It  is  not  intended  to  report  positively  that  this  is  actual 
loss  to  the  metropolis  arising  from  the  supply  of  inferior  gas,  but  it  must  be 
observed  this  would  have  been,  in  round  numbers,  the  result  of  the  companies' 
own  proposal  as  to  illuminating  power. 

The  public  may  be  left  to  judge  whether  the  companies  in  the  absence  of  ex- 
aminers and  apparatus  for  testing  their  gas,  are  not  very  likely  to  relapse  into 
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their  own  old  and  favourite  standard,  in  which  case,  as  already  shown,  the  loss  to 
the  metroplis  would  approach  £330,000  a  year.  The  same  kind  of  apathy  was 
displayed  by  the  Vestries  and  District  Boards  with  reference  to  the  sale  of  Gas 
Act,  which  insures  to  the  public  the  certainty  of  correct  and  reliable  meters. 
Fortunate  for  the  gas  consumers  of  the  metropolis,  that  these  effete  and  venal  bodies 
were  not  entrusted  with  the  carrying  out  of  this  Act,  which  was  happily  assigned 
to  the  Metropolitan  Boards  of  Works,  and  has  ever  since  been  acted  on  with 
much  vigour  and  effect. 

Mr.  Hughes  complains  that  the  capital  accounts  of  the  London  gas  companies 
have  hitherto  been  subject  to  no  such  scrutiny,  or  investigation,  as  that  which 
took  place  into  the  analogous  accounts  of  the  water  companies  in  1851,  when 
the  committee,  which  sat  on  the  subject,  referred  the  investigation  of  the 
capital  accounts  to  an  accountant  who  went  into  the  matter  in  great  detail.  Had 
this  been  done  in  the  case  of  the  gas  companies  we  should  not  be  presented  with 
the  anomalies  which  are  now  brought  to  light  by  Mr.  Hughes,  who  shews  that 
some  of  the  London  companies  have  nearly  three  times  the  proportionate 
amount  of  capital  which  suffices  for  other  companies. 

Besides  the  general  control  given  to  the  Secretary  of  State,  under  the  metro- 
polis Gas  Act,  it  appears  the  individual  gas  consumers  have  extensive  powers 
under  the  provisions  of  the  Gas  Works  Clauses  Act,  which  is  incorporated  with 
the  Metropolis  Gas  Act. 

By  Section  35,  of  tbe  Gas  Work*  Clauses  Act,  any  two  gas  rate  payers  may 
petition  the  Quarter  Sessions  to  appoint  an  accountant,  or  competent  person,  to 
examine  and  ascertain,  at  the  expense  of  the  gas  company,  the  actual  state  and 
condition  of  the  concerns  of  the  company  and  make  a  report  thereon  to  the 
Court.  Then  follows  a  provision  empowering  the  Court  to  reduce  the  price  of 
gas  in  case  it  shall  appear,  after  due  investigation,  that  the  profits  have  exceeded 
the  prescribed  rate,  which,  in  the  case  of  the  metropolitan  gas  companies, 
amounts  to  10  per  cent,  per  annum.  This  power  of  examination  could  be  most 
readily  exercised  by  any  of  the  local  boards,  or  vestries,  under  the  Metropolis 
Management  Act,  as  these  are  all  gas  rate  payers  in  respect  of  the  public  lamps. 
These  bodies,  however,  have  hitherto  shewn  such  a  complete  apathy  and  such 
a  fixed  disinclination  to  trouble  themselves,  in  any  way,  for  the  good  of  the 
private  gas  consumer  that  any  action  on  their  part  seems  hopeless. 

At  the  same  time  we  urge  the  attention  to  this  subject  of  individual  consumers, 
the  remedy  being  trifling  and  expensive,  while'it  is  scarcely  possible  to  conceive, 
the  good  which  might  be  effected  by  speedy  and  energetic  action.  Every  days 
experience  painfully  reminds  us  of  the  contrast  between  the  metropolis  and 
the  great  centres  of  industry  in  Lancashire  and  other  parts  of  Great  Britain. 
Considering  the  quality  of  the  gas  supplied  in  Lancashire  the  price  is  less  than 
one  half  of  that  which  is  charged  in  the  metropolis,  while  in  Birmingham, 
Bristol,  and  other  large  towns  the  consumers  are  much  dissatisfied  with  prices 
far  below  those  of  London,  and  energetic  efforts  are  now  being  made  in  introduc- 
ing new  companies  in  these  and  other  large  towns. 

Apart  from  its  direct  value  to  the  gas  consumers,  of  the  metropolis,  as  shewing 
them  tbe  actual  working  of  all  tbe  companies,  this  pamphlet  abounds  with 
valuable  tables,  which  possess  the  greatest  interest  and  value,  in  a  statistical  and 
engineering  point  of  view,  for  all  those  who  are  desirous  of  learning  the  con- 
ditions under  which  new  gas  companies  can  be  profitably  established. 

Under  this  aspect  the  table  at  rage  11  is  extremely  interesting,  as  it  shews, 
for  every  one  of  the  London  companies,  the  ratio  which  the  capital  bears  to  the 
tonnage  of  coal  used  in  the  w  irks.  It  appears  that  the  aggregate  capital  of  the 
whole  thirteen  companies  amounts  to  t'5,602,900,  and  that  every  £036  of  capital 
represents  KXj  tons  of  coal.  This  is  the  aggregate  working  of  all  the  companies, 
but  taking  the  two  extremes  there  is  a  wide  range  of  difference.  For  instance, 
the  Independent  Company  works  with  £127  of  capital  for  each  100  tons  of  coal 
used  in  tbe  year  :  while  tbe  London  company  lias  £860,  or  more  than  double 
the  amount,  for  eacli  VH)  tons  of  coal.  Mr.  Hughes  shews  that  five  of  the 
principal  companies  have  an  average  capital  of  less  than  t'.lixi  for  each  100  tone 
of  coal. 

We  may  also  direct  attention  to  the  tables  at  pp.  20  and  27,  where  the  whole  of 
the  receipts  and  expenditure  of  all  the  thirteen  companies  are  worked  out  in  the 
most  perfect  manner  and  reduced  to  a  standard  price  per  ton  of  coal. 

These  tables  afford  the  utmost  facilities  for  calculating  all  the  elements  both 
of  old  and  new  gas  works  as  they  arc  founded  on  the  very  large  basis  of  I  capital 
represented  by  nearly  six  millions  sterling,  and  are,  therefore,  of  much  higher 
value  than  the  experience  derived  from  smaller  works. 

Viewed  in  this  light  the  able  exposition  of  these  accounts  and  the  accompany- 
ing tables   will   be  found  of  the   highest   value   to  all   directors,  managers   ami 

secretaries  of  existing  gas  works,  mid  ought  to  be  carefully  studied  by  all  who 
profess  io  work  economically.    Their  value  in  the  case  of  contemplated,  or 

Companies,  has  been  already  alluded  to. 

To  show  the  imperfect  and  erroi j  statistics  which  are  frequently  circula- 

ii  reference  to  gas  supply,  it  might  lie  mentioned  that  in  a  popular  di. i 

of  gas  works  issued  a  few  years  ago  by  a  publisher  iii  the  Strand,  it  is  - 
that  the  consumption  of  coal  lor  gas  making,  in  the  metropolis,  eqnala  SE 
ton-,  per  annum.     Now  Mr.  Hughes  show  J  from  mi  examination  ol  tie  accounts 
which  he  has  made,  th.it   in  the  year  1861  the  consumption  of  ooal  for  gas 
making  was  equal  to  882,000,  or  more  than  doable  the  above  amount,  and  this, 
be  it  observed,  is  exclusive  of  a  group  of  nine  companies,  which  are  situate  on 
outskirts  of  the  metropolis,  and  supply  parti]  within  and  partly  without. 
In  conclusion  we  strongly  recommend  this  pamphlet  to  -•.  1 1  ii 

way  interested  either  in  tl stahlishmcnt  ol  DOT  gll  Companies  or  in  the  working 

■of  old  ones. 


NOTICES  TO  CORRESPONDENTS. 


S. — Yes ;  but  we  have  received  your  note  too  late  to  enable  us  to  give  the  Ad- 
miralty order  you  refer  to  in  our  present  number.  We  will  insert  it  in  our 
next. 

'•'  Elasticity." — It  is  intended  to  embody  the  particulars  to  which  you  refer. 

P.  0.— Mr.  John  Seaward  was  horn  in  1786,  and  died  March,  26th,  1858. 
Amongst  the  engines  built  by  Messrs.  Seaward  and  Co.  for  steamships  in 
H.M.  Navy  may  be  mentioned  the  Volcano,  Megtera,  Alecto,  Prometheus, 
Ardent,  Polyphemus,  Driver,  Styx,  Vixen,  Geyser,  Growler,  Montezuma, 
Firebrand,  Penelope,  Avenger,  Sidon,  Leopard,  Blenheim,  Hogue,  Conflict, 
Horatio,  Xile,  Termagant,  Caradoc,  and  many  others  of  less  importance.  At 
the  same  time  they  adapted  their  engines  to  many  large  vessels  for  the  Hon. 
East  India  Company,  for  the  Steam  Navigation  Companies  at  home,  as  well 
as  for  various  Governments  and  companies  abroad. 


KECENT    LEGAL    DECISIONS 

AFFECTING  THE  ARTS,  MANUFACTURES,  INVENTIONS,  4c. 


The  following  works  are  to  hand,  I  in  onr  present  number, 

viz.  ,— 

WilUon'i  Beienet  of  Shipbuilding.     London  i  -I.  !»■  Porter,  81,  Poultry. 
Holme*' s  Magneto-Electric  light,  at  applicable  >■>  LlghtAom 


Under  this  heading  we  propose  giving  a  succinct  summary  of  such  decisions  and  other 
proceedings  of  the  Courts  of  Law,  during  the  preceding  month,  as  may  have  a  distinct 
and  practical  bearing  on  the  various  departments  treated  of  in  our  Journal :  selecting 
those  cases  only  which  ofTer  some  point  eitherof  novelty,  or  of  useful  application  to  the 
manufacturer,  the  inventor,  or  the  usually — in  the  intelligence  of  law  matters,  at  least 
— less  experienced  artizan.  With  this  object  In  view,  we  shall  endeavour,  as  much  as 
possible,  to  divest  our  remarks  of  all  legal  technicalities,  and  to  present  the  substance 
of  those  decisions  to  our  readers  in  a  plain,  familiar,  and  intelligible  shape. 


Application  for  Prolongation  of  Patent,  Bocill. — The  Judicial  Committee  of  the 
Privv  Council  recently  set  in  this  ease.  A  petition  for  a  prolongation  of  BovilTa  patent  for 
grinding  corn  (part  heard)  was  concluded.  The  Master  of  the  Hills  gave  judgment  ou  the 
part  of  their  lordships,  granting  an  extension  for  five  years.  The  lords  present  were  the 
Master  of  the  Rolls,  the  Lord  Chief  Justice  Erie,  and  Sir  E.  Ryan. 

Martin  c.  Gray. — Mining  Case. — Mr.  Thomas  Martin,  a  merchant,  |of  Wadebridge, 
sued  Mr.  Thomas  Gray,  colonial  broker,  of  London,  as  a  partner  in  the  Messer  Mine, 
for  goods  supplied  to  the  mine.  Mr.  Collier,  Q.C.,  in  stating  the  case,  said  that  the 
plaintiff  supplied  goods,  from  the  order  of  Captain  Rich,  the  manager  of  the  mine,  to 
the  extent  of  more  than  £200,  chiefly  coals  and  things  absolutely  necessary  to  work  the 
mine;  all  of  them  were  used  in  the  mine,  and  helped  to  realise  such  gains  as  were 
obtained.  A  fair  quantity  of  ore  was  raised,  and  the  mine  paid  its  way  for  some  time, 
but  not  altogether.  The  plaintiff,  acting  as  a  prudent  man,  never  would  have  BappUed 
the  goods  but  for  Mr.  Gray's  visit  to  the  mine,  and  the  interest  he  took  in  if.  This  was 
not  a  limited  liability-  concern,  or  a  joint-stock  company,  but  a  private  partnership.  In 
which  each  partner  was  liable  for  the  debts  of  the  company,  and  could  recover  a  contri- 
bution from  the  other  partners.  Mr.  Cray  was  sued  because  he  was  the  only  substantial 
man  in  the  concern,  those  associated  with  him  being  merely  nun  of  straw.  Captain 
Rich,  the  captain  of  the  mine,  was  the  principal  witness  against  tbe  adventurer.  The 
defence  was  that  Mr.  Cray  had  advanced  money  to  Gregg,  a  shareholder  in  the  mine,  and 
had  gone  to  see  it,  as  lie  had  an  option  to  become  a  shareholder,  but  did  not  do  90.  .Mr. 
Gray  stated  that  tbe  whole  of  his  advances  amounted  to  upwards  of  £1000,  not  one 
farthing  of  which  has  yet  been  returned.  Mr.  Gregg  stated  thai  be  had  received  the 
money  from  Cray  as  loans,  and  contradicted  some  of  the  statements  of  Captain  Rich. 
Mr.  M.  Smith,  Q.C.,  having  summed  up  the  evidence  for  the  defence,  Mr.  Collier,  for  the 

plaintiff,  replied  upon  the  ease.     He  said  that  this  was  a  ,a I  great    Importance,  as  it 

was  an  endeavour  to  put  forth  an  optional  partnership— if  the  mine  was  successful  Mr. 
Cray  was  to  be  partner,  but  if  it  was  not  then  Mr.  Cray  had  nothing  to  do  with  it.     If 

such  an  optional  partnership  was  to  be  tolerated,  there  would  be  a  oompleto  change  In 

Ol  rdal  BffllirS.  The  learned  Judge  (Mr.  Justice  Byles)  then  summed  up  the  whole 
case  to  the  jury.  He  said  the  sum  claimed  amounted  to  £836  18*.  I /.without  Interest, 
This  was  a  case  of  verj  great  Importance  to  the  parties,  and,  he  might  almost  ,ay.  to  the 
public.  It  was  a  case  of  considerable  Importance  to  the  plaintiff,  because  be  had  un- 
questionably supplied  these  goods,  and  it  did  not  seem,  so  far  SS  lleoted,  that 
likely  to  be  paid  In  any  other  way.    it  was  of  great  Importance  to  tbe  defendant. 

because  he  had  derive. 1  no  profit,  hut  a  very  great  loss,  t'roei  his  c lection  with  the  mine 

i o  which  those  goods  were  supplied,  and  very  intelligible  hints  had  been  thrown  out  in 

.i  this  enquiry  thai  this  was  but  the  precursor  of  many  other  like  demands 

upon  him.    He  was  sure 'this  case  had  received  their  most  attentive  consideration,    nun 

bad  had  the  advantage.  BUd  be  had  had  the  advantage,  of  hearing  this  matter  discussed 

!..  v.n  able  counsel,  who  were  jus!  as  able  as  any  men  In  England  to  dissad  evidence, 

and   to  show    how  the  various  parts  of  it    bore  0US  upon  the  other.      I'.irtly  tor  that 

i.  and  partlv  owing  to  tie-  great  pressure  of  business,  iii-  address  to  them  would  be 

very  short.     He  would  not  trouble  them   with   many  observations  on  the  conflict  ..l  ,\i 

dence,  but  would  content  himself  with  telling  them  the  questions  ior  their  determine  Hon, 

and  iilal i r  two  observations  on  the   leading  and    -ah.  nt  | bj  ol  the  ..!-■.     After 

.  areiuiiv  going  through  the  cvidene.-,  his  Lordship  told  the  iury  that  If  they  thought  the 
defendant  Gray  had  stipulated,  when  he  made  either  ol  the  three  a  ■'  ha  should 

have  a  -hare  in  the  pmiits  of  the  mine  be  was  liable  i  and  Ii  be 

bold  bun     II  out  to  the  world  and  the  plaintiff  SI  a  partner,  and  U  plaintill  tr-.i-t.d  him. 

I,,.  „.,       it,  on  ii 'her  hand,  they  wire  ..i  opinion  thai  he  had  no  Interest  In  tbe 

the  opl taking  ■hares  u  It,  nmi  thai  hs  never  had  these  shares  or  any- 

thing  at   all  tO  do  with  tlielii.  but  WSS  a  mere  creditor,  and  nothing  'nor.',  the,   WOttU  lind 

fordc lent  as  they  also  would  it  tbe]  thought  the  joodt  were  nol  n  the 

credli  oi  the  defendant,  and  nol  of  tha  machinery,    The  jury  garc  a  renin  t  for  the 
Ibr  £238  ISt,  ii,  without  Interest 

lu  i   Mi  i..  I.  m  i.  CoxramuTlOK  Casb,     A  Norwich  spo  laljunr,  under  the  | 

b  .-ii  Ibrflrodi  action 

.    Clerk  to  the  Mld-Lorcl  C a  rvnro  In  not  making  and 

lining  ii itlsl  uulce  ol  the  MUd-Levol,  bj  n  mon  ol  which  the  I  broke 

through  nml  ran  over  the  sluice,  submerging  the  plaintiff's  land,     lie 
ln.,l  ,,,  itodfrom  the  iii  thai   no  (ewer  than   107  romncn  .  In- 

voiviti .  I  ol  the  trial 

the  I.  or.l  Che  I  Juste,,  put   It  to  the  Jun     i'l  plslntlffby 

kill    tnd  i  ir he  part  oi  the  defends! 

lining;  lie   slulco;  thlnll),  in  pr.oi.ltng  I  il  hlcl  after 

...it   no  puddle  .  lay   wali    . 

returned  l"r  thi  defendant   on 
,1,,.  Hmt  |  ....  an. i  i  ii  the  plaintiff  on  the  thr.-e  la  rtuallj  a  verdict  Ibr  the 

i  be  settled  out  ot  emit. 
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NOTES  AND  NOVELTIES. 


OUK  "NOTES  AND  NOVELTIES'*  DEPARTMENT— A  SUGGESTION  TO  OUR 
READERS. 

"We  have  received  many  letters  from  correspondents,  both  at  home  and  abroad,  thanking 
us  for  that  portion  of  this  Journal  in  which,  under  the  title  of  "Notes  and  Novelties,' 
we  present  our  readers  with  an  epitome  of  such  of  the  "events  of  the  month  preceding" 
as  may  in  some  way  affect  their  interests,  so  far  as  their  interests  are  connected  with 
any  of  the  subjects  upon  which  this  Journal  treats.  This  epitome,  in  its  preparation! 
necessitates  the  expenditure  of  much  time  and  labour ;  and  as  we  desire  to  make  it  as 
perfect  as  possible,  more  especially  with  a  view  of  benefiting  those  of  our  engineering 
brethren  who  reside  abroad,  we  venture  to  make  a  suggestion  to  our  subscribers,  from 
which,  if  acted  upon,  we  shall  derive  considerable  assistance.  It  is  to  the  effect  that  we 
shall  be  happy  to  receive  local  news  of  interest  from  all  who  have  the  leisure  to  collect 
and  forward  it  to  us.  Those  who  cannot  afford,  the  time  to  do  this  would  greatly  assist 
our  efforts  by  sending  us  local  newspapers  containing  articles  on,  or  notices  of,  any  facts 
connected  with  Railways,  Telegraphs,  Harbours,  Docks,  Canals,  Bridges,  Military 
Engineering,  Marine  Engineering,  Shipbuilding,  Boilers,  Furnaces,  Smoke  Prevention- 
Chemistry  as  applied  to  the  Industrial  Arts  Gas  and  Water  Works,  Mining,  Metal- 
lurgy, &c.  To  save  time,  all  communications  for  this  department  should  be  addressed 
"19,  Salisbury-street,  Adelphi,  London,  W.C."  and  be  forwarded,  as  early  in  the  month 
as  possible,  to  the  Editor. 


MISCELLANEOUS. 

The  Largest  Carriage  Manufactory  in  the  World  is  that  of  a  Berlin  company, 
formed  for  the  supply  of  railways.  Last  year  it  is  said  to  have  employed  1552  men,  and 
to  have  made  sales  to  the  amount  of  about  £270,000.  It  delivered  during  the  last  year 
290  railway  passenger  carriages,  993  goods  waggons,  187  post,  military,  and  other  various 
carriages.  It  began  the  new  year  with  orders  rendering  it  pretty  certain  that  this  year 
will  exceed  the  last  in  prosperity.  Considerable  deductions  have  been  made  for  reserve 
fund,  &c,  a  dividend  of  81  per  cent,  has  been  declared.^ 

The  Paris  Permanent  Exhibition. — Le  Siecle  gives  the  following  account  of  the 
progress  of  the  palace  which  is  being  built  in  Paris  for  an  universal  and  permanent  Inhi- 
bition, and  of  which  all  the  cast  iron  works  have  been  sent  from  Glasgow : — "The  winter 
has  been  so  mild  that  the  building  of  the  Auteuil  Palace  has  been  uninterrupted,  and  is 
now  far  advanced.  The  stone  work  is  fully  30ft.  high,  and  a  good  many  columns  and 
girders  have  already  been  set  up.  All  the  heavy  iron  works  are  on  the  spot,  and  that  is 
the  most  important  thing  of  all.  It  is  a  most  curious  sight  to  see  the  workshop  where 
the  iron  pieces  are  turned  and  finished,  and  thence  removed  on  railway  trucks,  and 
raised  by  travelling  cranes  to  the  places  they  are  to  occupy.  That  shop  alone  employs 
370  men  and  23  engines.  The  dome  will  be  the  principal  feature  of  the  building,  and 
next  in  importance  will  be  the  front  entrance,  which  forms  an  arcade  70ft.  high  and  50ft. 
wide,  surmounted  by  a  group  of  figures  of  15ft.  The  building  will  have  another  door  of 
equal  size,  with  fewer  ornaments,  besides  eight  smaller  ones.  In  a  formal  notice  we 
stated  that  other  buildings  would  be  annexed  to  the  Palace,  each  for  a  specific  purpose. 
Li  a  few  days  they  will  begin  to  lay  the  foundations  of  one  of  these  supplementary 
buildings,  which  is  intended  for  the  exhibition  of  machinery,  and  will  measure  400ft.  in 
length  and  120ft.  in  width. 

Tools  at  Woolwich.— A  contract  has  been  entered  into  between  the  Admiralty  and 
Messrs.  Smith,  Beaock,  and  Tannett,  the  machine  tool-makers  of  Leeds,  for  the  supply 
of  their  special  machinery  to  Woolwich  Dockyard,  for  the  purpose  of  planing,  shaping, 
drilhng,  and  slotting  the  armour-plates  still  to  be  attached  to  the  iron-cased  ship 
Caledonia,  and  also  those  of  the  corvette  Favourite,  ordered  to  be  completed  forthwith. 
The  machinery,  although  on  a  much  larger  scale,  will  be  similar  in  most  respects  to  that 
employed  with  success  in  Keyham  Dockyard  and  the  manufacturing  departments  at 
Woolwich  Arsenal. 

NAVAL  ENGINEERING. 

Trial  of  the  "'Royal  Oak."— The  official  trial  of  the  'Royal  Oak  took  place  on  the 
26th  March  last.  On  getting  under  way  the  Royal  Oak's  draught  of  water  was  found  to 
be  23ft.  lin.  aft,  and  20ft.  4in.  forward,  which  was  somewhat  less  than  on  the  previous 
day.  Six  runs  were  made  at  the  measured  mile  at  full  speed,  the  following  being  the 
results :— In  the  first  run  the  time  was  5min.  30sec,  the  speed  in  knots  was  10'909°  the 
number  of  revolutions  of  engines  60,  and  the  pressure  of  steam  21 ;  in  the  second  run 
the  time  was  4  min.  13  see.,  the  speed  in  knots  14-229,  the  number  of  revolutions  of 
engines,  59,  and  the  pressure  of  steam,  191;  in  the  third  run  the  time  was  5  min.,  30  sec, 
the  speed  in  knots,  10-909 ;  the  number  of  revolutions  of  engines,  60,  and  the  pressure  of 
-steam,  20;  in  the  fourth  run  the  time  was  4  min.,  18  sec,  the  speed  in  knots,  13-953,  the 
number  of  revolutions  of  engines,  591,  and  the  pressure  of  steam,  20 ;  in  the  fifth  run 
the  time  was  5  min.,  30  sec,  the  speed  in  knots,  10'909,  the  number  of  revolutions  of 
engines,  69,  and  the  pressure  of  steam,  19;  in  the  sixth  run  the  time  was  4  min.,  17  sec 
the  speed  in  knots,  14008,  the  number  of  revolutions  of  engines,  61,  and  the  pressure  of 
steam,  20.  In  all  the  runs  the  vacuum  forward  and  aft  was  24.  The  mean  speed  of  the 
six  runs  was  12'487  knots.  The  engines  of  the  Royal  Oak  are  of  800-horse  power  (nomi- 
nally), whde  those  of  the  Black  Prince  are  1250-ho'rse  power,  and  yet  on  the  occasion  of 
the  last  trial  trip  of  the  latter  vessel  she  only  attained  a  mean  speed  of  12-209  knots,  the 
Royal  Oak  thus  beating  her  by  a  quarter  of  a  knot  an  hour.  The  actual  displacement 
ot  the  Royal  Oak  during  ber  trial  was  6500  tons,  and  this  mass  was  driven  through  the 
water  at  a  speed  greater  than  that  attained  by  the  largest  of  the  iron  frigates,  with  the 
exception  of  the  Warrior.  At  the  termination  of  the  runs  at  full  speed,  it  was  deter- 
mined to  try  the  vessel  at  half-boiler  power,  and  four  runs  were  accordingly  made  at  the 
measured  mile,  with  the  following  results :— In  the  first  run  the  time  was  6  min.  45  see  • 
the  speed  in  knots,  8'89;  the  number  of  revolutions  of  screw,  47;  and  the  pressure  of 
steam,  19;  pitch  of  screw,  27ft.  6in.  In  the  second  run  the  time  was  5  min.  9  sec  ;  the 
speed  in  knots,  11-650;  the  number  of  revolutions  of  screw,  49;  and  the  pressure  of 
steam,  20;  pitch  of  screw,  27ft.  6in.  In  the  third  run  the  time  was  6  min.  29  sec.  ;  the 
?J!  ■'.".  ..'  9'254';  the  num°er  of  revolutions  of  screw,  47;  and  the  pressure  of  steam, 
•  ;i  P  *  ?,l  sc'row'  27ft  6iu-  In  the  fourth  nm  the  tirae  was  5  min.  46  sec. ;  the  speed 
in  Knots,  10-406 ;  the  number  of  revolutions  of  screw,  47 ;  and  the  pressure  of  steam,  20 ; 
pitcn  oi  screw,  2/it.  6m.  In  all  the  runs  the  vacuum  fore  and  aft  was  24.  The  average 
speed  ot  the  lour  runs  at  halt-power  was  10-140  knots.  At  the  termination  of  the  trials 
ot  speed  some  experiments  were  made  in  order  to  test  the  time  in  which  the  half-circle 
would  be  made,  lour  runs  were  accordingly  made,  with  the  following  results :— First 
run.  helm  put  hard  a-starboard,  with  four  men  at  the  wheel,  and  the  rudder  at  an  angle 


of  18  deg.,  half  circle  made  in  2  min.  29  sec ;  second  run,  helm  at  port,  and  rudder  at 
17  deg.,  half  circle  made  in  a  min.  34  sec. ;  third  run,  helm  at  starboard,  half  circle  made 
in  2  min.  42  sec. ;  fourth  run,  helm  at  port,  circle  made  in  2  min.  39  sec.  At  half-boiler 
power  the  helm  was  put  hard  a-starboard  by  four  men  with  three  turns  of  the  wheel,  and 
the  rudder  at  an  angle  of  151  deg.,  when  the  half-circle  was  made  in  3  min.  40  sec,  the 
screw  making  39  revolutions  per  minute,  and  the  diameter  of  the  circle  300  yards.  The 
helm  was  then  put  hard  aport,  at  an  angle  of  141  deg.,  and  the  half  eirelc  niade'ih  3  min.  32 
sec.  Commander  Crewe-Read,  who  superintended  the  trials,  then  directed  the  helm  to  be- 
put  hard  a-starboard  to  an  angle  of  18  deg..  and  the  ship  going  at  full  speed,  with  the 
screw,  making  54  revolutions,  the  complete  circle  was  made  in  6  min.  38  sec,  the  diameter 
of  the  circle  being  a  little  more  than  double  the  vessel's  length. 

Trial  Trip  of  the  "  Angela."— The  present  fleet  of  the  Atlantic  Royal  Mail  Com- 
pany  is  now  completely  ready  for  sea,  and  in  a  condition  to  commence  immediate  opera- 
tions, the  fourth  of  their  large  paddle-wheel  steamers,  the  Anglia,  on  the  10th  ult,, 
having  made  a  most  successful  official  trial  at  the  measured  mile  in  Stokes  Bay.  Like 
her  sister  ship,  the  Columbia,  this  vessel  has  been  materially  strengthened  and  improved 
since  her  first  build,  Messrs.  Laird  and  Sons,  of  Birkenhead,  having  executed  the  work 
connected  with  the  hull,  while  the  machinery  department  was  placed  in  the  hands  of 
Messrs.  Ravenhill  and  Salkeld,  of  London.  The  Anglia  ran  the  measured  mile  four 
times  with  the  following  results : — 1st  run,  4m.  16s.,  equal  to  14-063  knots  per  hour ;  2nd 
run,  4m.  26s.,  13-533  knots;  3rd  run,  4m.  22s.,  13740  knots;  4th  run,  4m.  16s.,  14063 
knots ;  revolutions  of  engines  throughout,  21.  This  gave  a  true  mean  of  13742  knots 
per  hour,  being  about  a  quarter  of  a  knot  faster  than  the  speed  attained  by  the  Columbia, 
although  the  two  vessels  are  alike  in  every  respect.  During  the  trial  the  pressure  of 
steam  was  261b.,  and  vacuum  26  inches,  force  of  wind  3.  She  had  about  900  tons  weight 
of  coal,  water,  &c,  on  board.  The  draught  of  water  was  19ft.  8in.  forward,  and  19ft.  4in, 
aft.  After  leaving  the  measured  mile  the  Anglia,  was  turned  round  while  at  full  speed, 
completing  the  circle  in  7  minutes  35  seconds.  Every  portion  of  the  machinery  woi'ked 
admirably,  and  very  little  vibration  was  felt  in  any  part  of  ship  when  she  Was  running 
at  the  highest  rate  of  speed.  The  Government  surveyors  present  expressed  their  .perfect 
satisfaction  with  the  Anglia's  performances  during  the  trial. 

Trial  of  the  "  Sparrow."— The  screw  steam  gun  vessel  Sparrow,  5,  was  taken  out- 
side the  breakwater,  Plymouth,  on  the  11th  ult.,  to  test  b  er  engines  and  machinery,  pre- 
paratory to  her  departure  for  her  station  on  the  West  Coast  of  Africa.  She  is  of  430 
tons  burden,  is  built  of  wood,  and,  being  fully  equipped  for  sea,  draws  lift.  3in.  aft,  and 
10ft.  6in.  forward.  The  maximum  speed  attained  with  full  boiler-power  was  10"2  knots; 
the  average,  9'817  knots;  with  half  boiler-power,  7'041  knots.  This  result  is  considered 
highly  satisfactory,  and  will  bear  comparison  with  that  of  any  other  ship  of  the  same 
class.  The  number  of  revolutions  per  minute  was  105.  The  helm  in  still  water  can  be 
put  over  to  31  deg. ;  but  when  the  rudder  is  in  vigorous  action  the  force  of  the  sea  upon 
the  steerins  tackle  reduces  it  to  27  deg.  A  circle  was  performed  under  full  speed  in  4m. 
13s.;  |with"half  boiler-power,  2m.  201s.  The  engines  possess  60  horse  power,  and  are 
from  the  manufactory  of  Messrs.  Napier. 

Trial  Trip  of  the  "  Leander." — The  Zeander,  51,  2760  tons,  400-horse  power,  was 
taken  from  her  moorings  in  Sheerness  harbour  on  the  15th  ult.,  for  the  trial  of  her  ma- 
chinery at  the  measured  mile  oft'  Maplm  Sands.  The  trial  was  not  quite  successful, 
owing  to  excessive  priming,  and  the  vessel  was  therefore  taken  out  again  on  the  following 
day,  when  a  completely  successful  trial  was  made,  with  the  following  results .- — True 
mean  speed  at  full  boiler-power,  10-448  knots  per  hour ;  revolutions — maximum  57,  mean 
55  to  56  per  minute ;  pressure  of  steam,  20 ;  vacuum,  forward  and  aft,  24 ;  draught  of 
water,  fore  19ft.  9in.,  aft  21ft.  llin.;  temperature — main  deck,  56  deg.;  engine-room,  68 
deg. ;  stokehole,  maximum  110  deg.,  minimum  74  deg.  The  vessel  is  fitted  with  Griffith's; 
screw,  pitch  24ft.,  length  3ft.,  immersion  of  upper  edge  2ft.  5in. 

The  "  Pandora,"  4,  screw,  has  completed  her  trials  of  speed  at  Portsmouth  with  full 
and  half  boiler-power,  realizing  a  mean  speed  in  knots  with  the  former  of  8-528,  and  with 
the  latter  of  5'430.  At  the  full  boiler-power  trial  the  temperature  ranged:— On  deck, 
from  51  to  58  deg. ;  in  the  engine-room,  from  65  to  70  deg. ;  and  in  the  stokehole,  from 
80  to  95  deg. 

Trial  Trip  of  the  "Conqueror."— The  screw  steam  line-of-battle  ship  Conqueror 
(late  Waterloo),  86,  2845  tons,  500-horse  power,  was,  on  the  17th  ult.,  taken  from  her 
moorings  in  Sheerness  harbour  to  the  measured  mile  off  Maplin  Sands  for  trial  of  her 
machinery,  after  being  brought  forward  and  placed  in  the  first  division  of  the  steam 
reserve  some  months  ago.  The  results  of  the  trial  are  as  follow : — True  mean  speed  at 
full  boiler-power,  9'935  knots ;  half  boiler-power,  8-126  knots  per  hour ;  revolutions, 
maximum  63,  mean  61'3  per  minute;  vacuum,  fore  241,  aft  23;  draught  of  water,  fore 
23ft.,  aft  24ft.  9in. ;  temperature,  on  deck  58  deg.,  engine-room  74,  stokehole,  maximum 
104,  minimum  94.  The  circle  was  made  at  full  boiler-power,  with  helm  port  17  deg.,  in 
6ra.  30s. ;  revolutions,  54  per  minute ;  the  diameter  of  circle  being  500  yards  at  half 
boiler-power,  with  helm  starboard  20  deg.,  in  6m.  27s. ;  revolutions  50  per  min.,  diameter 
400  yards.  The  half  circle  was  turned  at  full  speed  in  4m.  29s.,  and  at  half  speed  in  3m. 
40s.  She  is  fitted  with  Griffith's  propeller,  pitch  20ft.,  but  variable  from  17ft.  to  22ft. ; 
length  3ft.  9in.,  diameter  18ft.  The  trial  was  made  in  a  smooth  sea,  with  the  force  of 
the  wind  very  slight.    It  was  perfectly  satisfactory. 

The  Trial  of  the  Iron  Screw  Steam  Transport  "Orontes,"  3,  recently  built 
for  the  Admiralty  by  Messrs.  Laird,  Birkenhead,  took  place  outside  Plymouth  break- 
water on  the  16th  ult.  The  trial  was  under  the  supervision  of  Captain  Astley  C  Key, 
C.B.,  and  Mr.  A.  Dinnen,  inspector  of  machinery  from  the  guardship  of  steam  reserve,. 
Indus,  in  Hamoaze.  The  weather  was  very  fine.  The  Orontes,  which  is  built  entirely 
of  iron,  and  has  her  lower  mast  stepped,  has  a  burden  of  2812  tons,  and  draws  17ft.  llin. 
aft  and  17ft.  Sin.  forward,  The  engines,  direct  acting,  are  of  500-horse  power  nominal, 
but  were  worked  up  to  2020-horse  power ;  cylinders  horizontal ;  diameter,  31in. ;  stroke, 
36in.  The  screw  shaft  is  about  110ft.  long  by  13in.  diameter.  The  screw  is  Griffith's 
shifting;  diameter,  18ft.;  pitch,  25ft.  The  mean  speed  obtained  from  six  runs  was 
13-292  knots,  which,  when  it  is  recollected  that  the  ship  had  been  in  the  water  since  the 
beginning  of  December,  and  that  her  bottom  could  not  consequently  be  clean,  is  con- 
sidered very  fair.  The  maximum  number  of  revolutions  was  63  per  minute ;  the  mean 
number  of  revolutions  at  full  power  61-1 ;  the  pressure  251b.  to  the  square  inch.  There 
were  no  indications  of  hot  ;bearings  or  of  priming.  The  engines  of  the  Orontes  are 
similar  to  those  of  the  Prince  Regent,  Sauspareil,  and  Sarossa,  by  the  same  manufac- 
turers. This  transport  has  accommodation  for  1150  troops.  The  trial  under  steam 
appears  to  confirm  the  anticipations  of  her  good  qualities  for  speed  expressed  when  she 
was  launched  on  the  22nd  of  November  last  at  Birkenhead. 

The  "  Black  Peince,"  40,  iron  frigate,  coaling  in  No.  10  dock,  at  Portsmouth,  will  be 
undoeked  about  the  4th  inst.  Her  bottom  has  been  scraped  over,  and  it  is  now  ordered 
to  be  coated  with  the  Mclnnes  composition  on  one  side,  and  with  the  composition  pre- 
pared by  Mr.  Hay,  the  Admiralty  ehymist,  on  the  other,  in  order  to  obtain  a  comparative 
result  of  their  respective  merits.  A  good  deal  of  corrosion  is  visible  in  places,  but  the 
most  serious  injury  exists  on  the  third  streak  of  plating  below  the  armour-plates.  These 
results  forcibly  illustrate  the  danger  which  must  always  attend  the  use  of  copper  com- 
positions, as  at  present  applied  to  the  bottoms  of  iron  ships.  For  about  40ft.  along  this 
streak  of  plating,  where  the  vessel  is  broadest,  there  run  straight  lines  of  indentations 
irregular  in  number,  averaging  about  an  eighth  of  an  inch  in  width,  and  at  their  greatest 
.depth  about  the  sixteenth  of  an  inch.    The  ship  has  here  evidently  rubbed  against  some- 
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thin?,  possibly  the  staging  alongside  the  dockyard  on  first  leaving  the  dock,  and  scraped 
through  the  composition  to  the  snrfaee  of  the  iron,  and  this  done  a  powerful  batten'  has 
been  at  once  formed,  the  power  of  which  to  destroy  the  ship  was  only  a  question  of  time. 
In  the  instance  of  the  Black  Prince  this  power  has  been  arrested,  but  it  is  a  proof  that 
all  iron  ships  coated  with  copper  preparations  require  frequent  docking  to  ascertain 
whether  the  outer  surface  of  the  composition  is  undisturbed. 

Tbial  of  the  "Hebe." — The  trial  trip  of  this  twin  screw  steamer  took  place  on  the 
25th  ult.,  between  the  Xore  and  Mouse  lightships.  The  Sele  is  the  third  vessel  on  this 
principle  which  has  been  built  and  engined  by  Messrs.  Dudgeon  of  the  Isle  of  Dogs.  The 
performances  of  the  first  two — the  Flora  and  the  Kate — have  already  been  noticed  in  our 
columns.  The  Hebe  is  an  iron  vessel,  of  470  tons,  165ft.  long,  23ft.  beam,  13ft.  6in.  deep, 
having  a  deck  house  7ft.  high  extending  about  three-fourths  of  her  length,  fitted  up  with 
cabin  and  saloons.  Draught  of  water  at  time  of  trial,  5ft.  forward  and  9ft.  aft.  Being 
without  dead  weight  to  give  her  sufficient  immersion,  the  vessel  was  under  considerable 
disadvantages,  especially  as  there  was  a  strong  wind  blowing,  which  materially  retarded 
those  revolutions  which  formed  the  principal  feature  of  interest  to  most  present.  The 
screws  were  three-bladed,  7ft.  6in.  in  diameter,  with  15ft.  pitch,  worked  by  two  separate 
and  independent  engines,  having]each  two  cylinders  21in.  in  diameter,  with  26in.  stroke 
of  pistons,  and  120  collective  nominal  horse  power.  The  revolutions  at  the  time  of  trial 
between  the  lightships  were  110.  The  time  occupied  between  the  Mouse  and  Xore  li?ht- 
shipswas  33  min.  15  sec,  the  distance  being  eight  statute  miles.  Among  the  evolutions 
performed  for  the  satisfaction  of  the  scientific  gentlemen  present,  were  the  following: — 

1.  Full  speed  ahead  with  both  screws  helm  hard  a  starboard;  circle  completed  in  4  min. 

2.  Full  speed  ahead,  both  screws,  helm  hard  aport ;  3  min.  40  sec.  3.  Helm  a  starboard, 
with  port  screw  stopped  ;  circle  completed  in  3  min.  9  sec.  4.  Circle  made  the  reverse 
way  by  putting  the  helm  aport  and  with  starboard  screw  stopped,  in  3  min.  33  sec.  5" 
Helm  hard  aport,  the  screws  being  turned  in  opposite  directions,  the  vessel  pivotted  on 
her  centre  in  3  min.  52  sec.  6.  A  second  experiment  the  reverse  way  was  made  in  4  min. 
10  sec,  the  mean  time  of  these  last  two  revolutions  being  4  min.  8  "sec  7.  Helm  amid- 
ship,  the  screws  working  in  opposite  directions ;  the  circle  was  completed  in  4  min.  53  sec. 
The  engines  varied  alternately  in  these  trials  from  90  to  103  revolutions  per  minute.  As 
before  mentioned,  during  these  experiments  a  fresh  wind  prevailed,  which  materially  re- 
tarded the  turning,  the  vessel  being  light,  and  consequently  exposing  a  large  area  to  the 
wind.  The  engines  worked  admirably  throughout,  the  boilers  giving  an  abundance  of 
steam,  and  the  whole  of  the  arrangements  were  excellent,  reflecting  great  credit  on  the 
builders.  We  may  add  that  during  the  trial  luncheon  was  served  on  board  in  very  excel- 
lent snle  by  Mr.  <i.  J.  Atkins,  of  the  World's  End  Tavern,  Tilbury.  Mr.  Atkins  is 
becoming  deservedly  well  known  as  a  caterer  upon  such  occasions. 

The  Tbial  of  the  "Jash-k,"  5,  screw  steam  gun  vessel,  425  tons,  80  horse  power, 
commissioned  ior  service  on  the  West  Coast  of  Africa,  took  place  at  the  measured  mile 
oft'  Maplin  Sands  on  the  21st  ult.  The  trial  was  most  satisfactory.  The  following  were 
the  results: — True  mean  speed  at  full  boiler  power,  8'398  kuots  per  hour ;  revolutions, 
maximum,  102,  mean  99  per  minute;  pressure  of  steam,  201b.,  and  vacuum  gauge,  25^. 
At  half  boiler  power  the  true  speed  attained  was  6876  knots ;  revolutions,  maximum,  87 ; 
mean,  31?.  The  circle  was  made  at  full  boiler  boiler,  helm  starboard  35  deg.,in  4  min. 
7  sec;  revolutions,  92:  diameter  of  circle,  200  yards;  at  half  boiler  power,  helm  star- 
board 86  <i<:'.  in  5  min.  17  sec;  revolutions,  73  ;  diameter,  300  yards.  The  half  circle  was 
made  at  full  boiler  power,  helm  port  2*  deg..  in  2  min.  16  sec;  helm  starboard  31  deg., 
in  1  ::  at  half  boiler  power,  with  helm  port  31  deir.,  in  3  min.  30  sec,  and  with 

helm  itarboard  32  deg.,  in  2  min.  57  sec.  The  vessel  was  started  full  speed  ahead  in  4  sec, 
and  stopped  -  1  full  speed  astern  in  7  sec,  and  stopped  in  0  see. 

wind  was  from  5  to  nix  ;  and  the  draught  ol  water,  forward,  10ft.  8in.;  aft, 
(2ft.  lii'-  pitch  of  tin-  screw  was  12ft.;  diameter,  9ft. ;  immersion,  lft.  Bin.  j  tempera- 
ture, on  ile  k,  53  deg.;  engine-room,  it  deg.;  stoke-hole,  90  deg.;  weather  barometer, 

Cost  of  Snips.— Ah  account  has  been  issued  showing  the  charges  for  works  upon  Her 
It's  ships  in  the  financial  year  1861-2.  The  sum  />f  £613,829  was  expended  in 
buildinsr  vessels  in  the  dockyards,  and  £932,323  in  building  by  contract  or  purchasing; 
also  £363.292  upon  ships  commenced  as  wooden  ships  hnt  converted  into  iron-eased 
vessels  while  building,  and  £118,480  upon  ships  launched  as  sailing  ships,  and  subse- 
quently converted  into  screw  steamships.  The  sum  of  £1  impended  in  fitting 
out  or  refitting  steam  vessels  and  in  repairs  and  maintenance;  also  £183,395  in  fitting 
out,  refitting,  repairing,  and  maintaining  steam  vessels  permanently  employed  as  troop, 
store,  or  surveying -..■■■-c!-,  Uml.r-,  vaiit-.,  .v.-.,  and  £63,893  for  sailing  vessels,  £69,168 
was  laid  out  in  the  braiding  ami  maintainance  of  yard  craft,  steam  tugs,  ftc,  and  £9,648 
Id  fitting  and  maintaining  hulks.  Details  are  given  for  each  ship.  The  Aceountant- 
.  proposes  to  aobmit  a  further  account  for  the  same  year,  showing  the  cost  of 
manufacturing  and  repairing  articles  of  store  in  the  several  workshops  and  factories  In 
the  dockyards;  and  to  supply  before  the  close  of  the  Session  an  i  ing  the  value 
of  the  stock  in  hand  in  each  dockyard  on  the  31st  March, 

The  Al-stkia.v  Iron  Fi.i:j:t.     The  Austrian   iron-  lad   frigate,    Tk 
completely  iron  clad  and  equipped,  left  the  Port  of  Trieste  on  the  liith  u 

.  Pola  to  take  on  hoard  her  guns.    There  will   thus  he  at   Pola,  in 
short  time,  the  entire  squadron  of  five  iron-clad  men  of  war,  all  ready  for  bea  and  active 

kerriee. 

N'u  in  Appoistmf.xts, — The  following  appointments  have  taken  place  since  our  last. 
E.  J.B.   Bird,  Chief  Engineer,  to  th  J.  Grant,  Acting 

Assist.  Bngfaj  '  niiimerary ;  I:.   B. 

tin-  Pandora;  J.  \..  Davies,  of  tin,-  Spiamx,  promoted  to  Engineer;  II.  William  . 

Engfa r,  ';     l. nil,  Engineer,  II.  White,  and  .1.  Dingwall,  Assist.  Engini 

rj  T.  Baldwin,  First-class  Engini  aerary;  W.P.  Gayer, 

intin  promoted  to'  Engineer,  to  the  St. 

■  W  J.  Ilil.it.  and  i.l  broke  and    ' 

lively;  J.  Roberts,  Acting  Chief  Engineer,  to 
i'.  I.  rnont,  and  P.  E.Shean.  Assist.  I 
tin'  Hatting  .  for  i.  c.  William  B.  w.  Jones, 

- :  I,.  Thompson,  of  the  >. 
'I.I.    I,  l    ■  ■  „,  ami   I'.  Wheeler,  "i  •  imoted  to  I 

■i.  Pearse,  of  the  Halaeea,  D.  P 
Parrant,  of  Ihe  Wrangler, and  G.  II.  Loxdale,  ol  .  promoted  I 

U.  Williamson,  Chief  Engineer,  and  J. 
,  in  the  Harrier,  promoted  to  A  -11  and 

i  unier,  Assist.  Engineers,  ,  to  the 

'  pcrnumerary :  T.  Bullions,  Chief  ml  W. 

Bkelton,  Assist.  Engineers,  to  tni  v, .  Hulford, 

Engineer,  W.  I!.  Cottatn,  J.  Wendover, and G.  Pordham,  Assi  t.  Engini 
<'.  P.  Hulford,  Assist.  Engineer,  to  th 

Engineer,  to  the  Indue,  for  the  Aurora;  B.  W,  Waf  promoted  to  ' 

Engineer;  .i.  I).  Lamont,  Assist.  Engineer  to  tie    i 
Ball,  Assist    Engi  i  W.  Ponton  (a)  and  i 

from  tin'  /,' 

'  l .  Martoll,  i 

J.  Bice,  J.  Slater,  and  G,  Patterson,  Assi  I,  Engini  i  .  tod  J, 
Engineer,  to  tl 
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Expeeijtexts  at  Shoebubtness. — On  the  27th  March  the  members  of  the  Ordnance 
Select  Committeee  and  the  Ironplate  Committee,  made  some  novel  gunnery  experiments 
at  Shoeburyness,  both  with  cannon  and  forms  of  projectiles.  The  first  was  made  by  the 
Ordnance  Committee  entirely,  and  consisted  of  trials  to  ascertain  how  far  a  method  now 
rather  in  favour  among  French  artillerists,  by  which  a  series  of  holes,  about  an  inch  in 
diameter,  are  bored  through  the  substance  of  the  cannon  near  its  muzzle,  in  order,  by 
permitting  a  quick  escape  of  gas,  to  diminish  its  recoil,  affects  the  service  of  the  piece 
as  to  range  and  accuracy.  The  experiments  were  made  with  two  brass  nine-pounder 
ordinary  smooth-bore  field  pieces,  which  were  loaded  with  the  usual  service  charges  and 
spherical  shot.  Five  rounds  were  fired  from  each  ?un  in  succession,  the  recoil  of  both 
being  carefully  measured  after  each  discharge.  Tbey  were  then  shifted,  so  that  each 
occupied  the  platform  which  had  been  used  by  the  other,  when  again  more  rounds  were 
fired.  The  general  merits  of  the  performances  of  each  gun  could  be  seen  at  a  glance, 
and  were  exactly  what  were  anticipated  before  a  shot  was  fired.  The  recoil  of  the  ordi- 
nary gun  was,  in  round  numbers,  .just  twice  as  great  as  that  which  had  the  holes  bored 
round  the  muzzle,  while  the  range  and  accuracy  of  the  latter  were  scarcely  more  than 
half  as  good  as  that  of  the  common  piece.  The  lateral  escape  of  gas  and  flame  through 
the  side  holes  of  the  French  gun  was  very  great  indeed,  so  much  so  as  to  prove  at  once  ' 
that  even  if  the  gun  otherwise  possessed  trie  most  transcendent  merits  it  could  never  be 
used  either  on  shipboard,  in  casemates,  or  even  at  embrasures.  In  the  open  air  the  trigger 
had  to  be  pulled  by  a  lanyard  nearly  20  yards  long.  One  half  of  the  force  of  the  explo- 
sion evidently  escaped  through  the  side  holes  before  the  force  of  the  powder  was 
expended  on  the  shot,  and  virtually  therefore  the  barrel  of  the  gun  is  shortened  by  as 
much  of  its  length  as  is  thus  perforated.  The  results  obtained  with  this  curiously  bored 
gun  on  Friday  were  enough  apparently  to  satisfy  the  Ordnance  Committee  that  it  would 
be  a  waste  of  time  to  continue  the  experiments  further.  Some  experiments  were  then 
made  with  the  Armstrong  110-pounder  service-gun,  loaded  with  steel  shot,  against  a  box 
target  faeed  with  4-S-ineh  plates,  and  lined  inside  with  teak  and  an  iron  skin  like  the 
Warrior.  The  only  interest  of  this  experiment  was  to  test  the  penetrative  power  of  the 
projectiles,  one  of  which  was  prepared  by  the  Ordnance  Committee,  weighing  651b.  and 
fired  with  a  161b.  charge  of  powder.  The  immense  superiority  of  this  projectile  over  the 
east  iron  and  wrought  iron  shot,  which,  as  the  standards  or  units  of  penetration,  were 
fired  at  the  target  before,  was  at  once  apparent.  Its  indentation  was  nearly  50  per  cent, 
deeper  than  either  the  wrought  or  cast  iron  missiles.  The  next  shots  tried  were  those  of 
a  peculiar  kind  of  steel  made  by  Messrs.  Makin  and  Sons,  of  Sheffield.  This  occasion 
was  the  third  time  that  steel  shots  supplied  by  this  firm  have  been  tried  at  Shoeburyness. 
and  always  with  the  same  result — that  their  metal,  both  for  toughness  and  hardne-s, 
is  superior  to  any  other  kind  that  has  yet  been  experimented  upon.  A  conical-headed 
shot  of  this  kind,  of  which  the  cone  was  small  and  sharp,  with  a  very  full  shoulder, 
weighing  651b.  and  propelled  by  only  141b.  of  powder,  smashed  its  cone  completely  through 
the  plate,  damaging  the  backing  and  breaking  a  rib  behind — the  greatest  result  that  has 
ever  been  obtained  with  so  light  a  shot  and  so  small  a  charge.  It  was  evident  that  only 
the  very  full  form  of  the  shoulder  beneath  the  cone  (part  of  which  was  sheared  off)  pre- 
vented the  whole  going  completely  through  the  target.  A  second  shot  of  the  same  kind, 
the  same  weight,  and  fired  with  the  same  charge,  struck  the  upper  plate  of  the  target  on 
an  uninjured  part,  and  about  12in.  from  its  edge.  It  completely  smashed  away  a  piece 
about  lain,  deep,  by  18  or  20  wide,  splintering  and  ripping  up  the  backing  behind.  One 
piece  of  the  plate,  of  considerable  weight,  was  carried  far  behind  the  target  where  it  fell 
with  the  shot  itself.  An  examination  of  the  latter  showed  a  part  of  the  cone  broken  off, 
but  in  other  respects  it  was  little  injured,  though  the  injury  to  the  target  was  very  for- 
midable, in  spite  of  the  hard,  rather  than  tough,  character  of  its  metal.  The  trial  seemed 
to  show  that  to  pierce  the  plates  almost  as  much  depends  upon  the  metal  of  the  projec- 
tile as  upon  either  the  gun  or  charge  of  powder  which  flies  it.  Certainly,  the  result 
seemed  quite  to  upset  the  notion  that  a  flat-headed  shot  is  essentially  necessary  to  punch 
armour  plates,  and,  on  the  other  hand,  to  strengthen  the  belief  that  the  best  form  for 
this  purpose  may,  after  all,  and  with  proper  metal,  be  found  to  |be  the  conical  form 
adopted  by  Sir  William  Armstrong. 

.U>Ti:iA.v  Gnu  Cotton.— Take  cotton  yarn  and  twist  it  into  strands  of  suitable  Mze 
to  answer  the  same  purpose  as  grains  in  gunpowder.  (The  size  of  these  strands  can  only 
In-  ascertained  by  experiments.)  It  is  then  steeped  for  a  few  minutes  in  nitric  acid.eon- 
tained  in  a  stoneware  vessel,  sdneezed,  and  thoroughly  washed  by  water,  which  is'per- 
mitted  to  fall  upon  it  from  a  pipe  set  at  a  height  of  several  feet.  After  this  it  is  squeezed, 
and  dried  in  a  room  heated  to  130  Fahr.,  when  it  is  ready  to  be  treated  with  a  mixture 
of  nitric  acid  of  1'52  specific  gravity,  and  sulphuric  of  111  specific  gravity.  These  acids, 
in  equal  quantities,  are  mixed  together  in  a  glass  or  stoneware  vessel,  and  allowed  to 
stand  for  twenty-four  hours,  then  the  prepared  yarn  is  immersed  in  it  for  forty-eight 
hours,  with  occasional  stirring  ;  the  vessels  being  covered;  then  it  is  squeezed,  washed 
for  several  hours  in  running  water,  and  dried  again.  Alter  this  it  is  soaked  for  a  short 
period  in  dilute  silicate  of  potash,  squeezed,  washed  again,  dried,  and  is  lit  for  use.  This 
gun  cotton  is  manufactured  by  II.  Ib-ny,  of  Vienna,  it  emits  but  little  smoke,  ami  is 
;ect,  like  common  gun  cotton,  to  explode  by  percussion. 

Ban  worn  Pujujucs.— Captain  Caron  has  been  for  some  time  addressing  papers  to  the 
■  bis  experiments  on  steel,  effected  at  the  Depot  ties  Po« 

ll  metal  to  ordnance  and  firearms  in  general. 
Hon  than  twelve  inoiit  plea  of  a  peculiar  soft  steel  were  brought   to 

artillery  factories,  ami  the  remarkable  qualities  of  this  metal  induced  Colonel   i'rielle  ds 
Beaulicu,  tl apply  it  to  the   manufacture  of  tubes   Intended  to   proteol   the 

.I  the  points  ol  ngnt  of  heavy  ordnance.    This  steel  has  the  property  of  drawing 
cold,  in  tubes  of  an)  dimensions,  and  after  drawing — above  all,  if  the  metal  be  temp 
—the  grain,  perfectly  boo  me  and  watered,  the  steel  has  become  strengthened 

w), and  olli  i  nlinary  amount  of  resistance.    Since  then,  gnu  barrel-, 

manufactured  from  the  -ame  material,  haye  been   presented  I"  the  factory  lor  the  models 
of  arms,  and  Captain  Maidm,  director  of  this  c-labli-hm  n  I.    the  beauty  of  this 

metal,  thought  it  his  duty  to  try  the  barrels,  in  order  to  establish  their  quality,  '  '" 
lowing  are  'in-  very  curious  results  at  which  this  officer  hasantved  —  A  gun  barrel  of  the 

ordhian.  dimensions  of  that  of  a  sporting  gun,  after    having  been   tri  i    Irsl 

with  90  gramme's  (1  <>/..)  of  powder,  and  one  hall  of  37  grammes  (1J   01  |      I 
producing  no  deterioration,  wa- followed  by  trials  with  a  ball  of  the  same    Use,  and  in- 
creasing the  liiarge  by  lo  grammes  at  a  time  up  to  li"  gi..  I  ■      .    ■ 
were  then  replaced  by  Vi  grammes  of  extra  fine  Bsquerdea  powder  (the  most  destr 
powder  known).  Not  being  able  to  burst  the  barrel,  the  experiments  wire  continued  with 
gunpowder,  ami  afb  r  some  trials,  a  charge  of  160  grammes  (60s.)  was  arrived  at  without 

imbuing  a  rupture.     A  last  experiment  was   then  tried,  in  whil 

powder  ami  five  balls  were  employed,  the  latter  weighing  together  136  grammes 
lio/.l  well  rammed  home  The  only  injury  seen  »~i-  a  swelling  in  the  barrel  .11  iln 
where  each  of  theballi  were  pis  oven  oraeked.    11 

it  be  considered  thai  the  charge  of  powder  n  Iln.  long,  and  thai  1  more  eon- 

ale  qoanttty  would  11  I  time  to  burn  anUrelv,  ll  maj 

'•liided  from  these  experimi  a)    th  tl  the  " 

abb'  oi  giving  armi  whli  b  cannot  be  burs! 

powder  whatever. 

batham,  din 
thai  particular  cart  -th  of  all  .breeching  bol 

•  their 
lightness  a»  compared  with  the  ihof  I 
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STEAM  SHIPPING. 

The  Peninsular  and  Oriental  Company's  Fleet.— Two  of  the  eight  new  vessels  by 
which  the  Peninsular  and  Oriental  Company's  already  numerous  and  powerful  steam  flee, 
is  about  to  be  augmented— viz.,  the  Poonah  and  the  Carnatic— axe  now  completed  and 
ready  for  sea.  The  first  of  these  had  her  official  trial  trip  on  the  11th  ult.  The  Rangoon, 
built  by  Messrs.  Samuda,  has  recently  been  launched;  the  Syria,  building  by  Messrs. 
Day  and  Co.,  of  the  Northam  Ironworks,  at  Southampton,  will  be  ready  about  September 
next  •  the  Oolconda,  by  the  Thames  Ironworks  Company,  at  the  end  of  the  year ;  the 
Delhi,  by  Messrs.  Wigram,  in  the  spring  of  1864;  the  Baroda,  by  Messrs.  Samuda,  in  the 
summer  of  1864 ;  and  orders  have  just  been  given  to  the  Thames  Iron  Company  to  con- 
struct a  new  paddle  steamer  which  is  not  yet  named.  All  these  vessels  are  screws,  with 
the  exception  of  the  Syria  and  the  one  last  mentioned.  The  Poonah  is  a  magnificent 
screw  steamer,  built  and  equipped  by  the  Thames  Ironworks  Company  at  Blackwall,  and 
fitted  with  engines  of  500-horse  power  nominal  by  Messrs.  Humphrys  and  Tennant,  of 
Deptford.  The  length  of  the  Poonah  is  315ft. ;  extreme  breadth,  41ft. ;  depth  of  hold, 
30ft. ;  tonnage,  builders'  measurement,  2596 ;  3370  tons  displacement.  She  has  609ft.  of 
section  and  226ft.  of  firebar;  and  her  indicated  horse-power  is  2356.  She  has  a  pair  of 
compound  engines,  on  the  same  principle  as  those  of  the  Mooltan,  but  laid  horizontally 
instead  of  vertically,  as  in  that  vessel,  and  at  a  moment's  glance  will  convince  the  most 
unpractised  eye  that  engines  of  this  character  are  well  adapted  for  ships  of  war,  they 
being  out  of  the  way  of  all  shot.  The  vessel  is  steered  by  Mr.  Humphrys's  hydraulic 
steering  gear,  which  has  been  found  to  answer  so  well  in  the  Mooltan,  and  among  other 
numerous  ingenious  inventions  she  is  fitted  with  Captain  Field's  improved  compass  cor- 
rector and  course  register.  The  following  is  the  result  of  four  runs  at  the  measured  mile 
in  Stokes  Bay  .—First  run,  4  minntes  4  seconds,  equal  to  14754  knots  per  hour,  64  revo- 
lutions; second  run,  4  minutes  52  seconds,  equal  to  12'329  knots,  64  revolutions;  third  run, 
4  minutes  11  seconds,  equal  to  H342  knots,  61  revolutions:  fourth  run,  4  minutes  51 
seconds,  equal  to  12'371  knots,  63  revolutions  ;  the  true  mean  of  the  whole  being  13-391 
knots  per  hour.  Pressure  of  steam,  251b. ;  vacuum,  25 ;  weight  of  coals,  water,  &c,  on 
board,  893  tons.  She  ran  on  an  even  keel,  the  draught  of  water  being  19ft.  llin.,  both 
fore  and  aft.  When  at  full  speed  the  ship  made  a  full  turn  in  8  minutes.  The  machinery 
worked  in  the  freest  manner  throughout  the  trial. 

The  Trial  Trip  op  the  "  Princess  Alexandra"  took  place  on  the  8th  ultimo.  The 
Princess  Alexandra  has  lines  well  adapted  for  sea-going  qualities.  Her  length  between 
perpendiculars  is  176ft. ;  breadth,  extreme,  24ft. ;  depth,  14ft.  7in.  She  has  a  pair  of 
engines  by  Messrs.  Penn  and  Son,  each  of  90  horse-power,  but  capable  of  working  up  to 
six  times  that  power.  The  engines  are  upon  the  oscillating  system,  the  cylinders  of 
52in.,  stroke  4ft.  At  the  measured  mile  off  the  Lower  Hope,  the  distance  was  run  against 
tide  in  4  mill.  45  sec,  giving  a  speed  equal  to  J2'63  knots  pev  hour.  On  returning  with 
the  tide,  but  against  a  strong  head  wind  from  S.W.,  the  measured  mile  was  run  in  3  min. 
46  sec,  equal  to  a  speed  of  159  knots  per  hour.  The  mean  of  the  run  was  at  the  rate  of 
14'26,  being  nearly  14  knots  above  the  contract  speed. 

Trial  oe  the  New  Steamer  "  Carnatic." — This  handsome  vessel  was  built  on  the 
Thames,  by  Messrs.  Samuda,  and  engined  by  Messrs.  Humphrys  and  Tennant,  of  Dept- 
ford. Her  keel  was  laid  on  the  30th  of  January,  1862,  and  she  was  launched  on  the  6th 
December  last.  The  following  are  her  dimensions : — Length  over  all,  315ft. ;  length  be- 
tween perpendiculars,  285ft.;  extreme  breadth,  38ft.;  depth  of  hold,  28ft.;  tonnage, 
builders'  measurement,  2014;  displacement,  2800  tons;  midship  section  immersed,  548ft. 
She  is  fitted  with  a  pair  of  combined  cylinder  engines,  inverted,  with  surface  condensers, 
two  of  the  four  cylinders  being  43in.  diameter  and  the  other  two  96in.,  with  3ft.  stroke, 
and  Lamb's  patent  sheet  flue  boilers.  She  is  propelled  by  a  two-bladed  screw,  with  the 
leading  corners  cut  oft;  diameter  16ft.,  and  23ft.  pitch  ;  and  steered  by  Humphry's  patent 
hydraulic  steering  gear.  The  weight  of  coals,  water,  stores,  and  ballast  on  board  during 
the  trial  on  the  18th  ult.  was  793  tons,  and  the  vessel's  draught  of  water  was  18ft.  5in. 
forward,  and  18ft.  4|-in.  aft.  The  Carnatic  made  four  runs  at  the  measured  mile  in  Stokes 
Bay  with  the  following  results : — 1st  run,  5m.  9s.,  equal  to  11'650  knots  per  hour,  71J  re- 
volutions; 2nd  run,  3m.  54s.,  equal  to  15'381  knots,  71  revolutions;  3rd  run,  4m.  47s., 
equal  to  12'543  knots,  72  revolutions;  4th  run,  3m.  50s.,  equal  to  15-652  knots,  72J-  revo- 
lutions ;  pressure  of  steam,  26lb. ;  vacuum,  28 ;  force  of  wind,  4,  E.N.E.  to  S.S.E.  The 
true  mean  of  the  four  runs  was  13835  knots  per  hour.  The  first  and  third  were  against 
wind  and  tide,  and  the  second  and  fourth  with.  The  engines,  which  are  of  400-horse 
power  nominal,  indicated  2-142  during  the  trial,  being  over  six  times ;  whilst  four  times 
the  nominal  horse-power  is  generally  considered  good  for  a  new  vessel.  She  has  168ft.  of 
firebar,  so  that  the  result  showed  no  less  than  14-horse  power  per  foot  of  firebar;  whilst 
Her  Majesty's  ship  Warrior,  on  her  trial  trip,  realized  6-i-horse  power  per  foot  of  bar,  the 
difference  being  the  true  measure  of  the  economy  of  fuel. 

Trial  Trip  op  the  Steamer  "Roman."— The  new  screw  steamship  Soman,  one  of 
the  fleet  of  the  Union  Company,  which  carries  on  the  mail  service  between  this  country 
and  the  Cape  of  Good  Hope,  underwent  an  official  trial  on  the  23rd  ult.,  at  the  measured 
mile  in  Stokes  Bay,  prior  to  leaving  with  the  outward  May  mails.  This  vessel,  which  is 
the  seventh  built  for  the  company  by  Mr.  Charles  Lungley,  of  Deptford-green  Dockyard, 
is  the  second  he  has  constructed  on  his  unsinkable  and  fireproof  principle.  A  watertight 
trunkway  is  earned  from  each  lower  deck  to  the  upper  deck,  so  that  in  the  event  of  water 
getting  into  either  of  the  bulkheads  it  cannot  rise  throughout  from  deck  to  deck,  as  in 
ordinary  ships,  but  can  only  rise  in  the  watertight  trunkway,  the  rest  of  the  vessel  being 
kept  buoyant  and  free  from  water.  The  dimensions  of  the  Soman  are  as  follows ; — length 
over  all,  279ft.  lOin. ;  length  between  perpendiculars,  268ft. ;  breath  of  beam,  32ft.  3in. ; 
depth  of  hold,  26ft. ;  registered  tonnage,  1027  tons.  The  engines,  constructed  by  Messrs. 
Day  and  Co.,  of  the  Northam  Ironworks  at  Southampton,  and  laid  horizontally,  are  of 
220  nominal  horse  power,  giving  out  an  indicated  power  of  973,  and  are  fitted  with  the 
modern  improvements  for  saving  fuel, — viz..  superheating  apparatus,  surface  condensers, 
and  steam  jackets  to  the  cylinders.  The  results  of  four  runs  at  the  mile  were  as  follows': 
1st  run,  5  min.  4  sec.  equal  to  11'841  knots  per  hour,  74  revolutions;  2nd  run,  5  min.  8 
sec,  equal  to  ll-688  knots,  72  revolutions ;  3rd  run,  5  min.  26  sec,  equal  to  1P043  knots, 
751  revolutions ;  4th  run,  4  min.  44  sec,  equal  to  12'676  knots.  75i  revolutions ;  pressure 
of  steam,  2211bs. ;  vacuum,  26in.  The  true  mean  of  the  four  runs  was  ir588  knots,  to 
which  the  surveyors  add  a  third  of  a  knot  to  compensate  for  the  adverse  influences  of  the 
wind,  which  was  blowing  strong  throughout  from  the  north-west,  with  a  force  of  5  to  7. 
The  vessel's  draught  of  water  was  14ft.  Sin.  forward,  and  15ft.  aft.,  and  she  had  470  tons 
of  coals  and  stores  on  board.  The  Saxon,  a  sister  ship  to  the  Soman,  and  which  is  now 
making  her  maiden  voyage  out  to  the  Cape,  was  built  and  engined  by  Messrs.  Day  and 
Co.,  the  engines  for  the  Soman  being  the  ninth  pair  constructed  by  that  firm  for  the 
Union  Company.  This  Company  has  the  longest  steam  line  in  existence,  and  as  an  in- 
stance of  the  test  to  which  the  machinery  of  these  Cape  steamers  is  subjected,  it  may  be 
mentioned  that  on  her  last  voyage  the  Briton  made  the  run  from  Plymouth  to  Table  Bay 
in  32  days  19  hours,  during  which  time  her  engines  were  not  once  stopped,  and  thus  made 
by  the  counter  2,644,320  revolutions  without  cessation. 

Iron  Shipbuilding  on  the  Diagonal  Principle.— An  iron  clipper  ship,  called  the 
Sydney  JSggers,  and  built  on  Taylerson's  patented  diagonal  principle,  is  at  present  to  be 
seen  in  the  Wapping  Dock,  Liverpool.  The  principle  adopted  by  Mr.  Taylerson,  and  for 
which  he  has  obtained  a  patent,  is  widely  different  from  that  now  employed  by  ship- 
builders. In  the  ordinary  construction  the  frames  arc  placed  vertically,  and  parallel  to 
each  other,  the  frames  being  secured  to  the  outside  skin  by  rivets  in  a  direct  vertical  line 
from  the  gunwale  to  the  keel  on  each  side  of  the  vessel.    This  plan,  Mr.  Taylerson  con- 


tends, is  a  source  of  weakness,  springing  from  two  causes — first,  the  frames,  being  in  a 
vertical  direction  and  parallel  to  each  other,  cannot  offer  sufficient  (resistance  to  any 
force  or  strain  having  a  tendency  to  tear  tho  ship  asunder ;  and,  secondly,  the  frames 
being  secured  to  the  outside  shell  by  rivets  running  in  a  vertical  line  from  the  gunwale 
to  the  keel  entail  one  continuous  line  of  weakness  in  that  direction.  The  leading  features 
of  the  diagonal  plan,  as  described  by  the  inventor,  are  these: — "That  in  the  ease  of  the 
vertical  principle  the  line  of  resistance  to  any  force  acting  in  the  direction  of  the  vertical 
planes  of  the  ship  will  be  in  a  line  with  the  shortest  circumferential  line  of  the  body  of 
the  ship,  thereby  opposing  the  least  amount  of  resistance  to  fracture  coming  in  the 
direction  of  these  planes ;  whereas,  in  the  case  of  a  ship  bnilt  in  accordance  with  my 
diagonal  principle  the  line  of  resistance  to  forces  acting  in  the  direction  of  these  vertical 
planes  be  diagonal  to  the  circumferential  line  of  the  body  of  the  ship,  thereby  opposing 
the  greatest  amount  of  resistance  that  can  be  given  to  an  angle  equivalent  to  the  inclina- 
tion of  the  frames.  The  same  argument  and  the  same  reasoning  apply  to  the  perfora- 
tions in  the  plates,  or  outside  skin,  which,  running  in  the  same  vertical  line  with  the 
frames,  as  already  described,  produce  a  series  of  lines  of  inherent  weakness  in  the  structure 
of  the  ship,  and  which  I  propose  to  remedy  by  my  patented  mode  of  making  the  line  of 
junction  of  the  butts  of  the  plates  diagonal  instead  of  vertical,  as  in  the  present  mode  of 
construction."  In  connection  with  the  diagonal  framework  Mr.  Taylerson's  introduces 
bulkheads  on  a  new  construction,  and  also  a  hollow  keel  and  keelson,  all  of  which  afford 
increased  strength  and  security  to  the  vessel.  The  ship  Sydney  Eggers  affords  an  illus- 
tration of  the  patent.  She  is  a  handsome  vessel,  of  847  tons  register,  with  extensive 
carrying  capaiety.  In  a  report  from  Mr.  R.  Thornton,  civil  and  practical  engineer, 
Edinburgh,  he  states  that  to  tear  assunder  a  ship  on  the  vertical  principle,  size  and 
weight  of  metal  being  the  same  as  Taylerson's,  a  strain  would  be  required  equal  to 
11,610  tons  weight  at  each  end ;  whereas  on  the  diagonal  plan  it  would  bear  a  strain  equal 
to  a  weight  of  23,1524  tons  without  any  injurious  effect  on  the  vessel. 

LAUNCHES  OP  STEAMERS. 

Launch  op  the  "Marco  Polo"  Mail  Steamer. — On  the  9th  ult.  Messrs.  W.  Simons 
and  Co.,  London  Works,  Renfrew,  launched  a  very  handsome  new  passenger  paddle- 
steamer  for  the  mail  service  of  750  tons,  and  250  horse-power.  She  was  christened  Marco 
Polo  by  J.  Beaumont  Neilson,  Lsq.  The  engines  were  also  manufactured  at  the  London 
Works,  and  were  started  and  worked  on  board. 

Launch  of  Steamers  on  the  Clyde. — The  Clyde  builders  continue  exceedingly  well 
employed.  Messrs.  Henderson,  Coulburn,  and  Co.,  of  Renfrew,  have  launched  a  screw 
named  the  William  de  la  Sue,  177ft.  in  length,  24ft.  6in.  in  breadth,  and  13ft.  in  depth, 
with  engines  of  90-horse  power  on  the  diagonal  oscillating  principle.  She  has  been 
built  for  Mr.  H.  S.  Seligmann,  of  Glasgow,  and  is  to  be  devoted  to  the  Bordeaux  trade; 
her  builders  are  now  engaged  on  a  sister  vessel  for  the  same  line,  which  is  nearly  ready 
for  launching.  Messrs.  VV.  Denny  and  Brothers  have  launched  a  screw  of  2000  tons, 
built  for  Messrs.  A.  Lopez  and  Co.,  of  Alicante,  and  intended  for  the  Spanish  line  of 
mail  steamers  between  Cadiz  and  Havannah.  She  has  been  named  the  Principe  Alfonso, 
and  is  now  being  fitted  by  Messrs.  Denny  and  Co.  with  engines  of  400-horse  power. 

TELEGRAPHIC  ENGINEERING. 

Submarine  Cable  in  Lough  Foyle. — Mr.  B.  D.  Watlock,  chief  engineer  of  the 
Magnetic  Telegraph  Company,  lately  submerged  a  telegraph  cable  in  Lough  Foyle,  by 
means  of  which  from  two  to  four  hours  will  be  saved  in  the  transmission  of  despatches 
by  the  Canadian  steamers. 

Submarine  Telegraph  Communication — Duncan's  Ratan  Cable. — The  strength 
of  this  cable  has  been  carefully  tested,  and  given  satisfactory  results.  A  copper  wire  of 
seven  strands,  the  combination  being  about  Jin.  in  diameter,  is  surrounded  with  a  pro- 
tecting covering  of  India  rubber,  or  other  suitable  material,  and  the  canes  are  then  laid 
spirally  round,  as  in  the  ordinary  wire-rope  cable.  It  has  been  found  by  experiment  that 
a  cable  so  made,  and  protected  with  a  coating  of  Duncan's  patent  compound,  weighs  but 
f  ton  to  the  nautical  mile,  and  will  bear  a  breaking  strain  of  2J  to  2f  tons,  the  specific 
gravity  being  T059.  When  a  single  wire  is  laid  with  each  cane,  so  as  to  give  additional 
weight  and  strength,  the  weight  is  raised  to  1  ton  per  nautical  mile,  and  the  breaking 
strain  is  4  tons,  the  specific  gravity  being  P288.  And  when  by  laying  a  double  wire  with 
each  cane  the  weight  is  raised  to  li  ton  per  mile,  the  breakingstraiu  is  from  6  to  6-J-  tons 
and  the  specific  gravity  P54.  Mr.  Duncan  states  that  in  the  last  two  instances  floatation 
and  gravitation  are  excellently  and  mechanically  united  and  balanced.  With  regard  to 
the  joining  of  the  canes,  he  tells  us  that  some  doubts  have  been  expressed  as  to  the 
practicability  of  effectually  and  strongly  joining  the  canes,  he  is  desirous  of  stating  that 
the  joints  are  made  very  easily  and  simply,  and  on  being  tested  they  have  been  proved  to 
be  as  strong,  or  even  stronger,  that  the  canes  themselves.  The  joints  will  be  arranged 
to  fall  at  intervals  and  break  joint,  so  as  to  secure  the  maximum  strength.  It  is  con- 
sidered that  although  ratan  cane  is  most  peculiarly  and  strikingly  adapted  for  deep 
water  cables,  yet  by  its  wonderful  durability  in  foul  mud,  and  other  usually  destructive 
influences,  it  is  not  less  valuable  as  a  protection  to  the  heavy  metal  sheathing  of  shallow 
water  cables. 

Extracts  from  Dr.  Odling's  Seport  on  ratan  cane. 
"The  entire  cane  yields  8'03  per  cent,  of  ash,  having  the  following  composition: — 

Silica    76-04    Soda  6'86 

Sulphuric  acid  7'36    Lime 237 

Potash 7'30  

Total  9093 

with  traces  of  iron,  manganese,  magnesia,  and  phosphoric  acid.  The  outer  portion  of  the 
cane,  sliced  oft'  with  a  knife,  yields  40-04  per  cent,  of  ash,  of  which  97'07  per  cent,  is 
silica.  The  remainder  of  the  cane,  from  which  the  exterior  had  been  sliced  off,  yields 
2-40  per  cent,  of  ash,  of  which  28'26  per  cent,  is  silica.  The  substance  of  the  cane  is 
made  up  of  cellular  tissue,  with  irregularly  interspersed  bundles  of  woody  fibre,  or 
more  correctly,  of  libro-vascular  tissue.  The  cuticle  of  the  cane  consists  of  flattened 
closely  adherent  cells,  filled  with  silica,  so  as  to  form  a  complete  siliceous  sheath  to  the 
whole." 

RAILWAYS. 

The  East  India  Railway,  which  was  begun  in  1851,  has  been  carried  on  at  the  rate 
of  90  miles  a  year,  and  is  completed  from  Calcutta  to  a  point  near  Delhi,  with  the  excep- 
tion of  140  miles. 

Railway  through  Ghrenwich  Pake. — Two  reports,  one  by  Prof.  Airey,  the  other  by 
Admiral  Washington,  on  the  above  [line  of  railway,  which  has  lately  been  proposed,  have 
been  just  published.  Admiral  Washington  says: — "  I  have  read  the  report  of  the 
Astronomer  Royal,  giving  the  result  of  some  former  experiments  on  the  vibration  caused 
by  the  passage  of  a  railway  train  at  the  distance  of  1000ft.,  and  I  am  of  opinion  that  their 
lordships  should  withhold  their  assent  to  any  line  of  railway  that  passes  within  that  dis- 
tance of  the  Royal  Observatory.  No  doubt  the  accommodation  and  convenience  of  the 
travelling  public  should  have  every  consideration,  but  with  all  due  deference  it  must  not 
be  allowed  to  interfere  with  the  high  character  that  the  astronomical  observations  made 
at  Greenwich  have  hitherto  borne.  Of  the  two  proposed  railways  the  London,  Chatham, 
and  Dover  extension  passes  within  825ft.,  and  the  South  London,  Greenwich,  and  Wool- 
wich within  610ft.  of  the  Royal  Observatory.  I  therefore  submit  that  their  lordships 
refuse  their  assent  to  both  the  above  bills,  and  that  the  Board  of  Trade  be  so  informed." 


Tsb  Aktizak,"] 
May  1,1863.    J 
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Metropolitan  Railway  Communication.— The  Select  Committee  appointed  to  in- 
quire whether  any,  and,  if  any,  which  of  the  schemes  before  Parliament  for  the  construc- 
tion of  lines  of  railway  within  the  limits  of  the  metropolis  can  be  proceeded  with  in  the 
present  session  without  the  risk  oi  interfering  with  the  future  adoption  of  a  comprehen- 
sive plan  of  metropolitan  railway  communication,  and  to  consider  what  provision  can  be 
made  for  the  securing  such  a  comprehensive  system,  with  the  greatest  advantage  to  the 
public,  and  the  least  inconvenience  to  the  local  arrangements  of  the  metropolis,  and  to 
report  to  the  House, — report  that  the  committee  have  met,  and  having  considered  the  Bills 
referred  to  them  according  to  the  terms  of  the  reference,  but  without  any  consideration 
of  their  merits,  they  are  of  opinion  that  there  is  no  reason  why  the  following  Bills  should 
not  be  proceeded  with  in  the  ordinary  course. — The  Midland  Railway  (Extension  to  Lon- 
don) Bill;  Barnes,  Hammersmith,  and  Kensington  Railway  Bill  (the  agent  for  the  Bill 
having  informed  the  committee  that  it  is  not  intended  to  proceed  with  that  portion  of 
the  line  between  Kensington  and  the  junction  with  the  West  London  Extension  Railway) ; 
Hammersmith  and  City  Railway  Bill ;  Victoria  Station  and  Pimlico  Railway  Bill ;  Totten- 
ham and  Hampstead  Junction  Railway  Bill;  London,  Chatham,  and  Dover  Railway  (Xo. 
1)  Bill  (with  the  exception  of  the  Thames  Branch);  Ludgats  Station  and  Junction  Rail- 
ways Bill ;  and  London,  Brighton,  and  South  Coast  Railway  (Extensions  and  Alterations, 
&c.)  Bill  And  the  committee  are  also  of  opinion  that  it  is  not  expedient  to  proceed  fur- 
ther with  the  East  London  and  Rotherhithe  Railway  Bill;  Grand  Surrey  and  Commercial 
Docks  Railways  Bill ;  Metropolitan,  Tottenham,  and  Hampstead  Railway  Bill ;  Rother- 
rjithe  Railway  Bill;  and  the  London  Railway  (Victoria  Section)  Bill. 

The  I.udgate  Hill  Viaduct. — The  secretary  of  the  London,  Chatham,  and  Dover 
Railway  states  that  the  company  are  willing  to  construct  such  a  bridge  as  will,  at  once, 
be  an  ornament  to  the  City,  and  at  the  same  time  facilitate  the  widening  of  Fleet-street, 
so  that  from  the  .foot  of  Ludgate-hill,  where  the  bridge  crosses,  a  good  view  of  St.  Paul's 
may  be  obtained. 

The  Railway  from  Rome  to  Civita  Vecchia. — An  accident  of  a  single  nature 
threatens  the  railway  from  Rome  to  Civita  Vecchia.  It  consists  of  a  subterranean  llame, 
a  sort  of  incipient  volcano,  which  has  shown  itself  at  the  place  called  Mont-des-Pictres, 
seven  kilometres  from  Rome.  The  focus  of  the  flame  is  on  the  slope  on  the  right  hand 
eide  of  the  railway,  in  going  from  Rome  to  Civita  Vecchia.  The  space  occupied  by  the 
crevices  which  give  forth  the  sulphurous  exhalations  is  about  20  metres  in  length  by  10 
in  width.  The  temperature  of  the  surface  of  the  soil  is  remarkably  high,  so  that  at  cer- 
tain points  it  is  painful  to  remain  standing  for  a  few  moments,  even  with  strong  shoes.  In 
penetrating  the  soil  to  the  depth  of  a  metre,  the  rock  is  found  to  be  incandescent,  and 
visibly  red  in  open  day.  This  ignited  rock  is  a  clayey  slate,  rich  in  lignite  and  in  fossil 
vegetable  deposits  reduced  to  a  bituminous  state. 

The  Mont  C'enis  Towel. — Mr.  Bartlett,  an  English  engineer,  set  to  work  a  boring 
machine,  by  which  a  tunnel  could  be  pierced  with  a  rapidity  eight  or  ten  times  greater 
than  any  hitherto  obtained  bj  ordinary  means;  but  Mr.  Bartlett's  contrivance  was 
wrought  by  steam,  and  could  not  be  applied  to  a  tunnel  where  air  could  not  be  had  for 
combustion.  The  Italian  engineers  proposed  to  substitute  compressed  air  instead  of 
steam;  and,  notwithstanding  long  opposition  on  the  part  of  foreign  scientific  men,  their 
method  is  now  in  full  operation,  and  their  success  exceeded  the  most  sanguine  expecta- 
tions. The  tunnel  was  begun  in  1867,  with  ordinary  means.  That  year  and  the  two  fol- 
lowing were  spent  in  preliminary  operations,  such  as  the  construction  of  houses,  work- 
shops, &c,  for  in  that  inhospitable  regions  there  was  all  to  be  done.  The  first  experi- 
ments with  the  boring  machines  were  made  in  1861  at  Bardonncche,  on  the  Italian  side; 
but  even  on  this  side  the  regular  work  only  proceeded  uninterruptedly  in  ls(;j.  The  in- 
vention of  the  new  machine  was  yet  in  its  infancy;  its  occasional  failures,  and  even  its 
gradual  improvements,  could  not  fall  to  cause  considerable  delays.  The  tunnel  at  Bar- 
donnechc,  on  Jan.  1,  1863,  was  1271  metres.  In  the  years  1H57,  H,  0,  anil  lstso,  724  metres 
had  been  achieved  by  ordinary  means.  By  the  aid  of  the  new  machines  170  metres  were 
added  in  1861,  and  ■'.•■"  in  1862.  On  the  Savoy  side,  at  Modanc,  from  1858  to  Jan.  1,  1863, 
only  the  ordinary  means  were  employed,  and  the  result  was  for  the  whole  of  that  period 
only  925  metres.  The  tunnel,  calculating  the  work  achieved  at  both  ends  up  to  the  be- 
ginning of  the  present  year,  has  attained  a  length  of  2199  metres,  530  of  which  have 
been  made  with  the  new  machines.  What  was  done  at  liardoniicche  in  lst:2,  in  spite  of 
the  imperfection  of  a  half-developed  method — namely,  380  metres— must  surely  be  pos- 
sible in  1803;  nay,  it  is  quite  certain  that  the  result  of  the  present  year  will  be  at  least 
400  metres.  On  the  side  of  Hodane,  again,  the  new  method  was  applied  on  Jan.  25  hist, 
and,  as  there  the  errors  which  retarded  the  work  at  Bardonncche  will  be  avoided,  the 
avoided,  tiie  result  of  the  work  on  both  sides  tor  1863  will  be  no  less  than  800  metres, 
The  engineers  arc  very  confident  that  the  work  will  proceed  with  even  greater  speed,  but 
the  Minister  would  base  his  calculation  on  the  most  certain  data,  and,  by  limiting  tin- 
results  of  the  yearly  progress  to  800  metres,  he  thought  the  whole  undertaking  would  be 
achieved  in  12)  years. 

1,'issmx  IUilwav. — The  concession  for  a  railway  from  Kiel!'  to  Odessa  has  been 
granted  by  the  ilovernment  to  a  Russian  company.  The  railway  will  be  847versts 
or  129  miles  lonir,  With  two  branches  of  300  vents  Or  nearly  1200  miles  each.  The 
capital  will  amount  to  55,000,000  roubles,  or  £8,900,000,  under  a  government  guarantee  of 
.",  pel  '-cut.  im 

RAILWAY  ACCIDENTS. 
Accident  to  an   Exmsa  'i'stiv  o\  Tin    liiri  tT  Xoiitiii  uv  Railway. — An  express 

train  on  the  Great  Northern  Railway,  travelling  atjthe  ordinary  speed  of  ui  miles  an 

hour,  was  nearly  dashed  to  pieces  on  the  evening  of  tho  4th  alt.,  but  fortunateh  no  lives 

were  lost,  although,  most  or  thi  ps  evenly  hart.    The  accident  happened 

close  to  the  Little  Bytham  station,  about  seven  miles  from  Stamford.  Forsoi ustance 

north  of  Little  By tfiam  the  line  runs  along  a  high  embankment,  which  on  passing  the 
village  itself  is  elevated  above  the  top  ol  theadjaconl  noose  Borne  90  yards  from  the 
station  are  a  series  of  what  are  called  "  coal  drops,"  by  means  of  which  coal  train    an 

unloaded  oi  their  content   ;  theco  I    i %  through  openings  between  the  rails  to  the 

ground  below,  whence  the]  are  carted  away.  At  this  point  the  line  appears  to  be  elevated 
somewhere  about  20ft,  above  the  road  below.  On  a  fidlng  over  the  coal  drops  stood  a 
number  of  goods  van  and  cattle  tracks  al  the  time  of  the  accident,  and  to  thl  circum- 
stance must  Ins  "  i  be  attributed  the  escape  ol  an  ongers  with 
their  lives.  ,\n  express  train  leaves  Manchester  for  London  at  8  p  m.,  and  on  tin  oo  a- 
sidh  consisted  of  four  composite  carris                 ted  from  the  tender  by  a  break-van; 

ar  being  brought  op  by  a   , I  break-van,  in  which  was  tin-  guard.     \i  ii  o'clock 

tin  train  had  .pi  i  pai  ed  Little  Bytham  village,  and  was  within  abonl  ISO  yards  ol  the 
station,  the  speed  being,  as  abread]  mentioned,  at  least  10  miles  an  hour,  when  the  tin 
of  the  hading  wheel  of  the  eiu-iii.'  suddenly  mapped 'and  flew  off,  The  whole  train 
Immediatclj  left  tin  main  line,  ploughed  up  the  ballast,  and  rushed  through  the  metals 
The  engine  struck  tho  first  ol  the  vans  standing  over  the  cool  drops 

before  mentioned.     Most  of  tho  cattlo  trucks  and  goods  van-  on  the  siding  won  o - 

pletclj  shivered  to  fragments,  tin-  \; 'work  being  detached  from  tin-  wheel 

all  around;  strong  telegraph pol  and  to  add  t,  thi 

confusion  tin-  wire    rendem i I         le     tor  iimunlcationi  tin   engine  ami 

tender  were  doubled  tip  in  a  way  which  plainly  Indicates  the  terrible  force  "i  n uj. 

slon,  while  th  hutl I  ami  piled  about   the  embankment 

In  a  state  of  ruin  which  rendered  II  apparent!]  hopeless  to  expect  thai  air.  of  tho  p 

gen  could  bo  found  alive.    Onoofth  ontaiidng  several  p  ii i  a 

I  extraordinary  position  :  the  wheels  at  on ,.    metals  on 

the  verge  of  the  cmb  uikmont,  while  the  other  and  wu    npport 
and  dim  prevented  from  falling  a  considerable  depth. 


Acoident  to  an-  Eypbess  Tbain.— On  the  21st  ult.  the  express  on  the  Great  Western 
line  which  left  Birmingham  for  Birkenhead  at  8.55  suddenly  broke  down  on  the  Bradley 
embankment.  The  train  was  running  at  about  30  miles  an' hour,  had  not  stopped  since 
leaving  Birmingham,  and  had  above  three  miles  to  run  before  it  would  reach  its  first 
stopping  station  at  the  entrance  to  Wolverhampton.  When  the  train  was  Hearing  the 
Bradley-bridge  the  engineer  was  alarmed  by  a  violent  jerk  among  the  machinery  of  the 
engine,  which  immediately  afterwards  began,  in  the  words  of  the  engineer  to  "rollabout 
very  much."  but  it  did  not  leave  the  metals,  and  was  brought  to  in  about  300  yards.  It 
was  then  found  that  the  massive  crank  axle  of  the  engine  had  broken  at  the  big  end, 
journal  of  the  connecting  rod,  where  it  is  about  11  inches  across,  and  about  4  inches  in. 
thickness.  The  driving-wheel  at  this  end  of  the  axle  thus  becoming  liberated,  it  fell 
between  the  flange  of  the  rail  and  the  timber  and  broke  off  a  part  of  the  splasher,  and 
to  this  extent  happily  the  accident  was  confined.  There  were  about  six  carriages  i'n  the 
train,  with  the  ordinary  complement  of  passengers,  who  escaped  all  injury.  The  train 
which  was  dated  out  of  Birmingham  five  minutes  alter  the  express  left  was  kept  back  by 
the  prompt  action  of  the  officials  in  charge  of  the  train,  who  hastened  to  Wednesbury 
and  had  the  usual  signals  put  up,  after  themselves  placing  the  fog  signals  upon  the  rails.. 

BOILER  EXPLOSIONS. 
Manchester  Association  foe  the  Pbevention  op  Steam  Boiler  Explosions  —At 
the  ordinary  monthly  meeting  of  this  Association,  held  the  31st  March,  the  Chief  Engineer 
presented  his  monthly  Report,  of  which  the  following  is  an  abstract:— "During  the  past 
month,  there  have  been  examined  370  engines— 1  specially ;  492  boilers— 6  specially  17 
internally,  60  thoroughly,  and  409  externally,  in  which  the  following  defects  have  been 
found :— Fracture,  2  (1  dangerous) ;  corrosion,  18  (2  dangerous) ;  safety  valves  out  of 
order,  4 ;  water  gauges  ditto,  24 ;  (1  dangerous) ;  pressure  gauges  ditto,  16 ;  feed  appa- 
ratus ditto,  5;  blow-off  cocks  ditto,  47  (1  dangerous);  over-pressure,  2-  deficiency  of 
water,  2;  blistered  plates,  2.  Total,  130  (6  dangerous).  Boilers  without  glass  water 
gauges,  1 ;  without  pressure  gauges,  1 ;  without  blow-off  cocks,  36 ;  without  back  pressure 
valves,  58.  Two  explosions  have  occurred  during  the  past  month  to  boilers  not  under 
the  inspection  of  this  Association,  by  which  15  persons  were  killed,  and  16  others  injured 
making  a  total  of  31.  Both  boilers  have  been  personally  examined  subsequent  to  the 
explosion.  No.  4  explosion  occurred  at  an  ironworks  to  a  boiler  connected  to  a  series  of 
eighteen  others.  It  was  very  similar  in  general  construction,  though  not  precisely  so  to 
those  known  as  upright  furnace  boilers,  like  which,  it  stood  erect,  was  of  considerable 
height,  and  surrounded  with  brickwork.  The  top  of  the  boiler  was  hemispherical  and 
the  bottom  flat;  whereas,  in  the  ordinary  furnace  class,  both  ends  are  hemispherical 
which  is  an  important  difference.  The  boiler  was  20ft.  high,  and  about  9ft  Oin  diameter* 
The  internal  fire-box  was  10ft.  high,  4ft.  6in.  diameter  at  the  crown,  and  also  for  about 
the  first  3ft.  6in.  below;  from  which  point  it  tapered  outwards  to  a  diameter,  at  the 
bottom,  of  6ft.  6in.,  leaving  an  annular  water  space  all  round,  about  18in  in  width  be- 
tween it  and  the  shell.  This  fire-box  was  united  to  the  shell  at  the  bottom,  by  a  flat  plate 
connected  by  rings  of  angle  iron  inside  the  water  space.  The  crown  of  this  internal  fire- 
box was  slightly  domed,  and  flanged  at  its  attachment  to  the  cylindrical  sides  being 
amply  stiffened  by  six  angle  irons  laid  across  and  well  rivetted  to  it.  At  the  uppcr'part  of 
the  fire-box  were  the  two  outlets  previously  referred  to,  and  which  were  formed  by  short 
transverse  flues  passing  through  the  water  space,  and  thus  establishing  a  communication 
between  the  internal  furnace  and  the  external  flue.  These  short  flues,  which  were  opposite 
one  to  the  other,  and  at  right  angles  to  the  furnace  door,  were  2ft.  6in.  in  diameter  and 
attached  by  rings  of  angle  iron  at  each  end.  The  thickness  of  the  plates  was  •  in  the 
hemispherical  end  and  cylindrical  sides  of  the  external  shell,  three-eighths  of  an  inch-  in 
the  flat  plate  at  the  bottom  of  the  water  space,  seven-sixteenths ;  while  all  the  angle  irons 
were  3in.  by  34in.  thick.  In  the  fire-box,  the  thickness  of  the  crown  plate  was  half  an 
inch,  and  that  of  the  sides  seven-sixteenths.  With  regard  lo  the  lay  of  the  plates  that 
in  the  shell  was  according  to  the  usual  plan,  being  radial  in  the  hemispherical  end  and 
circumferential  in  the  cylindrical  sides,  the  seams  in  the  latter  breaking  joint-  while  In 
the  taper-portion  of  the  fire-box,  the  plates  were  laid  longitudinally,  anil  thus  which  it 
is  important  to  notice,  the  seams  were  in  line  for  a  length  of  between  six  and  seven  feet 
The  riveting  was  single  throughout,  and  the  seams  were  the  ordinary  overlap  The  boiler 
had  been  fitted  with  a  float,  two  gauge  laps,  one  feed  stop-valve,  one  feed  back-pressure 
valve,  and  one  lever  safety-valve  of  5in.  diameter,  which  was  loaded  to  a  pressure  of 
nearly  501b.,  and  at  all  events  would  have  allowed  the  steam  to  have  reached  that  pressure 
when  blowing  oft"  freely.  Also  there  were  two  junction  valves,  one  of  which  was  in  the 
steam-pipe  communicating  with  the  entire  saries  of  boilers,  and  the  other  in  tint  con- 
nected to  the  steam-hammer.  There  was  no  steam  pressure-gauge  on  the  boiler  itself 
but  one  was  fixed  to  the  main  steam-pipe  beyond  the  junction  valve,  and  thus  afforded  no' 
Indication  of  the  pressure  of  the  steam  within  the  boiler,  when  it  was  shut  o If  from  the 
others  in  the  series.  Both  of  the  junction  valves  were  closed  at  the  time  of  the  explosion 
and  thus  the  safety-valve  formed  the  only  outlet  for  the  steam.  What  the  pressure  then' 
rose  to  cannot  now  be  ascertained,  the  steam-pressure  gauge,  as  |ust  pointed  oul  giving 
no  indication  under  such  circumstances.  The  safety-valve,  however,  was  found  to' be  free 
after  the  explosion,  and  there  is  no  reason  to  conclude  thai  ii  had  I n  otherwise  pre- 
viously. But  it  is  apparent,  from  this,  how  circumstances  will  arise  Which  make  it  im- 
portant that  every  boiler  should  be  fitted  with  a  duplicate  safety-valve  a-  well  as  with  its 
own  independent  pressure  guagc.  A  serious  ovenlghl  li.nl  been  made  in  the  design  of 
the  boiler,  the  top  end  being  hemispherical  and  the  bottom  Bab     The  hemispherical  end 

would,  when  the  steam  was  fully  up  and  blowing  off  freely,  have  an  upward  pressure  of 

nearly  260  tons  acting  upon  it  and  tending  to  tear  it  away  (Mm the  b  ittom     Tin  re  would 

he  an  eipial  downward  strain  counteracting  this,  induced  by  the  pressure  of  the  steam 

the  crown  ami  tapering  si.i.s  of  the  (Ire-box,  i iblnedwlth  thai  noon  the  flat  plate 

Ionium.-  the  bottom  of  the  annular  water  space.     As  long  as  the  at -a  diroonl  between  the 
bottom  and  the  top  of  the  boiler  held  good,  the  two  forces  would  be  hold  in  equlilblio 

and  the  boiler  remain  at  rest  upon  its  bed.     Hut  should   the  uttacl nt  fail    the  Howard' 

force  would  instantly  shool   the  top  of  the  bollor  up  Into  the  air  wltb  a  yancy  ofgfiO 

tons,  whnh,  n  may  be  remarked,  is  equal  to  the  weigh!  Of  a  long  railway  train   IncludlM 

the  i  "-me  and  tender  hilly  ei in  d  with  coke  and  water.     L'hTs  action  is  exactly  what 

i  he  Hal  plate  ai  th.  iiou l-.u.  way,nndlngoompletol]  round  through  the 

seam  ol  rivets,  al  the  outside  ring  ol  angle  Iron  which  attached  it  to  the  ahell  •  whon 
the  boii.r  flew  up  and  was  carried  to  ■  dl  i  yards  from  Its  original  seal 

rhe  brickwork  al  the  top  ofthechli ij  was  shaken,  and  then  wen  marks  of  violence 

on  the  crown  of  the  boiler,  so  thai  it  is  possible  thai  II  itruck  tho  toi ie  chimney  In 

i  hen  i   nothing  surprising  fa  this,  when  the  amount  of  the  pent-up  force  of 

sie.u, i  within  so  large  ■  boiler  is  considered,  and  the  due  appnciatl i  which  shows 

howumi  tho  supposltl i  thi   existence  ol  cxploslvo  gi » compounds  or 

rco  greater  than  thai  of  the  steam  Itsotf;  whllotheproi 
ids  to  divert  attention  from  tho  real  causa  of  steam  boiler  eip  .  r,.,,t 

at  tho  flat  bottom,  plate,  however,  was  by loans  the  onl)  one  thai  ws    mode     The 

shortti  p. i    Ing  through  the  watoi    pace,  and  which  con  istod 

thebotl plat,-,  also  gave  way,  and  won  torn  from  both  th  .    their 

1  iraetiir-  glvi  !  •  :il,lo  .  vol.  ,, |    the    upward  flight  ol    tllO  Slloll  '     The 

tnl  the  ring  seam 
oi  rivet-,  at   which  the  longitudinal  plating  ti  uid  thu   tho  fire-box  crown 

one  ring  of  plate   with  the  two  ahort  flae  tubes,  had  flown  up  together  with  the 

Shell,  which  made  a  soon  what  remarkable  and  Complicated  leature  in  the  development  of 

tioTcnt.     Wded  to  this,  the  nmalnlng  portion  of  the  I  taper,  and 

longitudinally,  rent  al  if  tba  longltudli  ,    .  .    „„i 

thai  part.     No.  ;,  ,  cplosjon  in   ,,|  m.i  null  bol 
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The  Gas  Committee  op  Wolverhampton  have  presented  a  report  to  the  Town 
Council,  in  which  the  following  is  found.  "  The  Company  charge  the  Corporation  with  a 
consumption  of  '18,000  cubie  feet  of  gas  for  each  annual  lamp.  This  calculation  is  made 
on  the  basis  of  the  original  contract  to  supply  five  cubie  feet  per  hour  for  3600  hours.  For 
the  lamps  which  are  burned  only  eight  months  in  the  year  14,000  cubic  feet  of  gas  is 
charged  for  2800  hours."  A  reference  to  the  following  towns  will  show  that  the  charges 
paid  for  lighting  the  lamps  are  considerably  less  than  Wolverhampton,  for  while  there  the 
price  is  £3  12s.  6</.,  it  is  in  Ashton-under-Lyne,  £1 4s.  Id. ;  Bath,  £3 ;  Birmingham,  £3  10s.  ; 
Blackburn,  £2  2s.  9<2. ;  Bolton,  £1  8s.  3d. ;  Bradford,  £2  8s. ;  Bury,  £1  8s.  2d. ;  Coventry, 
£2  10s. ;  Derby,  £2  6s.  2d. ;  Preston,  £2  16s.  Id. ;  Salford,  £2  2d. ;  Dudley,  £3 ;  Leeds, 
£2  5s. ;  Manchester,  £1  5s. ;  Sunderland,  £2 15s.  6d.;  Warrington,  £2  14s. 

CANALS. 

Indian  Canals. — The  Indian  Government  has  sanctioned  the  excavation  of  a  canal 
through  the  Riehia  Doab,  with  its  head  near  Alcnoor,  or  at  the  confluence  of  the  Chenab 
aud  the  Tavoy. 

DOCKS,  HARBOURS,  BRIDGES,  &c. 

Proposed  Harbour  Defences  at  San  Francisco. — The  Adjutant-General  of  the 
United  States  army,  in  command  of  the  California  department,  proposes  for  the  defence 
of  the  entrance  to  the  Harbour  of  San  Franeiseo  (the  "  Golden  Gate  "),  the  construction 
of  two  iron-plated  towers,  one  on  Point  Bonito,  and  another  on  Point  Lobos  (on  both 
sides  of  the  entrance  to  the  Bay  of  San  Francisco),  and,  if  necessary,  another  still  in  the 
middle  of  the  passage.  These  plated  towers  are  to  rest  upon  a  foundation  of  masonry, 
to  have  dome-shaped  revolving  roofs  or  turrets,  and  to  be  pierced  for  two  tiers  of  guns, 
each  tier  to  mount  thirty  guns,  and  the  foundation  provided  with  casemated  guns. 
Across  the  throat  of  the  harbour  from  fort  to  fort  could  be  placed  a  series  of  massive 
chains,  attached  to  windlasses  moving  by  steam  engines  in  the  forts,  which  would  also 
revolve  the  turrets  (or  roofs)  containing  the  batteries ;  these  chains  to  be  drawn  up  by 
the  windlass,  when  required,  to  such  a  deflection  as  to  prevent  the  passage  of  vessels. 
This  would  check  the  momentum  of  the  vessel,  and  it  would  be  at  point-blank  range 
under  the  fire  of  two  forts,  each  capable  of  delivering  a  shot  every  second.  As  the 
turret  (or  tower,  or  roof,  as  the  upper  works  are  indiscriminately  called),  revolves,  each 
gun  in  its  turn  is  brought  to  bear  upon  the  object  direct,  and  the  revolution  is  made  in 
one  minute  if  desired. 

A  Wet  Dock  por  Jersey. — In  the  report  issued  by  the  Chamber  of  Commerce,  it  is 
stated  that  there  is  every  reason  to  believe  that  the  project  [for  the  'construction  of  a 
wet  dock  at  St.  Helier's  is  about  to  be  carried  out.  The  cost  of  the  wet  dock,  including  a 
graving  dock,  is  set  down  at  £85,000. 

Commercial  Harbours. — A  parliamentary  return  recently  issued  gives  the  following 
details  of  £450,000  estimated  for  commercial  harbours.  The  estimate  is  for  the  coast 
batteries  designed  in  accordance  with  the  special  requirements  of  each  these,  viz. — 
Humber,  £70,000 ;  Tyne,  £20,000 ;  Sunderland,  £20,000 ;  Yarmouth,  £10,000 ;  Lowestoft, 
£10,000;  Eamsgate,  £6000;  Dungeness,  £10,000;  Poole,  £6000;  Torbay,  £6000;  the 
Severn,  £40,000 ;  Swansea,  £8000;  Holyhead,  £25,000;  the  Mersey,  £40,000;  the  Clyde, 
£40,000;  Aberdeen,  £12,000;  the  Tay,  £10,000;  Firth  or  Forth,  £40,000;  Kingstown. 
£7000;  Belfast,  £14,000 ;  Galway,  £15,000;  Shannon,  £10,000;  sundry  harbours,  £30,000 
—giving  a  total  of  £450,000. 

New  Blackfriabs  Bridge. — The  Committee  have  duly  passed  the  bill. 

MINES,  METALLURGY,  Ssc. 

Nickel. — Mr.  Lewis  Thompson,  M.E.C.S.,  in  regard  to  this  metal,  states,  in  a  recent 
paper,  as  follows: — There  is  every  reason  to  suppose  that  metallic  nickel  is  an  alloy  of 
that  metal  with  cobalt  in  greater  or  smaller  proportion — that,  in  fact,  absolutely  pure 
nickel  has  not  hitherto  been  obtained.  Pure  nickle  is,  however,  much  more  easily  made 
than  pure  cobalt,  for  its  affinity  for  oxygen  is  much  less.  Taking  advantage  of  this  fact, 
I  made  up  a  quantity  of  pure  oxide  of  nickel  into  a  paste  by  means  of  a  little  water,  and 
forced  this  paste  through  a  perforated  earthenware  plate,  so  as  to  form  it  into  a  granu- 
lated mass ;  when  this  mass  had  been  thoroughly  dried,  I  introduced  it  into  a  porcelain 
tube,  and  after  heating  it  red-hot,  I  passed  a  current  of  pure  hydrogen  gas  over  it,  and 
continued  this  until  it  had  become  cold.  The  grey  metallic  sponge  thus  produced  was 
fused  with  a  little  borax,  in  a  crucible  lined  with  pure  alumina,  and  yielded  a  beautiful 
white  silvery-looking  button,  of  the  weight  of  620  grains;  its  specific  gravity  was  8'575, 
and  it  was  almost  as  soft  as  copper.  Its  malleability  seemed  very  great  indeed,  for  a  piece 
of  it  was  rolled  out  nearly  to  the  thinness  of  tinfoil ;  it  showed,  however,  a  disposition  to 
tarnish  after  a  few  days'  exposure  to  the  air,  and  then  became  of  a  pale  yellow  colour — a 
kind  of  green-sickness  tinge.    Its  magnetic  properties  were  less  decided  than  those  of 


bv  side  and  connected  together,  both  being  of  the  plain  double  flued,  internally  fired 
dass  termed"  Lancashire?"  The  length  of  the  one  in  question  was  28ft,  the  diameter 
of  the  shell  10ft,  and  that  of  the  flues,  which  were  parallel  throughou  their  whole  length, 
■3ft  gin  the  thickness  of  the  plates  was  seven-sixteenths  in  the  shell,  and  three-eighths 
n  the  flues  The  boiler  had  been  fitted  with  one  glass-water  gauge  one  feed  back-pressure 
and  stop-valve  combined,  one  blow-out  tap,  one  lever  safety-valve,,  and  one  Scha-efter 
steam  pressure-gauge,  common  to  both  boilers.  The  pressure  at  which  the  safety-valve 
was  stated  bv  the  engine  attendant  to  have  blown  off,  was  301b.  on  the  square  inch,  which 
an  examination  of  its  dimensions,  levers,  and  weights  corroborated.  On  examining  the 
boiler  it  was  found  that  the  right  hand  flue  had  collapsed  from  one  ond  to  the  other,  and 
bv  the  flattening  action  had  become  severed  completely  in  two  at  some  ot  the  ring  seams 
of  rivets,  as  well  as  torn  away  from  the  end  plate  at  the  back  of  the  boiler.  The  boiler 
had  not  stirred  from  its  original  position,  and  the  connections  to  the  one  alongside  re- 
mained unbroken.  The  rush  of  water,  however,  from  the  opening  at  the  back,  had  blown 
up  the  brick  flue  and  carried  away  the  end  wall  of  the  boiler  house,  in  consequence  ot 
which  a  floor  above,  as  well  as  some  cast-iron  girders  by  which  it  had  been  supported, 
were  brought  down.  It  was  by  the  fall  of  the  building  that  the  three  men  received  their 
iniuries,  one  of  whom  was  found  to  be  dead  when  dug  out  of  the  debris.  At  the  iront  end 
of  the  boiler  the  furnace  mountings  had  been  blown  off.  With  regard  to  the  cause  of  the 
collapse,  there  was  no  evidence  of  "  shortness  of  water,"  judging  from  the  appearance  ot 
the  plates  •  added  to  which,  the  other  furnace  in  the  same  boiler  remained  unaltered  in 
shape,  which  could  not  have  been  the  ease  had  deficiency  of  water  occurred;  while,  m 
addition  it  appeared  that  the  collapse  of  the  flue  had  commenced  at  the  middle  ot  its 
length  and  not  over  the  furnace,  where  the  shape  was  less  distorted  than  at  any  other 
part  The  collapse  cannot  be  fairly  attributed  to  "  shortness  of  water, '  but  its  true  cause 
will  be  found  in  the  construction  of  the  flue,  which  was  not  strengthened  with  flanged 
seams  or  the  addition  of  any  hoops.  Such  a  flue  as  the  present,  of  so  large  a  diameter  at 
3ft  9in  and  28ft.  long,  made  of  plate  only  three-eighths  thick,  is  not  safe  for  regular 
work  with  steam  at  a  pressure  of  301b.  per  square  inch,  as  was  the  case  in  this  instance, 
It  mi-ht  work  for  a  time,  but  still  there  would  be  a  risk,  as  the  event  proves ;  a  rise 
that  might  have  been  avoided  had  the  flue  been  strengthened  with  any  of  the  approved 
methods,  namely,  flanged  seams,  or  hoops,  either  of  angle-iron,  T  iron,  bridge  rail  sec- 
tion or  any  other  suitable  form ;  to  the  importance  of  adopting  which  attention  has 
been  called,  it  is  feared  with  tedious  frequency,  though  an  apology  for  so  doing,  it  is 
thought  may  be  found  in  the  frequent  occurrence  of  such  explosions  as  the  present,  and 
in  the  loss  of  life  consequent  upon  them.  It  may  here  be  added,  there  is  every  reason  to 
conclude  that  the  boiler  in  question  was  an  illustration  of  the  danger  referred  to  m  pre- 
vious reports,  arising  from  internal  flues  being  actually  oval,  although  supposed  to  be 
circular.  The  angle  iron  rings  at  the  end  plates  were  circular,  but  the  inclination  of  the 
axis  of  the  collapse  of  the  flue  indicated  that  the  middle  portion  had  been  oval.  The 
other  flue  alongside  was  evidently  so,  and  had,  in  consequence,  been  strengthened  by  two 
stays  attached  to  the  crown.  The  flues  of  all  the  boilers  under  inspection  of  the  Asso- 
ciation are  guaged  to  ascertain  their  actual  shape,  when  the  members  allow  an  opportu- 
nity of  muking  "thorough  examinations,"  without  which  it  cannot  be  done;  and  very 
numerous  are  the  instances  in  which  flues,  previously  supposed  to  be  circular,  are  found 
On  actual  measurement  to  be  oval. 

Boiler  Explosion  near  Glasgow. — At  an  early  hour  on  the  8th  ult.  a  boiler  ex- 
plosion, resulting  in  serious  loss  of  life,  occurred  at  the  Mossend  Ironworks,  near 
Holytown,  a  station  on  the  Caledonian  Railway,  about  13  miles  from  Glasgow.  The 
works  in  question,  which  are  the  property  of  the  Mossend  Iron  Company,  cover 
nine  or  ten  acres  of  ground,  and  comprise  several  large  sheds  occupied  by  forges, 
together  with  an  extensive  rolling  mill.  The  machinery  in  these  two  departments 
was  driven  by  separate  engines,  these  again  having  each  its  own  set  of  boilers, 
and  it  was  to  the  boilers  connected  withthe  rolling  mill  that  the  accident  occurred. 
These  boilers  were  five  in  number,  and  were  placed  side  by  side  on  a  solid  foundation  of 
brick,  their  ends  pointing  towards  the  north  and  south.  They  were  all  25ft.  in  length, 
and  four  of  them,  which  were  egg-end  boilers,  were  5ft.  in  diameter,  while  the  fifth,  a 
flue-boiler,  had  a  width  of  6ft.  The  fire-hole  extended  along  the  south  ends  of  the  boilers. 
Beyond  this  is  a  tramway,  on  which  some  coal-laden  trucks  were  standing  at  the  time  of 
the  accident,  and  south  of  this  again  stands  the  rolling  mill.  On  the  west  side  of  the 
boilers,  at  a  distance  of  about  20  yards,  are  the  forges,  and  on  the  east  side,  about  double 
the  distance  off,  is  an  engineer's  shop.  The  chimney  which  carried  off  the  smoke  from 
the  furnaces  stands  on  the  north-west  corner  of  the  square  site  which  the  boilers  occu- 
pied. At  the  time  when  the  accident  occurred — 2  o'clock  in  the  morning — there  were 
upwards  of  300  men  engaged  in  the  works,  the  greater  portion  of  them  being  dispersed 

through  the  forges  and  rolling  mill  in  the  immediate  neighbourhood  of  the  boilers.    At  .    ,  ,--.,..  -  ,    . ,. 

the  hour  mentioned  the  whofe  neighbourhood  was  alarmed  by  a  crash,  followed  by  a    either  cobalt  or  uw :  iu^.  j^ruw  b^^e.  RlobiUar  fom  and  other  evidences  of  perfect 
shower  of  bricks  and  other  debris,  which  flew  in  all  directions  to  a  distance  of  300  or  V>    f«sion  m  the  button,  I  believe  that  nickel  is  much  r 


yards.  On  repairing  to  the  spot,  it  was  found  that  the  site  formerly  occupied  by 
the  boilers  presented  a  yawning  crater,  the  force  of  the  explosion  having  completely  torn 
up  and  scattered  to  a  distance  the  mass  of  substantial  brickwork.  As  for  the  boilers,  one 
with  both  ends  blown  out  lay  along  the  tramway  to  the  south  of  the  firehole,  where  it 
had  thrown  clown  the  chimneys  of  two  of  the  rolling  mill  furnaces ;  the  greater  part  of 
another  lay  a  little  further  to  the  south,  among  the  rums  of  the  rolling  mill  sheds ;  a 
third  had  been  precipitated  about  30  yards  to  the  northward  of  its  bed,  where  it  lay  in 
the  shape  of  a  huge  spiral  riband;  while  the  remaining  two  had  been  hurled  northwards 
quite  out  of  the  works,  and  alighted  in  a  field  at  a  distance  of  about  250  yards.  Besides 
these  ponderous  masses,  domes,  ends,  and  other  fragments  of  boilers  had  been  thrown  to 
great  distances  both  to  the  north  and  south.  One  large  piece,  weighing  about  two  tons, 
had  flown  across  the  turnpike  road  on  the  south  side  of  the  works  and  alighted  in  a  field 
at  300  yards'  distance.  The  roofs  of  the  rolling  mill  sheds  were  completely  destroyed  by 
the  falling  debris,  and  those  of  the  forge  sheds  and  the  engineer's  shops  suffered  con- 
siderably. Of  the  persons  employed  in  the  neighbourhood  of  the  boilers  seven  were 
either  killed  on  the  spot,  or  so  severely  injured  that  they  did  not  long  survive  the  acci- 
dent ;  while  several  others  were  more  or  less  hurt. 

WATER   SUPPLY. 

Water  Supply  of  Paris. — Among  the  numerous  advantages  bestowed  on  the  inhabi- 
tants of  Paris  within  the  last  few  years  is  to  be  reckoned  a  good  supply  of  pure  water. 
Paris  now  receives,  from  various  sources,  a  volume  of  water  equal  to  153,000  cubic 
metres  daily,  of  which  the  canal  of  the  Ourcq  supplies  105,000  cubic  metres.  This  water 
is  distributed  by  means  of  20,948  metres  of  pipes  for  the  supply  of  houses,  and  of  754,852 
metres  of  pipes  for  the  supply  of  the  public,  of  which  the  diameter  of  the  largest  is  not 
less  than  one  metre  ten  centimetres.  Two  steam  pumps  are  being  constructed  on  the 
Quai  d'Austerlitz,  of  100-horse  power  each,  which  will  increase  the  present  supply  of 
water  by  from  12,000  to  15,000  cubic  metres  the  day.  Taking  the  present  daily  supply  of 
153,000  cubic  metres,  this  is  equal  to  33,660,000  gallons,  equal  to  about  20  gallons  per 
head  of  the  present  population  of  Paris  within  the  fortifications. 

GAS    SUPPLY. 

Gas  in  Paris.— The  annual  meeting  of  the  Paris  Company  for  lighting  and  heating  by 
gas  has  recently  been  held.  The  dividend  declared  was  at  the  rate  of  17  per  cent!  per 
annum,  the  profits  realised  in  1862  having  been  £1,200,000. 

The  Sheffield  United  Gas  Light  Company  announces  a  reduction  in  their  price 
of  gas  from  3s.  fW.  to  3s.  M.  per  1000  feet— a  reduction  which  also  involves  the  payment 
of  a  dividend  of  10  instead  of  8  per  cent. 


more  fusible  than  the  two  just  men- 
tioned. When  portions  of  it  were  melted  with  copper  and  zinc,  in  the  quantities  usually 
adopted  to  form  albata,  it  produced  a  compound  vastly  superior  in  appearance  to  any  of 
the  miserable  make-shifts  that  now  disgrace  our  markets.  Indeed,  I  am  quite  convinced 
that  it  would  well  repay  any  respectable  person  to  commence  the  manufacture  of  pure 
nickel,  and  it  would  not  surprise  me  if  a  compound  of  aluminium  and  nickel  could  be 
formed  which,  for  beauty  of  appearance,  might  equal  silver,  and  surpass  it  in  durability 
and  freedom  from  sulphurous  deterioration.  Whilst  alluding  to  the  advantages  of  an 
improvement  in  the  manufacture  of  nickel,  it  may  not  be  amiss  for  me  to  notice  two 
points  of  some  importance  in  the  way  of  improvement.  At  present  the  extraction  of 
nickel  from  the  ore  is  made  to  depend  very  much  upon  the  affinity  of  arsenic  for  that 
metal,  so  as  to  form  with  it  an  arseniuret  of  easy  fusibility  and  sufficient  specific  gravity 
to  separate  freely  from  the  melted  slag  or  gangue;  and  for  this  purpose  large  quantities 
of  arsenic  are  employed  by  the  workmen,  not  only  to  the  detriment  of  their  own  health, 
but  also  to  the  injury  of  their  neighbours.  This  pernicious  practice  is  quite  unnecessary, 
as  I  have  myself  proved  by  experiments  upon  a  large  scale ;  for  example,  after  carefuUy 
roasting  six  hundred-weight  of  the  common  ore  of  nickel,  which  is  an  arsenio-sulphuret, 
I  mixed  it  with  half  its  weight  of  chalk,  and  threw  the  mixture  into  a  cubilo  furnace  in 
full  blast;  the  result  was  that  the  lime  of  the  chalk  formed,  with  the  quartz  and  oxide  of 
iron  in  the  ore,  a  perfect  flux ;  whilst  the  oxide  of  nickel,  being  easily  reduced  to  the 
metallic  state,  fell,  in  that  condition,  into  the  well  of  the  cubilo,  from  whence  it  was  run 
out  in  a  melted  form,  and  readily  separated  from  the  slag.  There  was  no  appreciable  loss 
of  nickel  in  this  operation,  and  the  rough  metal  was  found  to  contain  88  per  cent,  of  pure 
nickel,  the  rest  being  cobalt  and  iron,  with  a  little  sulphur,  but  no  arsenic  could  be  de- 
tected in  it ;  moreover,  this  rough  metal  might,  from  the  cheapness  of  the  process,  have 
been  sold  at  3s.  per  lb.,  and  was  decidedly  more  pure  than  the  ordinary  commercial  nickel. 
The  other  point  to  which  I  have  alluded  is  applicable  to  the  wet  mode  of  separating  nickel, 
and  depends  upon  a  fact  hitherto,  1  believe,  unnoticed  by  chemists.  If  we  have  in  solu- 
tion a  mixture  of  the  sulphates  of  nickel,  cobalt,  zinc,  manganese,  iron,  and  copper,  we 
have  only  to  add  to  this  solution,  in  a  warm  state,  as  much  sulphate  of  ammonia  as  it 
will  dissolve,  and  then  set  it  aside  to  cool.  Almost  every  particle  of  the  nickel  and  cobalt 
will  separate  as  a  green  crystallised  powder,  and  leave  the  other  metals  in  solution.  The 
explanation  is  very  simple.  The  sulphates  of  nickel  and  cobalt  form  triple  salts  or  alums 
with  the  sulphate  of  ammonia,  and  these  salts  are  absolutely  insoluble  in  a  cold  saturated 
solution  of  sulphate  of  ammonia,  particularly  when  this  solution  is  slightly  acidulous.  I 
shall  conclude  these  remarks  upon  nickel  by  stating  that  this  metal  appears  to  possess  the 
property  of  "  welding "  like  iron.  At  my  request  a  workman  heated  two  small  bars  of 
nickel,  which  had  been  previously  powdered  over  with  borax,  the  bars  were  heated  in  a 
forge,  and  the  two  hot  ends  "jumped"  together— that  is  to  say,  the  white-hot  ends  were 
forcibly  driven  one  against  the  other  by  gentle  blows  with  a  hammer,  applied  to  the  other 


The  Aetiza!?,"| 
Hay  1,  1863.    J 


Notes  and  Novelties. 


119 


end?,  the  symmetry  of  the  bar  being  preserved  by  blows  applied  laterally.  Although  the 
point  of  junction  was  afterwards  subjected  to  much  twisting,  straining,  and  so  forth,  with 
a  view  to  test  its  cohesive  power,  yet  it  showed  no  signs  of  weakness,  even  after  much  cold 
hammering. 

Dimexsioxs  of  the  Eabth's  Coalfields. — Professor  Rogers  states  we  have  it  on 
the  authority  of  competent  surveyors,  that  the  great  coalfield  of  South  Wales,  the  largest 
and  deepest  "in  Europe,  covers  a  surface  of  not  less  than  1000  square  miles,  and  has  a 
maximum  thickness  of  from  7000  to  12,000  feet  in  its  coal  measures.  In  this  prodigious 
"  book  of  time,"  there  are,  it  has  been  commuted,  not  less  than  50  beds  of  coal,  from  6in. 
to  6ft.  in  diameter,  and  25  of  these  are  said  to  be  each  at  least  2ft.  thick.  The  smaller 
Forest  of  Dean  coal  basin  contains,  according  to  the  "Memoirs  of  the  Geological  Sur- 
vey," 31  coal  beds  in  a  thickness  of  coal  measures  of  2400ft.  From  the  same  source  (the 
survey)  we  learn  that  the  Xorth  Staffordshire  coal  measures  have  an  aggregate  depth  of 
about  5000ft. ;  while  those  of  the  Newcastle  district  are  believed  to  be  at  least  2000ft. 
thick,  and  to  embrace  a  total  thickness  of  coal  equivalent  to  60ft.  In  the  deepest  por- 
tions of  the  extensive  coal  basin  of  Scotland,  the  upper  productive  coal  measures  of  Mid- 
Lothian  have  been  found  by  the  survey  to  possess  a  thickness  of  not  less  than  1800ft. 
The  number  of  the  seams  of  coal  wrought  in  the  Lanarkshire  field  is  in  all  18.  Turning 
to  other  countries,  the  depths  or  thicknesses  of  the  coal  measures,  and  the  numbers  of 
the  coal  beds,  will  be  found  to  be  on  an  equally  grand  scale.  Lookingtirst  to  the  western 
side  of  the  Atlantic,  Xorth  America  displays,  commensurately  with  the  breath  of  her 
physical  features  generally,  several  enormous  coal  regions,  three  at  least  of  which  are  the 
largest  known  upon  the  globe.  One  of  these,  the  Appalachian  basin,  has  a  length  of  875 
and  a  maximum  breadth  of  ISO  miles,  with  an  area  in  square  miles  of  55,500.  Where 
deepest  its  coal  beds  have  an  aggregate  thickness  of  40tt.  A  second,  the  coalfield  of 
Illinois,  Indiana,  and  Kentucky,  has  length  370,  maximum  breadth  200,  and  area  51,100 
miles.  This  basin  has  15  or  16  good  coal  seams,  with  a  maximum  thickness  of  50  feet, 
and  the  third  and  largest,  but  least  opened,  shows  length  550,  breath  200,  and  superficial 
area  73,913  miles.  In  the  anthracite  basin  of  Pennsylvania  the  thickness  of  coal  measure, 
amounts  to  3000ft.,  while  that  of  the  workable  coal  is  not  less  than  120ft.  The  aggregate 
area  of  the  five  chief  coal  fields  of  the  American  continent  amount  by  careful  estimates 
based  upon  the  latest  surveys  and  the  best  geological  maps,  to  rather  more  than  200,000 
square  miles ;  a  surface  greater  by  about  20  times  than  the  sum  of  all  the  coalfields  of 
Europe,  or,  indeed,  of  the  whole  Eastern  world.  The  British  carboniferous  basins  may 
be  estimated  to  embrace  some 5400  square  miles  of  coal;  the  French  a  little  less  than 
1000;  and  the  Belgian  about  510.  Rhenish  Prussia  has  960;  Westphalia  380;  the  Bohe- 
mian field  some  400;  that  of  Saxony  only  30;  that  of  Spain  probably  200;  and  that  of  all 
knssia  scarcely  100  square  miles.  Comparing  the  coal  areas  with  the  total  surfaces  of  the 
respective  coal  pro  lies,  the  United  States  has  one  square  mile  of  coal  toeaeh 

15  of  land;  Great  Britain  one  to  every  22J;  Belgium  a  like  proportion;  and  France  but  one 
if  coal  to  every  200  of  country.  Adopting  for  the  commuted  total  area  of  the  coalfields  of 
the  world  220,000  square  miles^  and  aeceptiug20  feet  (a  low  estimate)  for  the  average  thick- 
ness of  the  available  coal,  the  entire  mass  of  the  fuel  under  the  soil  for  the  future  wants 
of  man  amounts  by  calculation  to  a  cubic  lump  of  nearly  ten  miles  lineal  dimensions,  or 
to  a  square  plateau  of  coals  loo  miles  wide  in  its  base,  and  something  more  than  600ft. 
in  height.  The  British  lump  of  coal  is  a  cube  of  a  little  more  than  three  miles  in 
diameter.  In  1854  Qreat  Britain  extracted  from  her  mines  more  than  64,000,000  tons. 
In  1861  the  product  was  about  80,000,000  tons,  equal  to  a  cubic  block  of  430  yards  in 
bright.  For  the  present  year  the  probable  product  may  be  safely  estimated  at  not  less 
than  the  enormous  quantity  of  100,000,000  of  torn.  In  the  preliminary  report  lately 
printed  on  tin,'  census  of  the  United  States  for  1860,  it  is  shown  that  the  coal  product  "I' 
the  -tate  of  Pennsylvania  amounted  in  that  year  to  about  11,500,000  tons,  while  that  of 
all  the  coal  fielding  states  together  exceeded  15,000,000  tons.  In  the  year  1860  Belgium 
took  from  her  mines  nearly  6,000,000  tons;  France  some  4,500,000  tons,  anil  Prussia 
nearly 4000,000 tons.  1 1  has  been  calculated  that  one-fifth  at  least  of  the  present  vast 
pro«ln  i-.ilised  world,  which  fifth  part  we  may  roughly  estimate  at  nearly 

SO 000,000  tons  annually,  is  applied  in  the  smelting  and  manufacture  of  iron  alone,  ami 

robable  th.it  more  than  one-tenth  of  the  whole  of  the  fuel  lilted,  or  some  15,000,000 

directly  Into  mechanical  power,  through  the  generation  of  steam  for  the 

Ion  of  machinery. 

Lead  as  d  I.i  in  Ai.r.ovs.— It  bus  been  generally  supposed  that  the  purer  a  metal,  the 

ted  npon  by  acid  \  and  Messrs.  Crace-Calvert  and  Johnson,  fit  some  importanl 

m  with  lead,  considered  it   very  desirable  to  ascertain,  at    least. 

whether  the  generally  re  i   t  as  regards  lead.    They  commenced 

with  mlphunc  acid  on  commercial  lead,  because  that  metal  is  extensively  employed  in 

t'. instruct!  >n  of  those  large  chambers  in  which  Bulphnric  acid  is  manufactured 

course  combined  joientlnc  Interest  with  practical  utility.  In  the  experiments  which  they 
Instituted,  they  employed  inlphndc  acid  of  various  degrees  of  concentration  and  purity  in 
different  volumes  at  various  temperatures,  and  for  various  periods  of  time.  They  have 
i  two  kinds  of  commercial  had,  choosing  as  types  the  two  extremes  in  respect 
of  purity  common  sheet  had  representing  ordinary  impure  lead,  and  virgin  or  Derbyshire 
pig-lead.    They  have  also  thought  It  desirable  to  examine  the  action  of  chomicallj  pun' 

-.,  gave— Lead,  98*8176*  tin,  0*3956 ;  iron,  n 
copper,  0*4026    rinc,  traces:   09-0760;  and  the  virgin  lead  gave— Lead,  99-2060;  tin, 

i;  ir 0-3246;  copper,  0-4374 ;  zinc.ti  i  00,    Attbe  ordinary  temperature 

Mg   ;  |j  pure  sulphuric  acid  of  the  denrdtj  lived  from  a 

square  metre  of  surface  tin-  following  Quantities  (in  grammes)  of  each  kind  of  lead:— 

Density  iii  ten  days.  En  fifteen  days, 

I       Common.       Virgin.  Conmon.       Virgin.  Pure. 

1-842  .  6770    ..    .  18*20  201170  ...       .  WOO  pu:st  ,     .    _■; 

1708  .     s  '.;,  16*80  19*70.     ..    .   11*67  16*84..     .    24*00 

[600  ■  '  ■  10  ;>     ■   ■     I6t20     ,..,        •;•  1 7  .      .     12-17  ...    ,    80*00 

1-526  Z17        .      1*84        .      6-W    3-17  B*67  10-67 

no  doubt  thai  the  purer  the  lead  the  more  it  i-.  attaoked,  and  that  in 
rry  curious  and  m  tractive,    The  result  ol  the  fifteen  day  experiment 
lull,  confin  inient,  and  i  fen  with  hi 

taine<]  rated  with  acid  at  a  temperature  of  above  it    cent  for  eight 

Whi  n  the  result  was — 

Den- 1  Common.  Virgin.  Pure. 

vhvi  ii-  ;i  i->  vi  807  14 

1708  »84  10*67  13*00 

1*600  6*84  list 

i  ,■::>  3-.vi  1*84 t 

them  whether  the  purity  of  the  odd  employed  bod  a 
,  therefore,  tried  other  experiment   with  acid  from 
the  leaden  chamber  (di  i  and  «ith  acid  not  from  the  leaden 

chamber,  but  "i'er  having  been  once  evaporated  In  opt 

nmenced  common  iallj  (da  ositj  1748).    I  rere 

mon.       Virgin.  I'ure.  I'ommon.       Virgin.         I'nre. 

A  II  -u  16*84  10*60       11*84        .  16*77  10*84 

Ii   2<>I7 28*60  27*00  .  --  17  24*84  27*67 

C   r"  87*44 

1 1  ,t  67  ,.,   .  H  17  N  14  88*98  WW 

In  the  above  table  the  mean  results  of  two  distinct  scries  of  experiments  of  each  i 


15  days  duration  are  given.  In  the  experiments  A.  16-666  litres  of  P593  aeid,  at  a  tem- 
perature of  45°  to  48°  cent,  was  used;  in  the  experiments  B,  the  quantity  of  aeid  was 
doubled,  other  conditions  remaining  the  same ;  in  the  experiment  C,  16666"  litres  of  T74S 
acid,  at  a  temperature  of  113°  to  122°  cent  was  used;  and  in  the  experiments  D  the  quan- 
tity of  aeid  was  doubled,  other  conditions  remaining  the  same.  The  conclusions  which 
Messrs.  Calvert  and  Johnson  have  drawn  from  their  experiments  are — Firstly,  that  of 
the  various  kinds  of  lead  existing  in  commerce,  the  purer  they  are  the  more  they  are 
acted  upon  by  sulphuric  aeid ;  lead  chemically  pure  is  more  acted  upon  than  any  of  the 
others.  Secondly,  that  although  it  is  stated  in  many  works  on  chemistry  that  sulphuric 
aeid  only  acts  sensibly  on  lead  at  a  temperature  of  195°  cent.,  their  experiments  tend  to 
prove  the  contrary,  since  they  find  that  acid  of  specific  gravity  1*842  dissolves  cold  67134, 
and  even  201  grammes  of  lead  per  square  metre  of  surface ;  and  in  another  instance,  that 
acid  of  specific  gravity  1*705  takes  from  the  same  surface  54,  56,  and  59  grammes  of  lead, 
at  a  temperature  of  45°  cent,  only;  and,  lastly, that  the  action  of  sulphuric  acid  upon  lead 
appears,  at  least  when  there  is  no  continuous  agitation  of  the  mass,  not  to  increase  in 
proportion  to  the  quantity  of  acid  employed— this  is  probably  due  to  the  formation  of  a 
layer  of  sulphate  of  lead,  which,  to  a  great  extent,  protects  the  surface  from  further 
action  of  the  aeid.  From  the  analysis  of  lead  chambers  with  respect  to  which  they  were 
consulted  by  a  large  chemical  manufacturer,  one  which  had  lasted  15  vears,  was  found  to 
be  composed  of  an  alloy  of— lead,  98-87 ;  tin,  091 ;  iron,  0-12,  with  traces  of  copper  and 
zinc  ;  whilst  two  others,  injured  in  less  than  one  year,  contained  only  traces  of  tin,  the 
alloy  being  about  99"4  lead,  0'35  iron,  and  0'16  copper  and  zinc. 

APPLIED  CHEMISTRY. 

Analytical  Notices  on  UBAKirji,  by  M.  H.  Rose. — Oxide  of  uranium  may  be  com- 
pletely precipitated  from  its  acid  solutions,  hav-ing  previously  saturated  them  with 
ammonia,  by  addition  of  hydrosulphate  of  ammonia.  No  inconvenience  results  from  the 
solution  containing  many  ammoniaeal  salts,  excepting,  of  course,  carbonate  of  ammonia 
and  all  alkaline  carbonates.  The  precipitate  is  black,  or  reddish  brown  if  the  hvdrosul- 
phate  be  greatly  in  excess.  It  is  washed  in  water,  to  which  is  added  a  small  quantity  of 
hydrosulphate  of  ammonia.  The  precipitate  is  formed  essentially  of  protoxide  of  u'ran- 
iam,  and  contains  no  sulphide  of  uranium.  After  being  dried,  it  is  ignited,  to  expel 
what  little  sulphur  may  be  retained ;  then  it  is  calcined  in  a  hyprogen  current,  at  a  high 
temperature,  and  left  to  cool  in  the  hydrogen.  Pure  protoxide  is  thus  obtained.  Should 
the  solution  contain  much  salts  of  potash,  or  of  other  strong  non-volatile  bases,  the  pre- 
cipitate will  retain  a  small  quantity  of  these  bases.  Oxide  of  uranium  is  separable  in  the 
following  manner  from  most  metals,  especially  from  those  which  are  completely  precipi- 
tated from  their  solutions  by  hydrosulphate  of  ammonia ; — Add  to  the  solul  ion  ex  less  of 
carbonate  of  ammonia  mixed  with  hydrosulphate.  All  the  oxides  which  hydrosulphate 
transforms  into  sulphides  are  preeiptated,  while  the  protoxide  of  uraniit  m  is  dissolved  in 
the  carbonate  of  ammonia.  Leave  the  mixture  to  deposit  in  a  closed  vessel,  wash  the 
precipitate  by  decautation,  with  water  containing  carbonate  and  hydrosulphate  of 
ammonia,  and  then  filter.  Gently  heat  the  filtered  liquid,  to  expel  most  of  the  carbonate; 
decompose  the  hydrosulphate  with  hydrochloric  acid;  oxidize  the  protoxide  of  uranium 
by  nitric  acid,  and  precipitate  the  oxide  by  ainmcnn  and  before  w_i;\him.  cal'.iu  ;>.  M 
a  hydrogen  current. 

Composition  of  Gas  Refuse  by- Dr.  T.  L.  Piiipson-.— It  has  been  estimated  thai  one 
ton  of  Newcastle  coal  gives  off  in  distillation  as  much  cyanogen  as  is  contained  in  live 
to  eight  pounds  of  Prussian  blue.  As  sulphuretted  hydrogen  is  disengaged  at  the  same 
time  in  greater  or  smaller  quantities,  according  to  the  nature  of  the  coal,  ii  is  natural 
that  sulphocyanidcs  should  form  also.  My  attention  having  been  lately  direoted  togas- 
refuse  obtained  after  eliminating  the  sulphuretted  androgen  mid  carbonic  :i  jd  bj  hydra- 
i<  :  '  ide  of  lime  and  lime  purifiers,  I  found  in  this  substance  certain  Sulphoeyoilides. 
and  it  occurred  to  me  that  it  might  prove  a  source  of  sulphocyanide  of  ammonium  tor 

photograpic  purposes.    But  the  samples  I  have  hitherto  examined,  having  1 n   u 

long  as  possible,  with  a  view  of  obtaining  the  maximum  amount  of  sulphur,  have  not 
promised  so  much  sulphocyanide  as  I  should  expect  to  find  iii  the  refuse  purifiers  n  b 
had  not  been  employed  for  so  long  a  period.  It  is  curious  to  note,  liowei  r.  that  thin 
substance,  which  is  offered  to  manufacturers  of  sulphuric  acid  on  account  of  the  Bulphnr 
it  contains,  has  Jalso  been  recommended  to  makers  of  artificial  manures  and  to  agri- 
culturists ae  a  cheap  source  of  niixogen  I  It  will  be  seen  by  the  analysis  I  subjoin  that, 
tin   employment  of  this  substance  for  agricultural  purposes  is  not  only  useless,  but  may 

1 "ne  highly  injurious  to  any  soil.    Besides  i in-  cyanogen  compounds  i  have  found  in 

it,  and  which  must  be  considered  as  prejudicial  to  vegetation,  the  existence  ..!'  tar-pro- 
ducts,  highly  antiseptic,  and  therefore  capable  of  preventing  organic  ,;  .,.,  j„ 

the  soil— a  proeos  indispensable  to  vegetation— is  evident ;  it  contains  also  a  very  large 
amount  of  free  sulphur.     When  Ibis  gas- refuse  has  been  exposed  .for  tome   time  to  the 
air  it  contains  the  following  substances:— Free  sulphur   in  considerable  quantity, 
of  iron,  carbonate  of  lime,  collulose  in   small   quantity.  80me   hydrocarbon     soluble  in 
alcohol,   double  cyanide  of  iron   (green),  ferrocyanide   of  iron   (blue),  sulphoi 

calcium,  sulphocyaaide  of  ammonium,  chloride  of  ammonium,  lulpha i  limo,  fori 

anhydric  aeid  (to  which    the  mass  owes  its  aeid  reaction),  and    water.     S  imi 

are  present  in  small  quantity  only,  but   it  is  not  difficult  to  puttheni  all  in  cvii'ence.     A 

rough  analysis  of  the  whole  has  given  mc : — 

Water ■ 1  In 

Sulphur wo 

Organic  matters  insoluble  in  alcohol g»j 

Organic  matters  soluble  in  alcohol  :  Bulphocyanide  of.  calcium, 

chloride  of  ammonium,   In  droearhons,  &).... 1'.-, 

Clay  anil    sand        „-,, 

Carbonate  of  lime,  oxide  of  iron,  \c 18*8 

ioo*5 

Hot  water  extracts  -ralphocynnldc  ol  calolum  and  ammonium,  lulnhate  ••:  lime,  and 
■  add.    The  solution  takes  a  red  colour  with  pcrsalts  of  iron,    Uydro* 

chloric  lerahl     i ml  ol  the   ubstancc,  and  the  solution  obtained 

I   di   |. -Mood  red,  almost  opaque,  from  the  presence  of 

Ueohol  extra' is  principal^   lulphocyontdi     ol   calcium  and  am lum, 

auniioiiiuiii,  a  -uiall  quani  i  irbnii-,   and    f.rmev  aiihv  di  ic  acid.      U 

Ing  the  oq -  wluilon  to  dryni    .alter  having  added  enough  carbons 

neutralise  its  acidity,  and  treating  the  re  Idni  b)  alcohol,  the  rerro<  fan 
behind  as  Grutrocyanuie  of  potassium,  and  the  alcoholic  solution  contain 
ammonium  and  sulphocyanide   ol  calcium  and  ammonium,    Bj  - 
of  an  excess  of  carbonate  ol  poti  b  bo  comp   I        

'ikes  up  principally  siiliihnevani'l  am,  and    b)    U  Ing  CO 

l in,  in  pla  jijj, 

and  chloride  of  ammonium,  which  would  serve  for  flxin  ■■••„, 

green  compound  which  form     Wh  Is  OXDOSed  tO  t00  1  .   iho 

double  eytuiido  of  Iron,  !'■  Cy  + 

corretni  netti  o  ifdi .  I  oxidation  In  the  air  it  bucom      Ii  , 

a  -ids  have  mi  aeti n  it,  hut  hot  nitric  ai  id  dee. mi]... 

AC m  i  in-  a  made  by  DlMonbocbor,  a      un    • 

chemist.     By  tho  addition  of  a  small  quantity  of  obiorii -Iodine,  put  ren- 

dered] ill,  and  the  Porli    leodomy,  to  whom  the  tho  cxperhn  nl   wn 

by  II.  Di  flllCi  wcr. 
of  wax. 
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XIST  OF  APPLICATIONS  FOR  LETTERS 
PATENT. 

VK    HAvR    ADOPTED    a    nkw    arrangement   of 
THK  PROVISIONAL    CKOTHCriONS    APPLIED     POR 

FYlNVKNTORS  at   thk  Grhat  Skal   Patent, 

OtTICR.     IF     ANY/     hlFFICULTY     SHOULD     ARISE 

with  rrferhnck  to  thk  namh3,  addresses, 
or  titles  olvrn  in  the  list,  thk  rkqui- 
site  information  will  be  furnished,  free 
of  kxpknsr,  from  the  office,  by  addrk9sing 
a  tlkttkr,  prepaid,  to  thk  editor  of 
"The  Artizan." 

Dated  March  24th,  1S63. 

76S_H.  Conk — Transmitting  electric  currents  nnd 
Biennis  for  telegraphic  purposes. 

769  J.  Reiliy  &  W.  Marrm— Lubricating  horizontal 
shafting  and  bearings  nf  all  descriptions. 

770  G.  Davtr-R — Wmpprrs  or  papers  tor  needles,  and 
muchmeiv  for  sticking  needles  therein. 

771  S.  Healer— /inc. 

772  H.  WiHiams-l>re<siug  slates. 

773  A..  J.,  &  J.  Topham— Ornamental  twist  lace. 

774  J.  KM-klium— Iron  and  steel. 

775  A.  J.  Cooke— Portab  e  "  Hooka"  pipes. 

Datkd  March  25th,  1363. 

776  .T.  White—  Protecting  the  surface  of  the  iron 
and  stefl  of  ships. 

777  M    Phillips—  Iron  or  other   metallic    rod  and 
'   wire. 

778  J.  Leach  &  J.  Anderson — Preparing  and  spin- 
ning cotton  and  other  fibrous  substances. 

779  J.  H.  Worrall — Producing  surfaces  in  imitation 
of  woods,  and  in  printing:  therefrom. 

780  G.  Stuart— Bleaching  jute  fibre 
751  C.  Monson — Grs*ir«tion  engine. 

7*2  R.  Armitage  St  C    Senior— Stretching  fabrics. 
7S3  J.  H.  Johnson— Zinc. 

784  T.  Wilson— Uniting1  earthenware,  metal,  and 
other  pipes. 

785  R.  A.  Brooman — Cords,  ropes,  nnd  cables. 
756  G.  T.  Key — Fog  and  other  signals. 

Datkd  March  2fith,  1803, 

78"  L.  Christoneau— Fin-arms. 
783  R.  Mushet — Treat-in;,-  steel  andiron  prepared  by 
the  .pneumatic  process. 

789  G.  Cowdrry— Making  bricks. 

790  M.  L.  Parut-ll  — Construction  of  locks  and 
adjusting  their  spindles. 

791  N.  R.  Hall— Weigh. ng  apparatus. 

792  W.  Johnsi.n— Pocket  books,  purses,  wallets,  and 
bill  cases. 

793  T.  Parkinson  &  J.  Wood — Application  of  em- 
broiderr  to  cotum  printed  fabrics. 

794  W.  Tod  &  R.  Patersun—  Portable  apparatus  for 
working-  drills  and  other  instruments. 

795  G.  Davies — Engraving  upon  metals. 

796  J.  H.  Johnson—  Furnaces  or  fire-places. 

797  J.  Norton — Projectiles  or  ignition  missiles. 

798  W.  Blake  —  Labels  tor  luggage  and  other 
ar'iclfs 

799  F.  A  pp'egate— Railway  carriage  doors. 

800  E.    Eastou— Hydraulic  iipparatus  for  lowering 
i    full   casks  and   other  goods,  and  raising  empty 

ctsks  or  vessels. 

Datrd  M*rch  27th,  1863. 

801  J.  Grantham  —  Apparatus  connected  with 
machinery  used  in  manufacturing  compressed 
fuel. 

802  W.  M.  Morgan— Coating  metals. 

803  R.  A.  Brooman — Scouring  wool. 

804  J    Taylor— Main  water  pipes 

805  W.  Clark— Winding  or  copping  frames. 

806  J.  D.  Asquith  fc  ii.  Greenwood— Rag  machines. 

807  J-  King  &  T.  H.  Marshall— Preparing  laud  for 
seed. 

Dated  March  28th,  1863. 

808  B  W.  Goode— Journal,  axle,  or  bearing 

809  A  H.Perry— Workingruilway  points, switches, 
and  SignHls. 

810  R.  Sims— Reaping  aud  mowing  mnchines. 

811  J.  Leeming  &  R,  S.  Markindale  —  Carding 
engines. 

812  A.  Blouin  &  D.  X.  Mercier— Axle  tree  with 
liuked  1  vers  'or  liftin.fr. 

813  W.  Symons-I'.mometers. 

814  G.  Thomas— Window  shutters  and  blinds. 

815  J  Dale  &  G.  Bischof—  Aniline,  napthylamiue, 
and  other  analogous  bodes. 

Dated  Mahch  30th,  1863, 

816  J.  Musgra-e— S'*-am  bo.lers. 

817  T.  Barnes— Training:  tats  and  fatty  oils  and 
volatile  oils  or  essent  ;tl  oils. 

818  R.  Mushet— Mou, ds  for  casting  steel  or  homo- 
geneous iron. 

819  H.  Hughes— Shaping  metal  and  plastic  sub- 
stances. 

82(1 1  J.  Carver— Carriages  employed  in  machines  for 
the  making  or  lace  or  other  fabrics 

821  W.  K  Newfon — Process  for  producing  yellow 
colouring  matters. 

822  W.  A*«-v—    le-m.gand  decorticating  grain. 

823  J.  Payne— Fire  escapes.  b 

Datrd  March  31st,  1803. 

824  E.  T.  H-gbes— Composition  for  rendering  cloth' 
paper,  and  similar  .ui.cies  transparent  and  water- 
proof. 

225  {m  Sme,J»«'—Stenm  engines  nnd  boilers. 

826  A.  B.  1)  Mu-imiHi-Translucid  cylmdric  an. 
paratus  tor  briugmg  the  torm  r  weights  and 
measures  into  those  of  the  present  decimal  system 
mosfasily  mid  mee.s.ly,  and  vice  versa. 

827  R.  Furmval-Pattioy  or  braiding  machines. 


828  W.    Forrest    8c    H.    Duckworth  —  Looms    for 
weaving. 

829  A.  H.  &  V.  K.  Bell— Constructing  the  armour 
of  vess-ls  of  war. 

839  R.   A.    Un.oman  —  Electric  telegraph  printing 


832  H.  Hamer— Tanning. 

833  J.  M.  Duulop— Ginning  cotton. 

Dated  April  1st,  1863. 

834  J.  S   Grimshaw — Carding  engines. 

835  J.  Hindle,  W.  F.  Calvert,  &  E.  Thornton— 
Looms  for  weaving. 

836  I.  Rowlaud — Mileage  apparatus  for  measuring 
aud  registering  the  distances  public  vehicles  or 
private  carriages  travel. 

837  J.  Bray  —  Omnibuses,  railway  carringes,  and 
other  vehicles. 

338  M.  Henry— Lubricating. 

839  W.  Clark — Preventing  fermentation  in  alcoholic 
and  other  liquids  while  drawing  them  from  their 
containing  vessels. 

840  W.  We«t — Working  railway  signals. 

841  W.  Mitchell— Coating  iron 

?42  G.  T.  Bousfield— Steam  boilers. 

843  E.  B.  Wilson— Iron  nnd  steel  and  other  metals. 

844  R.  Gnvin — Preservation  of  perishable  liquids 
during  the  withdrawal  or  consumption  thereof. 

Dated  April  2nd,  1863. 

845  W.  H.  Phillips— Cleauing  the  bottoms  of  ships 
or  other  floating  vessels. 

846  J.  W.  Law  Sc  J.  Iuglis — Making  moulds  for 
casting. 

847  E.  F.  Clarke— Fastening  rails  for  railways. 

848  D.  S.  Sutherland— Protecting  vessels  of  war  aud 
fortifications  from  the  effects  of  projectiles. 

849  J.  Cassell — Stills  for  the  distillation  of  petroleum 
and  other  heavy  oils, 

850  J.  J.  Potel—  Furnaces  aud  fire-places. 

851  W.  Jones — Ships  or  vessels. 

852  G.  A.  Cox — Preparation  and  manufacture  of 
jute,  hemp,  flax,  and  other  fibrous  or  texti  e 
materials. 

853  A.  P.  Price — Fusion,  manufacture,  production, 
and  refining  of  metals. 

854  A.  B.  Seithen — Casings,  covers,  or  wrappers  for 
bottles,  jars,  and  other  articles. 

Dated  April  4th,  1863. 

855  A.  Stewart— Saddles. 

856  J    Blain— Finishing  threads  and  yarns. 

857  J.  P.  Hanret — Drying  coal,  grain,  and  other 
substances. 

85S  J.     Silvester — Attaching*   guards    to    pressure 

gauges. 
859  W.    H.    Perk  in  —  Red  and    orange    colouring 

matters. 
SfiO  W.  E.  Gedge— Bolting  flour. 
861  J.    Gimson — Actuating   shuttles   in  looms    for 

weaving  narrow  fabrics. 
8*52  A.  V.  NVwton — Pressure  gauge. 

863  P.  Spence — Sulphuric  acid  and  sulphate  of  iron. 

Dated  April  6tht  1363. 

864  F.  C.  Bakewell— Wicks  for  lamps. 

865  B-  Cooper— Feediug,  scribbling,  or  carding 
engines. 

866  T.  Burrow — Combing  or  dressing  silk,  flax, 
wool,  hemp,  China  grass,  or  other  fibrous 
materials. 

S67  W.  E.  Gedge— Aerial  machines. 

868  M.  Henry — Probes,  catheters,  and  similar  sur- 
gical instruments. 

869  J  Railton — Carding  cotton  and  other  fibrous 
substances, 

870  J.  Birwin— Pickers. 

871  E.  T.  Hughes — Ornamental  tips  of  parasols, 
umbrellas,  aud  similar  articles. 

Dated  April  "th,  1863. 

872  J.  Swinburne  &  J.  Stanley — Steam  engines  and 
generators. 

873  H.  Giibee — Composition  for  dressing  aud  pre 
paring  silk,  cotton,  aud  woollen  tissues  and  fibres, 
and  also  mixtures  of  the  stme. 

874  A.  C.  Bamlett — Reaping  and  mowing  machines 

875  J.  Maciutyre — knobs  and  other  articles  in  china 
and  earthenware. 

876  J.  H.  Johnsou — Drying  grain. 

877  J.  H.  Johnson — Polishing  precious  and  other 
hard  stones. 

878  R.  A.  Brooman — Baryta  and  its  derivatives, 
obtaining  by-products,  and  revivifying  or  recover- 
ing certain  agents  employed  in  such  manufacture. 

879  K.  A.  Brooman — Obtaining  fac-similes  of  the 
veins,  pores,  knots,  and  figures  of  wood  upon 
paoer  and  other  surfaces. 

880  J.  Howard,  E.T.  Bousfield,  &  J.  Pinney— Steam 
engines. 

881  A.  V.  Newton — Projectilis  for  ordnance,  and 
fuses  therefor. 

882  G.  H.  «e  W.  R.  Hill— Steam  boilers. 

Dated  April  8th,  1863. 

883  W.  Simpson— Insulating  the  magnetic  needle 
or  needles  in  compasses. 

884  J.Mosheimer — Crushing,  grinding,  and  dressing 
metallic  ores,  quartz,  and  other  similar  substances. 

885  J.  N.  Brown — Connecting  the  bearing  springs 
of  railway  carriages  and  waggons'to  the  axle 
boxes  of  the  said  carriages  and  waggons. 

886  T.  Gray — Preparing  and  bleaching  jute  and 
other  vegetable  fibres  for  spinning  and  other  pur- 
poses. 

887  J.  R.  Harris — Propelling  vessels. 

888  W.  E.  Gedge — Propelling  and  navigating  small 
craft. 

889  W,  H.  Mitchel— Barometer. 

890  J.  L.  Norton — Washing  and  drying  wool  and 
other  fibres  and  rags,  and  tentering,  stretching, 
and  drying  fabrics. 

891  A.  Kinder— Covering  lead  or  alloys  of  lead  with 
i   tin  or  alloys  of  tin. 


Dated  April  9th,  1863. 

892  H.  B   Fox— Dish  covers. 

893  D.  J  Cooke — Compusitionsforsizing,  stiffening, 
and  colouring  yarns  aud  textile  fabrics. 

894  T.  T  Heath— Ceilings. 

895  F.  J.  Risse— Universal  hnft  or  handle. 

896  G.  Spencer — Preventing  incrustation  in  steam 
engine  boilers. 

897  A  Hett&  F.W.  Basset— Preventing  the  foul  tug 
of  ships'  bottoms,  and  cleansing  the  same  when 
fouled. 

898  J.  Rudley  8c  D.  McColI— Preventing  the  escape 
-'of  fumes  and  mitters  from furnnces. 

899  R.  K.  Pensou — Warming  railway  carriages. 

900  J.  R.  Burton — Cleansing  ships'  bottoms. 

901  G.  Feirand— Supplying  oil  or  other  liquid  lubri- 
cant to  frictional  surfaces. 

902  A.  V.Newton — Offensive  weapon. 

903  G.  Low — Machinery  for  boring  rocks  and  other 
hard  substances. 

904  A.  V.  Newton — Stirrups,  and  the  mode  of 
attuching  the  same  to  saddles. 

Dated  April  10th,  1863. 

905  G.  Colomb — Manufacturing  factitious  blocks  of 
wood  of  diversified  shades  and  hues  proper  for 
veneering  aud  other  purposes. 

906  S.  A.  Couperie — Semi-circular  metallic  slide. 
Oil"  T.  Baldwin— Superheating  steam. 

908  S.  Shelmerdine  ik  J .  Dransfield— Ornamentation 
by  printing  of  felt  hats. 

909  H.  R.  Spicer — Cases  for  the  enclosure  and  pre- 
serva'ion  of  human  remains. 

91u  R.  Smith — Medicated  oil  for  the  preservation  of 
metal,  wood,  or  stone. 

911  J.  Witthtman  &  C.  Dening — Horse  rakers. 

912  J.  Gimson— Screw  cutting  lathes. 

913  H.  W.  Ripley— Prepnnng  and  printing  wool 
and  other  fibres. 

914  H.  Caudwell — Vessels  of  war. 

Dated  April  11th,  1363. 

915  F   Versmanu — Moulding  machines. 

910  J.  Lockwood — Str-am  boiler  aud  other  furnace*. 

917  D.  Mylrea— Fii-f-bars  or  furnaces  grids. 

918  W.Samuel — Improvements  in  rail  way  carriages 
to  mitigate  or  lessen  the  effects  of  collisions  to 
passengers. 

919  J.  Farrar— Twisting  or  doubling  yarns  of  wool 
or  other  fibrous  substances. 

920  W.  Clark — Separating  ores  from  their  gangues. 

921  P.  P  Baly — Breakwaters,  piers,  sea  wails,  and 
other  similar  structures. 

922  A.  F.  Maclure — Looms  for  weaving  figured 
fabrics. 

923  C.  A.  Collins — Loading  carts  and  waggons  with 
hay,  straw,  and  other  similar  products. 

Dated  April  13th,  1S63. 

924  J.  Ramsbottom —  Hammering,  rolling,  and 
shaping  metals. 

925  J.  Giil — Punting  machinery. 

926  A.  Rolfe— Propelling  carriages  on  railways, 
tramways,  or  on  common  roads. 

927  R.  Legg- tt  &  R.  Gitrus— Cutting  chaff  and 
other  agricultural  produce. 

928  J.  Lark — Artificial  fuel  and  cement. 

929  K.  Reeves— Liquid  manure  drills. 

930  R.  Newton — Separating  and  straightening  the 
fibrcsof  silk  waste  and  other  fibrous  substances, 

931  M,  Myers — Trunks,  portmanteaus,  aud  boxes. 

932  T.  Mallinson  &  P.  Williams— Opening,  clean- 
ing, carding,  and  grinding  or  sharpening  cards 
used  in  preparing  cotton  and  other  fibrous  ma- 
terials. 

|Dated  April  14th,  1863. 

933  J.  Nwsmith  &  S.  Thornton— Carding^cot ton  and 
other  fibrous  substances. 

934  G.  Berry— Locks. 

935  G.  T.  Smith — Metallic  window  shutters. 

936  W.  &  J.  Keats — Boots,  shoes, or  other  coverings 
for  the  feet. 

937  J.  Combe  fit  J.  H.  Smalpage— Machines  for 
winding  c<>ps. 

938  J,  Keats  St  W.  S.  Clarke— Sewing  machines. 

939  H.  Tiapuell—  Vent  pegs. 

940  R.  A.  Brooman  —  Hardening  and  colouring 
gypseous  limestone  and  sand  and  calcareous 
stones. 

941  R.  A.  Brooman — Lamps  for  burning  light  and 
heavy  mineral  arid  vegetable  oils. 

942  J.  Smith — Furnaces  and  boilers  for  the  genera- 
tion of  sieom. 

Dated  April  15th,  1863. 

943  J.  Lench — Washing,  squeezing,  mangling,  and 
and  churning. 

944  E.  P.  Colquhoun  &  J.  P.  Ferris— Fire  bars  for 
tht*  furnaces  of  steam  boilers  and  fire-grates. 

945  T.  Gray — Preparing  flax,  heinp,  and  other 
fibres,  by  which  a  brilliant  lustre  is  imparted  to 
those  substances,  and  the  fibres  are  separated 

846  W.    Clark — Apparatus   for    the    transport    of 

goods. 
947  H.  A.  Bonneville — Gas  burners. 
943  A.    Mnrriott — Boilers    for    heatiug     buildings, 

hnd  regulators  for  the  same. 

949  W.  Spence — Gunpowder. 

950  H.  Eaton — Presses  for  bailing  purposes. 

951  J.  S.  Morton— Locks. 

952  A.  V.  Newton— Lllowing  apparatus. 

953  T.  B.  E.  Fletcher—  Apparatus  for  collecting  the 
solid  portions  of  sewage. 

Dated  April  16th,  1863. 

954  J.  B.  Watts— Steel  sword  hilts. 

955  J.  L.  McLay — Mariners   compasses. 

956  I.  Baggs  &  W.  Simpson— Purifyiug  aud  treat- 
ing coal  gas,  sulphuretted  hydrogen,  and  other 
gases  containing  sulphuretted  hydrogen,  and  ob- 
taining sulphur,  sulphuric  and.other  acids  in  such 
treatment. 

967  C.   Ferrett — Preventing   incrustation  in  steam 

boilers. 
958  S.  Moulton— Lessening  the  recoil  of  cannon. 


959  W.  Oldfield— Locks. 

9ri0  A.  Samuel  son —Oil. 

961  T    A.  W.  Clarke— Shuttle  driver. 

9G2  F.A.E  Guirimnetjie  Massas — Smut  machines, 

aud  machines  t'ov  cleansing   and    peeliug  grain 

and  seeds. 

Dated  April  17th,  1863. 

963  R  Knight- — Treating  and  preparing  iron,  cop- 
per, and  other  wires  fir  trlegmphic  and  other 
uses  tor  the  purp  .se  of  preserving  them  from  cor- 
rosion or  decay. 

964  S    Riley— C  c.ia  and  chorolnte. 

9G5  J.  &  T.  Richmond  Se  D.  Hailing— Looms  for 
weaving. 

966  J.  Goucher — Steim  boilers,  aud  regulating  the 
admission  of  air  into  the  furnaces  of  steam 
huileia. 

9G7  R.  C.Ciapham— Treating  the  wafe  liquor  from 
bleaching  powder  stills  in  order  to  obtain  hydro- 
chloric acid  and  other  products  therefrom. 

968  R.  H.  Lawsou  8t  W.  D«rlow— Obtaining  motive 
p  aver. 

969  W.  Mnssiugham  —  Apparatus  for  coolin*- 
liquids.  ■* 

970  C.  Turner— Felted  fabrics. 

971  B.^J  Webber— Separating  corn  from  tho  ears* 
and  lor  combing  straw. 

Datkd  April  18th,  1863. 

972  C  W.  Se  F.  Siemen*—  Furnaces  which  are  prin- 
cipally applicable  to  the  smelting  of  iron. 

973  W.  S.  Macdonald— Drying  animal,  vegetable, 
and  mineral  substt^ces. 

974  T.  A.  Weston— Ratchet  levers. 

975  W.  B.  B-irdm- Wheels  aud  axles  applicable!to 
locomotives,  carriages,  and  paddle  wheels. 

976  G.  A.  Buchbolz— Hulling  grain  and  reducing 
granular  >ubstauces. 

977  T.  Hunt — Obtaining  motive  power. 

Datbd  April  20ih,  1863. 

978  P.  G.  Rowelt  Se  H.  Holt— Securing  the  bands  of 
locomotive  engine  and  tender  springs 

979  C.  Randolph  &  J.  Elder—  Surface  condensers. 

980  G.,  W.,  and  J.  Graham— Folding  or  plaiting 
fibncs. 

981  C.  Blanc — Combinator  for  the  purpose  of  using 
air  and  steam  us  motive  power. 

932  J.  Robey— Separating  .fluids  from  more  solid 
matters. 

983  W.  E.  Newton— Lamps. 

984  E.  W.  Hughes— Turn  tablas,  turn  bridges,  and 
slips. 

Dated  April  21st,  1863. 

985  A.  Ford  and  R.  Rigg— Re-forming  and  re- 
using old  or  waste  vulcauized  mdin  rubber. 

936  H.  Raften— Obtaining  printing  surfaces. 

987  J.  Heap— Adjustnble  wrenches  for  nuts,  pipes, 
and  pins. 

988  E.  L.  Simpson — Wnter-proof  compounds. 
98J  N.  P.  C.  Lloyd — Atmospheric   engine, 

990  M.  Ruukel — Marine  sieam  engine  governors. 

991  J.  W.  Nottingham— Two- wheeled  Vehicles 

992  H.,  E.,  S.,  and  J.  Yeadou— Healds  f„r  weaving. 

993  H.  Donald — Bending  or  straightening  metal 
plates. 

994  W.  E.  Newton -Wrenches. 

995  W.C.Cambridge— H-.rrows. 

9!I6  W.  Campion  and  G    Wilson— Looped  fabrics. 

997  W.  Ryan  and  W.  Daniel— Transmitting,  equal- 
izing, and  registering  human  power. 

Datrd  April  22nd,  1863. 

998  F.  E.  Bryant — Ascertaining  the  temperature  of 
steam  and  its  power  of  tension. 

999  T.  Settle  —  Roviug,  slubbiug,  nnd  spinning 
cottou  and  other  fibrous  substauces. 

1000  F  Durand — Moulding  articles  of  china  or 
other  clay  or  of  other  plastic  materials. 

1001  T.  Giace — Reaping  and  mowing  machines. 

1002  H.  B.  Barlow — Shoes,  boots,  and  other  cover- 
ings for  the  feet 

1003  E.  J  Jeffs  and  T.  Turner— Carriage  ways. 

1004  W.  Clark— Obtaining  publicity. 

1005  J.  Lee  and  K.  Dawson — Looms  for  weaving. 

1006  G.  B.  Barber— Steam  boilers. 

Dated  April  23rd,  1863.  * 

1007  J.  W,  Profhtt  and  W.  L.  Duncan— Distribut- 
ing saud  and  other  substances  on  the  rails  of  rail- 
ways and  tramways. 

:008  J.  Whitley,  J.  B.  Pope,  and  J.  W.  Burton- 
Metals. 

1009  R.  Richardson — Railway  permanent  way. 

1010  W.  E.Newton — Repairing*  worn  out  files. 

1011  W.  Clark— Tiles. 

1012  T.  Richardson  aud  J.  C.  Stevenson — Sulphite 
of  soda. 

1013  P.  McGregor — Spinning  and  doubling. 

Datkd  April  24th,  1863. 

1014  J.  Cavanah— Cricket  bats. 

1015  J.  B.  Daines — Preparation  Of  stone. 

1016  W.  N.  Wilson  and  J    G.  Grey— Sewing. 

1017  J.  Lnmbert — Ball  cocks. 

1018  J.  S hep pard— Steam  engines. 

1019  J.  Knowles  and  S.  Jaeksod— Heating  water. 
ll)20  R.  l>aveni:er — Lubricator. 

1021  P.  I'ussavant — Colouring  matters. 

1022  J.  Cornes  and  C.  Davis  —  Lawn  mowing 
machines. 

1023  J.  Thompson-r-Barrels  for  fire-arms. 

1024  J.  Thompson — Punching  metals. 

1025  AV.  A.  Shaw— Lining  lead  pipe  with  tin. 

1026  J.  Hinks  and  J.  Newman — Buttons. 

1027  J.  H.  Johnson— Treating  oils. 

;  Dated  April  25th,  1363. 

1028  C.  Pooley — Preparing  aud  spinning  cottou. 

1029  L.  de  Breanski— Fixing  drills. 

1030  S.  Harrisou— Type. 

1031  A.;H.  Clark  and  H.  Hope— Valves. 

1032  T.*A.  Weston  and  C.  Vivian— Pulleys. 

1033  J.;P-  and  E.  B.  Nunn— Cultivators. 

1034  j/Dunbaraud  J.  N.Woodford— Steering  sh:ps  . 
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STEAM  ENGINE  AND  SUGAR  MILL. 

COSSTBTTCTED   BV    MESSRS.    M'0>*1E    BeOS.,    ExGIXEERS,     GLASGOW. 
(Illustrated  ly  Plate  212.) 

Plate  212,  accompanying  the  present  number,  illustrates  the  larger  of 
the  two  sugar  mills,  with  the  engine  for  driving  it,  exhibited  at  the  late 
International  Exhibition,  by  Messrs.  M'Onie  Bros.,  of  Glasgow,  who  have 
acquired  a  well-earned  reputation  for  the  production  of  this  class  of 
machinery.  In  our  Plate,  Eig.  1  is  a  front  elevational  view  of  the  steam  j 
engine  and  sugar  mill ;  Fig.  2,  a  side  elevation  of  the  same  ;  and  Fig.  3, 
an  end  elevation  thereof. 

We  have  already  had  occasion  to  allude  to  Messrs.  M'Onie's  sugar 
machinery  in  our  series  of  Abtiza>"  Exhibition'  Scpplemexts  ;  and  in 
No.  3  of  that  series,  we  illustrated  a  portion  of  the  machinery  exhibited  by 
that  firm. 

The  sugar  mill  illustrated  by  the  accompanying  Plate  is  worked  by  a 
high  pressure  steam  engine  of  30  nominal  horse  power,  fitted  with  the 
usual  short  slide  valve,  and  an  expansion  valve  arranged  to  cut  off  the 
steam  at  any  part  of  the  stroke.  The  diameter  of  steam  cylinder  is  21in., 
ami  the  stroke  3ft.  Gin.  The  fly-wheel  is  18ft.  diameter,  and  the  main 
shaft  and  other  motive  parts  are  all  of  forged  iron.  The  engine  is  regu- 
lated to  run  at  35  strokes  per  minute,  and  with  high  pressure,  steam  is 
capable  of  being  worked  up  to  60,  to  80  indicated  H.P. 

The  connection  of  the  engine  power  to  drive  the  cane  mill  is  carried 
through  a  set  of  double  gear  spur  wheels,  which  with  their  shafts  and 
gearing  standards,  are  all  securely  arranged  inside,  and  fixed  to,  a  strong 
bed  casting.  The  speed  of  the  steam  engine  and  gearing  is  arranged  so 
that  the  surface  of  the  periphery  of  the  cane  mill  rollers  moves  about  19ft. 
per  minute. 

The  sugar  cane  mill  is  of  the  usual  three-rollered  form — rollers,  5! ft. 
longby28in.  diameter.  The  mill  bed  forms  the  receiver  for  the  juice;  and 
the  side  framings  for  carrying  the  rollers  are  so  constructed  that  any  of  the 
rollers  can  be  removed,  if  occasion  occurs  for  such,  without  dismantling 
the  framework. 

The  steam  engine  with  its  sugar  mill  is  of  a  size  frequently  sent  out  to 
the  sugar  estates,  and  is  capable  of  grinding  canes  for  making  10  to  12 
tons  of  sngar  daily.  The  weight  of  the  machinery  (exclusive  of  boiler)  is 
about  75  tons. 

The  smaller,  or  cattle  power  sugar  mill  previously  alluded  to,  was,  in 
general  arrangement,  similar  to  the  larger  mill,  but  having  the  necessary 
attachment*  for  the  bullock-*  or  mules. 

tt*c  may  add  that  the  machinery — the  subject  of  our  plate — was,  at  the 
rloae  of  the  Exhibition,  forwarded  direct  from  London  t.>  Trinidad,  to 
the  Brechin  Castle  estate  of  Messrs.  Gregor,  Turnbull  and  <'>.,  "f  fllasgow. 


A    CRITICAL    AND    HISTORICAL    REVIEW   OP    LOCOMOTIVE 

ENGINEERING. 

Bx  J.  J.  Brai  kkt. 

{Jlluttrattd  i.y  Plate  243.) 

(Contt  .,->-/,■  LOB.) 

Closch  c  mneo ted  with  the  general  question  of  stability  of  the  engine  ii 
that  of  the  state  of  repair  oi  the  carriage  proper  and  especially  tliii  ■■(' 
the  wheel  tyres,  the  axle  bearing*,  and  the  axle-boxes.  On  gn  tl  i  inseof 
(■stability  of  the  engine  \<  the  want  of  parallelism  of  the  axles,  the  ten- 
lU'iu  s  (.f  which  is  to  divert   the  engine  from   il  uid   to 

to  assist  in  producing,  thai  <iii  ipokon  of 

treating  of  the  disturbing  element  of  the  parti  machinery  in 
notion.  The  parallelism  is  especially  affected  bj  the  plaj  of  the  axles  i t • 
tlx-ir  bearing*  and  of  the  a\le  boxes  in  the  fram  ■  cheeks,  or  h  irn  p  - 
Us*  structure  and  construction  of  all  which  should,  therefore,  )>•■  inch  a« 
to  offer  the  least  possible  liability  to  wear.  The  realization  of  thi«  ■•' 
los  Wen  aimed  at  both  in  the  axle  bearings  and  In  the  frame  cheeks,  by 
pwiiding  as  large  a  frictional  surface  n  and  in   |oumati  by  In- 


creasing  their  length  when  the  condition  of  strength  and  durability  of  fhe 
axle  as  affected  by  its  diametre  is  satisfied ;  in  driving  axles  the  diameter 
of  inside  bearings  varies  from  5  to  7Hn.,  according  to  the  size  of  the 
engine,  these  being  very  likely  the  extreme  limits  in  locomotives  for 
ordinary  traffic ;  the  length  of  the  journal,  which  15  years  ago  probably 
never  amounted  to  7in.  in  any  of  the  engines  upon  the  narrow  guage,  now 
very  frequently  reaches  the  somewhat  large  dimension  of  10in.,  and  is 
seldom  less  than  Tin.  When  the  axle  has  both  inside  aud  outside  bearings, 
these  are  generally  smaller  in  diameter  but  at  the  same  time  longer, 
though  without  any  definite  ratio  to  the  inside  ones.  Mr.  Clark,  it  is 
true,  adduces  very  plausible  reasons  to  show  that  the  frictional  area  of  the 
inner  ones  should  be  considerably  larger  than  that  of  the  outer  ones,  yet 
in  practice  the  opposite  more  generally  occurs,  for  the  very  simple  reason 
that  when  room  is  provided  for  a  capacious  inside  bearing,  the  engineer 
prefers  to  dispense  with  the  outside  one  altogether.  In  coupled  engines 
the  dimensions  of  the  journals  of  the  leading  and  trailing  axles  are 
generally  equal  to  those  of  the  driving  axle,  for  the  sake  of  simplicity ;  in 
uncoupled  engines  their  diameter  varies  from  4  to  5Jin.,  it  being  generally 
larger  in  inside  bearings  than  in  outside  ones,  and  the  range  in  length 
remains  as  previously  stated.  We  shall"  have  occasion  to  refer  again  to 
inside  and  outside  bearings,  when  treating  of  the  general  principles  of 
construction  of  the  engine  frame. 

Driving  axles  which  used  to  be  made  almost  invariably  of  Yorkshire 
iron,  are  now  very  frequently,  and  upon  some  railways  exclusively,  made 
of  Krupp's,  or  Besserner's  steel.  Mr.  Bamsbottom,  who  makes  them,  we 
believe,  of  Bessemer's  steel,  does  not,  on  that  account,  reduce  their  diam- 
eter, but  Mr.  Sinclair  who  makes  them  of  Krupp's  steel,  reduces  it  by  the 
full  amount  of  one-sixth,  at  least,  of  its  original  diameter,  and  thus 
realizes  an  apparent  saving  equal  to  about  i^th  of  the  total  cost  of  the 
engine. 

Axle-boxes  used  to  be  made  exclusively  of  cast-iron  with  brass  steps  fitted 
into  them,  as  illustrated  by  Figs.  3  to  8,  plate  2  13.  At  a  later  date  the  driving 
axle-boxes  were  frequently  made  of  wrought-iron,  as  illustrated  by  Figs.  13, 
1 1,  and  15  in  the  same  plate,  chiefly  with  a  view  to  avoid  breakages ;  and  on 
the  Continent  they  are  now  invariably  made  of  that  material ;  with  English 
engineers,  however,  it  becomes  now  a  general  practice  to  make  them 
wholly  of  brass,  with  a  wrought-iron  strap  east  into  them,  as  illustrated  by 
Figs.  9  and  10.  This  strap  is  a  great  safeguard  to  the  sides  of  the  box  against 
the  sudden  shocks  to  which  they  are  subjected,  and  are  almost  iudispen- 
sible  with  underhung  springs,  when  they  are  expected  to  carry  the  whole 
load  upon  that  journal.  Mr.  Bamshottom  lines  them  with  Babitfs  metal, 
;is   most  of  the  other  journals  and   wearing   surfaces,   and   from  its  use  ho 

derives  unquestionable  benefit*.  As  remarkable  instances  of  the  property 
oi  this  alloy  to  keep  the  journals  oool  during  long  and  rapid  journeys,  we 
may  instance  a  journey  of  the  engine  "Lady  "I  the  Lake,"  which  has 
been  recorded  m  I'm:  Aim/w,  which  conveyed  the  Irish  mail  over  a 
distance  of  118  miles  in  ill  minutes  without  stopping]  it  maj  also  be 
staled  that  another  engine  of  the  son.  class  took  the  same  train  orer  a 
distance  of  864 miles  without  changing. 

Breakages  across  the  thinner  parts  oi  the  sides  o,"  the  axle-boxes  occur 

\vr\  frequentlj  from  shocks  when  there  is  any  ph«y  in  the  journals,  or  1h>- 

the  sides  of  the  box  and  the  horn  plates,  and,  in  order   to  prevent 

tl ,  and  at  the  same  tirai  the  reciprocations  of  the  parts  ..f 

machinery   In    motion,    Mr.    rTaslam,    ol    Met  re.   Pairbeirn    and    Sons, 
patented  the  axle  b  \.  illustrated  bj  Pigs,  10  t  •  19,  «  here  an  India-robber 
lining  is  interp  wed  bi  tween  the  hard  sni  I  u  •  -  o(  the  bos  ind  the  horn  p] 
that  lining  acting  as  a  spring ;  in  order  to  protect  the  iudia-rubb 
oil,  and  other  causes   of  deterioration,  the  horn  plates  are  recessed  and 
the  india-rubber  compressed  into  the  wrought  iron  plate  bring 

placed  between  It  and  the  axle-box  j  in  leading  axle-boxes  this  plat 

ibaped,  and  the  hoi  has  |ln.  of  plaj  on  each  side  oi  the  horn  block 

tbietheaxl  Iteell  I  i  the  requirements  of  the  road  when 

in  a  paper  read  before  theSodetj  of  Mechanical 

leers,  in  1858,  ||  .  Btted  up   in  this 

manner,  which  had  run  a.  in.iii%    a.   17,i"*>    miles,    were    still    ||    | 

when  new,  and  that  the  definite  result  lecertalnod  «:<»  a  diminished  wear 

.r  the  wheel  Binges  where,  In  ths  case  of  leading  wheels  tl  ixls> 

'.  it  was  also  general!)    idraitted  it  ths    nesting  that 

16 
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<  tliL  interposition  of  the  imlir.-rubber  was  a  decided  improvement.    Another  most  extravagant  piece  of  work  that  has  ever  been  proposed   from  the 

attemut  It  improving  the  construction  of  axle-boxes  with  a  view  to  avoiding  earliest  days  of  locomotive  engineering  to  the  present  'time, 

rapid  we'ir  is  the  one  illustrated  by  I'iu-s.  11  and  12,  lately  applied  by  Mr.  We  have  already  had  occasion  to  make  mention  ol   the   springs  m   the 

Sinclair  to  some  tenders  for  express  engines,  we  believe  by  way  of  expel*  course  of  our  introductory  remarks  on  the  stability  of  the  engine,  and  as 

meat  •  here  the  journal  rests  upon  a  series  of  brass  rollers,  disposed  around  the  analysis  of  the  duties  to  be  performed  by  them  forms  an  integral  part 

tin- circumference  of  the  journal,  and  when  the  carriage  is  set  in  motion,  it  of   the  general  problem  of   stability,  we   shall  here  proceed  npon   that 

is  expected  that  these  rollers  will  revolve  upon  their  own  centres,  and  that  analysis  and,  incidentally,  give   an  exposition   of  the   theory  upon   which 

the  loss  of  power  and  wear  of  the  working  faces  will  be  that  only  due  to  their  construction  should  rest,  and  endeavour  at  the  same  time  to  lay 

rolling  friction  ;  the  centres  of  the  rollers  are  made  of  steel,  and  rest  in  down  practical  rules  to  define'their  proportions. 

steel  rings  though  in  reality  thev  have  not   to  carrv  any  pressure,  since  The  beneficial  results  of  the  interposition   of  springs  between  the  load 

that  is  transmitted  from  the  axle-box  to  the  journal;  through  the  body  of  and  the  axle,  or  the  wheels  in  all  vehicles   of  what   kind  soever,  are  so 

tin   rollers    directly    we  understand,  however,    that    these    boxes   have  universally  appreciated  that  it  is  scarcely  necessary   to  make  mention  of 

already  been  replaced  by  common  ones.  them.     They  tend  both    to  the  preservation   of  the   road  and  of  the 
Horn  plates  are  generally 


yz-A 


P      'P 


made  of  cast-iron,  rivetted 
or  bolted  to  the  body  of  the 
frame,  and  are  made  as  broad 
as  circumstances  will  per- 
mit, in  order  to  get  as  large 
a  wearing  surface  as  pos- 
sible ;  longitudinally  they 
should  form  a  good  tit  with 
the  axle-boxes,  but  sideways 
there  should  be  a  little  play, 
in  order  to  enable  the  wheels 
to  adjust  themselves  more 
easily  to  the  inequalities  of 
the  road.  Mr.  M'Connell, 
in  his  later  practice,  used 
to  forge  the  horn  plates  solid 
with  the  frame,  and  thus 
made  n  very  good  and  sub- 
stantial job  for  strength  and 
durability,  although  at  the 
same  time  it  was  very  ex- 
pensive. Mr.  Ramsbottom 
makes  them  of  Bessemer's 
cast  steel,  in  the  shape  of  a 
horse  shoe,  fitting  round  the 

whole  of  the  frame  fork  ;  this 

in   the  present  condition  of 

the  manufacture  of  steel   is 

cheaper    than    the    method 

previously  mentioned,  and  is 

probably  more  durable. 
Wheelsfor  locomotives  and 

tenders  have  for  many  years 

been  made  of  wrought-iron, 

both    in  this    country   and 

abroad,  on  account  of  their 

great    elasticity,     which     is 

conducive  alike  to  the  pre- 
servation of  the  parts  of  the 

engine,  and   of  the   perma- 
nent  way  ;    the  spokes   are 

from   lOJin.  to  12in.  distant 

at  the  rim   of   the  wheel ; 

their   thickness   varies  from 

I  ',  in.  to  liin.and  their  width 

from  8iiu,  to   1 ;. in.     Wheel 

tyres  used  to  be  made  invari- 
ably     of     Yorkshire      iron, 

shrunk  oil  thewheeland  fixed 

in  addition  by  means  of  ,a-_fe« 

rivets,   with   a  view    chiefly 

to  prevent  the  tyre  coining 

loom-  when  worn  down  so  thin,  ns  to  roll  itself  out  during  performance  of  its 

work.    Now,  however,  they  .ore  made  very  frequently  of  Krnpp's  steel, 

which  ia  lew  liable  to  wear,  and  causes  the  tyres  to  preserve  their  Original 
shape  daring  «  gteeter  period  of  time. 

It  occasionally  happens,  and  espeeiulK  so  in   iteel  tyres,  that  they  break 

when  in  use,  and  that  a  piece  Hies  off,  impelled  by  the  centrifugal  force 
generated  bj  the  rotary  motion  of  the  wheel;  this  ciroumstance  has  been 

the  cause  of  serious  accidents,  and  in  ordei  to  prevent  them,  some  engineers 

have  thought  it  advisable  to  fasten  the  tyres  in  inch  manner  as  effectually 

to  prevent  portions  of  them  Hying  off  in  the  manner  stated.      PjgS.  1  and  2, 

show  two  different  contrivances  to  effect  tins;  the  one  by  Beattia  with 

clips  pit I  between  h  pair  of  spol.es,    and  a  continuous  dovetail  on  the 

outside  of 

all  round 


:."H 


ID 
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vehicle  itself,  while  al  re- 
gards the  freight,  they  ren- 
der land  carriage  far  more 
agreeable  to  man,  and  make 
it  less  hazardous,  or  injurious, 
to  many  descriptions  of 
perishable  or  fragile  goods. 
A  fact  much  less  apparent  is 
the  one  ascertained  by  Ge- 
neral Morin,  that  the  inter- 
position of  springs  consider- 
ably diminishes  theresistance 
to  traction.  Thus  we  rind  it 
stated  in  the  record  of  his 
valuable  experiments  on 
traction  upon  common  roads, 
that  at  a  speed  of  nine  miles 
per  hour,  suitable  springs  di- 
minish the  resistance  by  one 
half;  and  we  rind  also 
that  experiments  made  upon 
two  waggons  exactly  similar 
in  all  other  respects,  the 
one  being  with  and  the 
other  without  siirings.showed 
that  the  wear  of  the  road, 
as  well  as  the  increase  of 
resistance  to  traction,  was 
sensibly  the  same  after  the 
passage  of  1577  tons  over 
the  same  track,  for  the  car- 
riage without  springs  going 
at  a  pace  of  from  3-237  to 
1!  686  miles  |>er  hour,  and  for 
that  with  springs  going  at 
a  trot  of  from  7"158  to  8-063 
miles  per  hour.  If  the  reader 
here  docs  call  to  mind  the 
facts  elucidated  in  our 
paper  on  train  resistances, 
where  it  was  shown  that 
these  latter  increase  in  a  cer- 
tain ratio  with  the  speed,  he 
will  not  fail  to  appreciate 
the  importance  of  the  inter- 
position, and  Of  the  1  roper 
arrangement  and  construe 
tion  of  the  Borings,  in 
their  relation  to  the 
economy  of  railway  engi- 
neering ill  general,  and  of 
locomotive  engineering  ill 
particular. 

Us  affecting  the  stability  of  the  engine  in  progress  upon  the  read,  the 
leading  springs  should  be'  sufficiently  Btiff  to  absorb  rapidly  the  rolling 
motion  caused  by  the  component  upward  pressure  of  the  steam;  com- 
pared with  the  other  springs  thev  are  .subject  to  the  greatest  fatigue, 
because  upon  them  must  be  wasted  all  the  irregularities  of  motionanaing 
Iron,  the  labour  of  leading  the  engine,  in  the  performance  ol  which  labour 
there  should  be  the  least  possible  pendulous  motion  to  the  trout,  in  ordei 
to  save  the  frames  from  being  twisted,  and  to  keen  the  lixle  bearings  true. 
Their  flexibility  is  not  to  exceed  ,„th  of  an  inch  per  ton  load,  unless  the 
wheels  are  well  forward,  in  which  ease  ibis  limit  may  be  slightly  exceeded. 
In  uncoupled  engines  the  driving  apringa  should  have  great  elasticity  or 
i„  other  words,  a  great  range  of  deflection,  to  enable  the  wheels  to  re-How 


1  betweei 1,  puirof  spol.es,   and  a  continuous  dovetail  on  I  lie    in  otner  woios,  .,   B™»,  „v.   ............  nosslblei 

.1 heel;  thc'otberi,!  Burke,  in  which  the  tyre  is  dovetailed   tber.il.  freely,  and  to  maintain .the  trac ve  load  as  «,ual  as  pwsiw  ei 

both   inside    and   outside;    this   latter  is   in    our    opinion,    the    for   the   same  reasons   also  ahottW  the   tradim.    BpnngS  b.    vcrj 
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give  way  to  the  driving  springs,  while  the  great  elasticity  in  them  is  also  a 
boon  to  the  engine  driver.  Driving  and  trailing  springs  in  uncoupled 
engines  have  an  elasticity  of  from  Hn.  to  Jin.  per  ton.  In  six  wheel 
coupled  engines,  drawing  heavy  loads  and  running  at  low  speeds,  the  elas- 
ticity of  the  spring  h  limited  to  ahout  v'.j  of  an  inch  per  ton  load,  and  in 
engines  having  all  the  wheels  under  the  boiler,  the  trailing  springs  have  an 
elasticity  of  !  of  an  inch  only  to  avoid  as  much  as  possible  the  pitching 
motion  spoked  of  at  the  beginning  of  this  part  of  the  subject.  Mr.  Clark, 
upon  entering  int  i  the  question  of  constuction  of  springs,  says  that  "the 
whole  subject  is  in  the  hands  of  empiricists,  who  work  by  thumb  and  by 
rote,"  and  in  this  we  are  inclined  to  agree  with  him,  though  we  are  con- 
strained to  limit  that  assertion  to  some  engineers  only.  As  tor  Mr.  Clark 
himself,  he  no  doubt  has  some  correct  ideas  about  the  laws  of  deflection 
and  strength  of  springs,  but  when  he  says  that  "the  outer  contour  of  the 
Spring  should  be  as  nearly  as  practicable  a  parabolic  outline  when  the 
spring  is  flat,  in  order  to  secure  uniformity  of  strength,"  he  evidently  is 
working  by  rote  tils  >,  and  had  he  looked  more  closely  into  the  subject,  or 
consulted  the  writings  of  such  as  are  known  to  discard  empiricism,  he 
would  have  know  that  the  law  laid  down  by  himself,  as  to  the  outer 
contour,  is  totally  erroneous ;  there  are,  indeed,  many  locomotive  engineers 
who  labour  under  that  delusion,  but  we  know  also  that  there  others,  among 
whom  we  may  mention  Mr.  Kamsbottom,  who  construct  their  springs  more 
in  accordance  with  the  theory  which  we  are  now  about  to  develope,  the 
correctness  of  which,  we  think,  cannot  be  impeached.  Let  the  adjoining 
sketch  (Fig.  9)  represent  a  series  of  plates  resting  upon  one  another  by 
means  of  narrow  distance  plates  resting  upon  one  another  by  means  of 
distance  blocks;  the  plates  are  all  of  the  same  thickness  and  of  the 
same  width  throughout,  bnt  they  vary  in  length  in  such  manner.  If 
the  difference  be  a  constant  quantity,  and  if ;;  be  the  number  of  plates,  we 
shall  have  n t,  =-1',  if  certain  pressures  p  be  applied  to  the  ends  of  the 
upper  plates  they  will  transmit  themselves  unchanged  to  all  sueceding 
plates,  each  of  which  will  be  subjected  to  two  couples  placed  symmetrically 
on  each  side  of  the  axis  A.  B.,  and  the  condition  of  equilibrium  is  expressed 
by  the  general  equation. 


and  in  the  second  case  it  becomes 


E6 


i7. 


whence  again 


ESC 
12  p     «V«-*> 


■  P(h-  '•)  =  P  ■ 


(1) 


in  which  equation  E  represents  the  modulus  of  elasticity  of  the  plates, 
4  their  breadth,  t  their  thickness,  p  the  radius  of  curvature  of  the  element 
of  the  plate  under  consideration,  and  x  the  distance  of  that  element  from 
the  axis  A,  B  subject  to  the  conditiou  that  x  he  smaller  than  h ;  from 
equation  (1)  we  readily  deduce  the  following : — 


Etl» 
12pz 


(2) 


and  owing  to  the  condition  that  p  and  z  are  constant,  these  two  equations 
teach  us,  first,  that  the  molecular  stress,  or,  as  it  is  termed,  the  moment  of 
elasticity,  is  constant  throughout  the  length  of  the  plates ;  secondly,  that, 
within  the  same  limits,  the  radius  of  curvature  is  constant,  or,  in  other 
words,  that  the  plates  bend  according  to  an  arc  of  circumference.  If, 
however,  in  equation  (1)  x  be  made  larger  than  lit  then  the  general  equa- 
tion of  equilibrium  reads  thus — 


E  b  /'■ 
12 p  ~ 


=  i>  (*-■>•) 


(3) 


and  indicates  that  the  radius  of  curvature  decreases  in  proportion  as  the 
point  x  shifts  from  the  point  of  support  towards  the  end  of  the  plate; 
the  condition  of  preserving  the  radius  of  curvature  unchanged,  however, 
may  be  realised  in  two  ways — first,  by  giving  the  projecting  portion  of  the 
plate  a  triangular  shape  as  per  sketch  (Fig.  10)  in  such  manner  as  to  have 
always 


or  by  reducing   its  thickness,   as  per  sketch  (Fi 
to  have  always 

for  iu  the  first  instance  equation  (3)  becomes 


11),  in  such  manner  as 


1Z, 


P=l  = 


whence 


12  p 

E  B  I  ' 
12  pZ 


ia  p 


E  b  fi 
p  -    12  p  Z 


for  any  value  of  Zb  and  at  the  same  time  th  if  equal  strength 

is  exactly  realised  in  the  first  case,   and  in  the  second  case  the  plate  is 
slightly  stronger  than  a  solid  of  equal  resistance. 

Let  us  now  apply  these  considerations  to  an  ordinary  curved  spring 
whose  plates  are  bent  to  an  arc  of  circumference,  as  per  adj  lining  oat 
t  Kg.  12),  where  I  is  nearly  equal  to  the  half  length  of  the  plate,  and 


1-  =  2  S  d  or  d  =    jjT 


(1) 


p  being  the  radius  of  curvature ;  but  according  to  what  has  been  said 


P  = 


Eir" 

12  ]■  /. 


and  if  we  substitute  this  value  of  p  in  equation  (1),  we  find  for  d  the  fol- 
lowing value — 

P6gZ 
"  ~     E.4  t:i 

and  if  at  the  same  time  we  remember  that  I  =  n  Z,  we  obtain  finally 


6  p  P 


(5) 


Prom  this  equation  we  may  calculate  the  deflection  under  a  given  load 
p,  but  it  is  not  sufficient  to  enable  us  to  construct  the  spring,  for  we  do 
not  yet  know  what  thickness  and  what  number  of  plates  are  required  to 
enable  it  to  carry  that  load  with  safety;  this  will  be  realised  if  it  is  con- 
structed in  such  manner  as  to  satisfy  to  the  condition  expressed  in  the 
following  eqaation : — 

E  bt- 
PZ  =  — e— 

where  R  stands  for  the  strain  per  square  inch,  with  which  the  metal  may 
safely  be  loaded ;  but  as  we  have  also  the  relation 

I 
z=  T 

we  obtain  finally  for  the  condition  of  safety 

P=        61  (6) 

and  if  this  value  of  p  be  introduced  into  equation  (5),  we  shall  define  the 
maximum  deflection  which  the  spring  may  take  with  safety,  as  follows  : — 

*>  =  4r  « 

So  far  we  have  dealt  with  one  half  of  the  spring  only,  but  for  practical 
purposes  it  will  he  more  convenient  to  introduce  the  total  load  and  span 
into  the  above  formula;,  which,  if  S  be  the  span,  to  any  assumed  load  not 
exeeeding  the  limit  of  elasticity,  and  W  the  whole  working  load  which  the 
spring  shall  carry,  will  be  modified,  as  follows : — 

For  deflection  under  given  load, 

d  =  $ir&ST  (8) 

B"or  the  safe  working  load, 

n  R  b  t-  ,.. 

\Y  =  j  § ('•') 

And  for  maximum  deflection  consistent  with  safety, 

l>  =  i1!ETL  W 

which  formula;  will  enable  the  student  to  construct  springs  for  any  given 
load  and  circumstances,  provided  we  supply  him  with  the  numerical  values 
of  E  and  R.    These  values  as  accepted  for  the  general  purposes  of  engi- 


124 


Critical  and  Historical  Review  of  Locomotive  Engineering. 


["The  Abtizait, 
L  June  1, 1863. 


•tpm  -bs 
iad  sub  j  ui 


•qoui 'bs 
jadsuojm 
ajoan[EA 


S 


•tioui  'bs 
J8dsa6;ui 
gjoan^A 


•qou; -bs 
aadsubjui 
HjoeniEA 


■Si" 


5"H 

.a  i-i 


M 


The  Artiza.8,1 
June  1, 1863.   J 


Russian  Iron-Cased  Battery  "  Pervenetz.' 


125 


neering  may  be  found  in  various  works  on  practical  mechanics,  but  the 
reader  will  at  once  perceive  that  these  may  scarcely  be  expected  to  apply 
to  the  present  case,  where  the  elasticity  of  the  spring  as  manifested  by  its 
deflection  may  be  much  affected  by  the  mode  of  connection  and  super- 
position of  the  plates,  and  where  the  peculiar  circumstances  under  which 
it  is  called  upon  to  do  its  work,  must  have  a  great  influence  in  the 
assumption  of  the  unit  strain.  Here  again,  therefore,  we  think  we  cannot 
do  better  than  turn  to  actual  practice  to  supply  this  want,  and  on  the 
preceding  page  we  give  a  table  of  springs  as  made  by  Messrs.  Sharp, 
Stewart,  and  Co.  for  various  descriptions  of  engines,  with  their  working 
load  attached  to  each  of  them,  and  an  abstract  of  tests  made  to  ascertain 
the  deflection  under  a  gradually  increasing  weight.  The  working  loads 
in  conjunction  with  the  other  particulars  of  the  springs  will  enable  us  to 
find  a  practical  vail 2  for  R,  and  the  deflections  with  their  corresponding 
loads  will  enable  us  to  find  a  practical  value  for  E. 

Upon  inspection  of  this  table  it  will  be  perceived  that  in  each  individual 
case  the  elasticity  of  the  spring  remains  constant  for  equal  additions  to  the 
load  throughout  the  range  of  the  tests  which  have  been  carried  to  a  point 
far  beyond  the  actual  load  of  the  spring.  The  value  of  the  co-efficient  of 
elasticity,  E,  as  calculated  by  means  of  formula  (8)  for  each  spring  remains 
within  the  limits  generally  assumed  for  that  factor,  with  the  exception 
only  of  two  cases,  in  both  of  which  it  exceeds  the  maximum  limit,  as  we 
indeed  at  the  outset  anticipated  it  should  do,  owing  to  the  frictional  resist- 
ance to  bending  from  closeness  of  connection  of  the  plates ;  in  both  cases, 
however,  the  construction  of  the  spring  is  of  somewhat  exceptional  character, 
yet,  notwithstanding  these  irregularities,  for  the  1G  cases  the  mean  value 
of  E  is  very  nearly  an  arithmetical  mean  between  the  upper  and  the 
lower  limits  of  the  value  assigned  to  it  by  Dr  Rankine.  The  value  of  R, 
or  the  unit  stress  under  the  working  load  at  rest,  is  somewhat  considerable, 
ranging  from  12  to  34'4  tons,  and  for  the  10  cases,  averaging  23-G  tons, 
and  if  an  arithmetical  mean  be  taken  between  these  and  the  mean  working 
load  divided  into  it,  the  factor  of  safety  will  be  found  equal  to  2  exactly. 
As  there  are  no  indications,  however,  that  the  elasticity  of  the  metal  has 
sustained  any  injury,  though  the  tests  have  been  carried  much  beyond  the 
working  load,  and  as  the  cases  recorded  in  the  table  above,  embody  not 
only  the  experience  of  Messrs.  Sharp,  Stewart,  and  Co.,  but  also  that  of 
various  engineers  both  at  home  and  abroad,  the  mean  value  of  U,  which 
we  have  found,  may,  with  confidence,  be  taken  as  a  sufficient  amount  of 
safety  for  the  particular  ease  of  locomotive  springs  here  under  consideration . 
If  these  mean  values  of  E  and  B  be  introduced  into  formula;  (8),  (9),  and 
(10),  these  may  be  put  into  the  following  shape,  viz  :  — 
For  the  deflection  under  a  given  Load, 


d  = 


1 


For  the  safe  working  load, 

W   =    10,1       |         

And  for  the  maximum  safe  deflection, 

D  = 


(&.) 


«M 


l 

2420 


s- 
t 


.(10a) 


where  w  and  W  are  expsessed  in  tons,  and  S,  b,  t,  d,  and   I),  in  inches  and 
fractions  of  inches. 

To  facilitate  comparison  with  Mr.  (.'lark's  formula.1,  which  we  have  tran- 
scribed below,  we  have  modified  the  notations  in  the  preceding  formula-, 
giving,  like  Mr.  (Mark,  the  deflection  d,  and  the  thickness  t,  in  sixteenths 
of  inches,  S  and  A  remaining  us  belore  :  — 

»■  S> 

*'  -  "■   „wr     <M> 

l  »  i  'i- 

*--i6i-     s      <•« 

a",   -      1  86       ,  (  .       (Clark) 

1  a  - 

W        11;,   ■      j  ...  (Clark) 

The  greal   analogy  these  formula;  il  unite 

justified  in  saying  thai    Mr.  <'|.irk  had  ■ 
and  though  his  numerical  co-efficients  have  been  obtained  by  a  pi 

widely  different  from  our  own,  yol    urn'   ;;i   .  have  I n  nearly  identical 

with  those  found  li\  onri  ■'.-.  es,  h  "1  he  base  1  his  calculations  upon  ft  no 
of  different  examples  inst  nly. 


From  a  careful  study  of  the  theoretical  considerations  which  form  the 
earlier  portion  of  this  part  of  our  subject,  the  reader  will  perceive  also 
that  the  contour  of  the  spring  has  nothing  in  common  with  the  parabola, 
but  that,  in  order  to  realise  the  condition  of  practically  perfect  elasticity 
and  equal  strength,  the  contour  of  the  spring  when  it  is  under  its  maximum 
deflection,  should  be  as  near  as  possible  such,  that  the  projection  of  each 
plate  over  the  one  immediately  underneath  it  be  equal  throughout  the 
length  of  the  spring.  This  condition  is  decidedly  aimed  at  in  Mr. 
Ramsbottom's  springs. 

Springs  which  are  intended  to  have  much  elasticity  should  be  with 
considerable  camber,  so  that  they  may  expand  as  they  receive  their  load, 
and  the  increased  stiffness  from  friction  of  the  plates  be  compensated  by 
the  increase  of  span.  Upon  looking  over  the  preceding  table  it  will  be 
found  that  the  springs  which  have  the  greatest  elasticity  have  an  original 
camber  of  from  one-seventh  to  one-tenth  the  span.  The  plates  of  springs 
are  held  together  by  means  of  a  buckle  shrunk  on  in  the  centre,  and  at 
the  ends  they  have  generally  studs  punched  on  them,  which  are  made  to 
fit  into  corresponding  slots  in  the  contiguous  plate;  this,  however,  is  un- 
questionably a  source  of  weakness  to  the  spring,  and  we  believe  Mr. 
Ramsbottom  has  dispensed  with  the  slots  altogether,  and  simply  stamps 
nips  upon  the  ends  of  the  plates  in  such  manner  as  to  cause  them  to  fit 
into  each  other.  This  is,  we  consider,  decidedly  the  more  preferable 
plan. 

(To  he  continued.) 


THE  RUSSIAN   IRON  CASED  BATTERY  "PERYENETZ." 

We  have  given  in  another  column  an  account  of  the  launch  of  the  iron- 
cased  battery  Pervenetz,  built  by  the  Thames  Ironworks  and  Shipbuilding 
Company  for  the  Russian  Government,  together  with  some  other  parti- 
culars as  to  the  dimensions  and  characteristic  features  of  that  vessel.  For 
the  further  information  of  our  readers,  we  insert  the  accompanying  illus- 
trations (given  in  the  next  page)  and  additional  remarks: — 

Fig.  1  is  a  longitudinal  outline  elevational  view  showing  the  rig  of 
the  vessel  general  contour  of  the  hull. 

Fig.  2  is  a  half  midship  section  to  an  enlarged  scale. 

Pig.  li  is  a  horizontal  section  of  a  portion  of  the  hull  amidships,  shew- 
ing two  of  the  port-holes,  the  distance  between  the  centre  of  which  is 
12ft.  Sin. 

The  height  of  the  bottom  of  port-hole  from  the  water-line  is  7ft. 

The  height  between  the  top  of  the  lower  deck  to  underside  of  main 
deck  is  Gft.  lOin. 

The  keel  of  the  Pervenett  was  laid  in  April,  18G2.  The  dimensions,  &c, 
having  been  previously  determined  upon  between  the  Thames  Ironworks 
Company  and  the  Russian  Government,  the  Company  proposed  designs 
which  were  submitted  to,  and  approved  by  the  Russian  Government. 

The  Pervenelz  is  intended  for  shallow-water  operations  in  the  ltaltic, 
and  the  peculiarity  of  her  construction  renders  her  specially  adapted  for 
this  purpose.  Her  armour  plating  is  4iin.  thick  amidships,  and  3in.  at 
the  ends.  The  total  weight  of  armour  is  about  GOO  tons ;  the  teak  back- 
ing behind  the  armour  is  lOin.  thick,  worked  hori/.outully.  It  will  be 
seen,  on  reference  to  Fig.  1,  that  the  two  ends  are  of  very  peculiar  shape, 
which  occasioned  some  considerable  difficulty  in  adapting  the  armour 
plating  to  these  parts.  The  stem  is  about  3ft.  Gin.  broad  at  the  water- 
line,  and  gradually  assumes  the  form  of  the  flat  keel  plates  at  the  heel. 
To  the  stem  is  attached  the  bulkhead  running  longitudinally  01  flu  aft  li- 
the foremost  engine-room  bulkhead,  theobject  of  tb.il  bulkhead  being  togive 
to  the  stem  the  necessary  strength  to  withstand  concussion  in  the  event  of 
the  prow  being  used  as  a  ram  ;  which,  however,  is  not  very  likely  to  be  the 
case,  as  the  vi— •  1  is  not  supposed  to  steam  more  than  8  or  J)  knots  an 
hour.  The  stern  frame  from  its  peculiarity  and  novelty  is  also  deserving 
of  notice,  and  considerable  ingenuity  has  been  exercised  in  the  met  ho, 1 
arrived  at  by  Mr.  Macrow, — the  naval  constructor  of  the  Thames  Iron 
Works  and  Shipbuilding  Company, — of  applying  the  steering  apparatus, 

as  the  rudder  mine  being  at  the  extremity  Of  the  ship,  there  is  not 
breadth  at  thai  part  to  give  uioie  than  aboul  2.">  degre.  -  (.1  angle;  and  in 
consequence  of  the  foremost    poet    running   Up  to  reach    the   upper   part    1. 1 

■addle,  than  ami  not  sufficient  length  of  tiller.  This  neoessitaiad  the 
transferring  of  the  centre  of  the  rudder-bead  to  another  centre  before  thi 
foremost  i>osi,  by  means  of  tw o  strong  wheels  ind  on  endless  chain,  so  :)s  i 
in  angle  of  12  or  more  if  required.  This  arrangement  will  ha  battel 
understood  upon  reference  I  1  the  accompany  ketches,  Flgt  land6;  abeing 
tho  rudder,  0  and  o1  the  two  whei  Her,  c1  the  endless  chain,  d  the 

cent  id  line  of  thr  propeller  shaft,  •  Is  the  Iron  deck  at  water-llue,  j  is  thi 
inain  deck,  a  the  8in.  armour  plating,  and  I  1  bo  took  baching. 

h  aras  originally  intended  that  the  onglncs  of  the  Pinned  should  bi 
of  MX)  nominal  horse-power,  bul  it  wosaftcrwArd    decided  thai  800  would 
be  sufficient,  and  would  effect  a  saving  of  soino  few  Inohes  in  the  draught. 
We  may  add   that  the  It  Qovi  •  fildlng  In 
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ON    THE    CONSTRUCTION    AND    APPLICATION    OF    IRON 

ARMOUR  FOR  SHIPS  OF  WAR. 

By  Mb.  Noeman  S.  Russell. 

The  problem  of  forming  an  iron  fleet  would  at  first  sight  seem  a  simple 
matter ;  for  starting  with  the  following  facts  proved  by  experiment — first, 
that  lin.  thickness  of  iron  breaks  up  shells  so  as  to  prevei.t  their  explosion 
as  shells  j  secondly,  that  2.\\n.  thickness  of  iron  stops  them  completely,  and 
prevents  the  fragments  of  the  broken  shell  from  being  carried  through  the 
ship's  side  like  grape ;  and  thirdly,  that  -llln.  thickness  stops  the  heaviest 
shot  fired  front  the  most  powerful  guns  which  the  science  and  manufactur- 
ing skill  of  this  country  have  hitherto  produced — it  is  only  necessary  that 
the  vessels  of  the  present  wooden  fleet,  as  they  already  exist,  with  engines 
on  board,  should  be  coated  with  the  heaviest  of  these  three  thicknesses  of 
iron  which  each  ship  is  able  to  carry,  and  au  iron-plated  fleet  will  then  be 
obtained.  It  is  true  that  this  immense  fleet  will  cost  more  than  a  new  and 
effective  one  of  equal  power  ;  that  not  one  of  these  vessels  would  be  able 
to  cross  the  Atlantic;  that  the  entire  fleet  could  not  prevent  a  single  fast 
cruiser  from  seizing  all  the  gold  ships  on  their  way  from  Australia  ;  and 
that  they  would  not  effectively  blockade  the  coasts  of  any  foreign  power 
with  whom  there  might  be  war;  our  supremacy  at  sea  would  be  gone, 
but  we  should  be  safe  from  invasion,  and  able  to  stop  an  enemy  attempt- 
ing to  land  here. 

This  problem  has  already  been  tested  with  regard  to  the  iron-coated 
French  and  English  batteries.  Several  of  them  were  built  by  this  country 
and  sent  on  their  way  to  the  Crimea;  but  after  several  disasters,  and 
going  as  fast  as  they  could  under  steam  and  sail,  they  got  only  halfway, 
and  returned  to  this  country  having  done  nothing  ;  in  short  they  were  not 
sea  boats.  Such  an  iron-plated  wooden  fleet  would  be  of  a  little  more  value 
than  local  batteries  on  shore,  but  only  a  very  little  ;  they  could  shift  their 
position  it  is  true,  and  provided  it  was  known  where  an  enemy  intended  to 
land,  they  could  prevent  his  landing  ;  but  their  advantage  in  this  respect 
over  land  batteries  would  hardly  compensate  for  their  superior  cost. 

If  it  is  desired  to  retain  our  supremacy  at  sea,  n  fleet  must  be  formed 
that  can  not  only  fight  a  battle,  but  also  ensure  winning  it.  Such  a  fleet 
must  be  designed  and  constructed  anew  from  the  beginning  ;  whether  it 
shall  be  constructed  entirely  of  iron  or  with  wood  backing  to  support  the 
armour  plates  is  still  an  open  question  ;  but  in  order  to  possess  all  the 
good  qualities  which  are  required  in  naval  warfare,  there  can  be  no  doubt 
that  the  structure  of  the  vessels  must  be  of  iron.  The  real  diffilculty  of  the 
problem  consists  in  this,  that  any  existing  ship  of  war  when  iron-coated 
will  be  slow,  unseaworthy  and  combustible,  and  will  be  incapable  of  long 
voyages ;  whereas  the  fleet  of  England  must  be  able  to  keep  at  sea  for  a 
long  time,  to  steam  long  distances,  to  go  faster  than  the  ships  of  any  other 
country,  and  to  be  in  better  condition  than  other  fighting  vessels  in  all 
weather,  especially  the  worst.  The  whole  difficulty  consists  in  designing 
vessels  possessing  all  these  qualities  in  addition  to  being  shot-proof. 

To  begin  the  consideration  of  an  iron  shot-proof  fleet,  by  taking  an  exam- 
ple of  a  vessel  which  it  would  be  wished  to  construct  if  possible;  the  ques- 
tion arises,  can  shot-proof  gun  boats,  such  as  have  hitherto  been  built  be 
now  built  140ft.  long,  21ft.  beam,  of  80-horse  power,  and  carrying  4  guns ; 
and  the  answer  is.  they  cannot  he  built,  because  the  weight  of  iron  would 
sink  them.  Even  an  iron-plated  corvette  of  a  favourite  class,  190ft.  long, 
3Gft.  beam,  and  drawing  16ft.  of  water,  propelled  by  250  horse  power 
engines,  could  nut  be  constructed.  In  short,  to  carry  a  high  side  out  of 
the  water,  the  ship  cannot  be  much-less  than  GOft.  beam  ;  and  to  go  with 
the  requisite  speed  it  must  have  a  length  of  about  100ft.;  it  would  then  be 
a  completely  shot -proof  iron  ihip  worthy  of  the  British  fleet,  but  even  this 
vessel  would  be  7<JW  tons  burden.  Smaller  vessel-  can  of  COUIW  be  built, 
but  if  they  are  to  have  good  qualities,  and  are  intended  to  act  in  concert 
with  the  more  powerful  vessels,  they  most  be  only  partially  coated  and 
will  be  compromises. 

The  first  ship  of  t  hi  -  <-ia-s  w\\\  i„.  like  the  Warrior,  shown  iii  the 
accompanying  illustration,  Fig.  l;  the  next  will  he  a  smaller  vessel  with 
only  the  engines,  boilers,  and  magazine  protested  :  end  the  last  will  be  a 
small  shallow -water  gun-boat,  with  one  gun  protected  by  a  shield  in  trout. 
Hut  as  far  as  a  sea  going  fleet  is  concerned,  the  engines,  boiler*,  and  maga- 
zine must  he  protected  ;  and  it  is  this  indispensable  requirement  which 
makes  an  effective  ship  of  war  really  a  very  large  one.  It  seems  to  In- 
agreed  that  1  I  knots  an   hour  is  the    minimum  speed  of  lighting  vessel-   of 

war  for  the  future ;  hut  thiss] 1  cannol   be  got   in  a  vessel  under  'i>*<u. 

long,  and  for  thai   purpose  tin-  lines  must  he  very  fine.     I sler  to  carry 

the  engines  and  boilers,  which  roust  be  protected]  (In-  ihip  mosi   be 60ft. 

longer;  and  in   order  to   carry    also  a   coated    I  LO  t'uih   it   will 

have  to  he    lOf't.  Inam  ;    and  even  then  the  vessel    fsonl)    partially  coated. 

It  will  thus  he  seen  that  I  he  large  si/.e  of  VCCWlS  w  he  li  ar.  to  I,.-  entirely 
coated,  and  the  mere  partial   coating  of  smaller  \  •■--■■!-,  SIC  nmsjUj   merit 

able.     Both  tire  the  results  of  unalterable  laws,  in  tl loption  of  which 

there  is  no  choice.    This  point  has  to  he  insisted  upon  the 


because  the  question  has  sometimes  been  considered  as  if  both  the  size  of 
vessels  and  the  extent  and  nature  of  their  armour  were  matters  of  free 
choice.  Such  vessels  are  inevitably  of  enormous  cost,  and  therefore  too 
much  pains  cannot  be  bestowed  on  their  mechanical  design  and  the  strue 
ture  and  durability  of  their  armour. 

The  consideration  of  armour  resolves  itself  into  three  principal  questions 
first,  what  is  the  best  kind  of  armour  merely  to  resist  the  impact  of  shot 
for  which  purpose  the  armour  may  he  considered  to  be  simply  hung  on  the 
side  of  the  ship,  in  no  way  contributing  to  the  strength  of  the  structure 
but  merely  as  dead  weight  hanging  on  the  hull.  Secondly,  what  is  the 
best  way  of  forming  the  structure  of  a  ship  entirely  of  iron,  with  a  view 
of  employing  the  whole  strength  of  the  iron  for  the  purpose  of  rendering 
the  structure  of  the  ship  as  strong  as  possible  ;  making  the  vessel  only  so 
far  shot-proof  as  the  nature  of  the  structure  will  admit,  and  considering 
resistance  to  shot  a  secondary  object.  In  the  first  of  these  methods 
armour  plates  are  hung  on  an  already  finished  ship  ;  in  the  second  a  ship 
is  built  up  of  thin  plates  in  such  a  way  that  these  plates  may  afford  as 
much  protection  as  their  weight  can  give.  It  remains  to  be  considered, 
however,  thirdly,  whether  the  thick  armour  plates  and  the  thin  ship  plates 
could  not  be  so  combined  together  in  the  structure  of  a  ship  as  to  give  thac 
ship  all  the  benefit  of  them  both  as  armour  plates  and  as  integral  parts  of 
the  strength  of  the  ship. 

The  first  of  these  questions  is  easily  disposed  of.  In  the  original  floating 
batteries  of  185-A  an  ordinary  wooden  hull  of  a  ship  was  covered  with  iron 
plates  weighing  about  3  tons  each  and  lin.  thick,  tacked  on  by  through 
bolts  of  1  Jin.  diameter,  slightly  coned  and  countersunk  on  the  outside  with 
nuts  on  the  inside,  perforating  of.  course  the  sides  of  the  vessel.  It  is  in 
this  simple  and  rude  manner  that  the  six  vessels  now  building  by  the  Ad- 
miralty are  coated  over,  with  4  J  and  5}in.  armour  plates.  The  armour  of 
the  French  wooden  vessels  is  also  fixed  in  this  manner,  except  that  wood- 
screws  have  been  substituted  for  through  bolts  and  nuts,  as  shown  in  Fig.  2, 
which  represents  a  section  of  the  armour  of  La  Gloire,  the  first  con- 
structed of  the  armour-plated  ships. 

The  Warrior,  the  first  English  armour-plated  ship,  U  also  coated  on 
this  principle,  as  shown  in  Fig.  3,  which  is  not  affected  by  the  circumstance 
of  this  vessel  having  an  iron  skin. 

The  first  reliable  experiments  made  in  this  country  on  armour  plates 
were  those  againt  the  side  of  the  Trusty,  in  1859,  of  which  Admiral  Hal- 
sted  has  left  a  valuable  record.  The  armour,  shown  in  Fig.  1,  consisted  of 
4in.  iron  plates  fastened  to  the  side  of  the  vessel,  which  was  equal  in 
scantling  to  that  of  a  90  gun  ship.  The  general  result  of  these  experi- 
ments was  thit  out  of  more  than  25  shots,  fired  from  Armstrong,  Whit- 
worth,  and  ordinary  32  pounder  guns,  only  two  shots  pierced  the  armour 
at  the  joints  of  the  plates,  and  these  were  then  so  spent  that  they  dropped 
on  the  deck  of  the  ship  without  reaching  the  other  side.  It  is  not  known 
that  any  experiments  were  made  on  the  armour  of  La  Qloire ;  no  doubt 
the  actual  experience  gained  from  the  iron-coated  floating  batteries  at  Kin- 
burn  was  considered  of  more  value  than  any  which  could  be  obtained  from 
firing  against  a  target  under  circumstances  that  could  scarcely  occur  in 
actual  warfare. 

The  Warrior  target,  Fig.  3,  like  the  plating  of  La  Gloire,  was  based 
upon  the  experience  goined  by  the  French  floating  batteries  at  Kinhurn, 
and  \  inch  was  added  to  the  thickness  of  the  plates  as  an  allowance  for 
the  improvements  in  artillery,  making  I J  in.  total  thickness.  The  plates 
were  wider,  and  the  iron  skin  was  placed  behind,  forming  the  side  of  the 
iron  Warrior.  This  target  was  subjected  to  the  tire  of  the  ordinary  Arm- 
strong and  smooth-bore  gnus;  the  plates  were  driven  in  from  the  bolt 
heads  and  were  bent  and  buckled  in  a  manner  that  proved  their  admirable 
qualities,  but  the  bolts  were  not  broken,  except  when  Struck  !>\  shot,  and 
the  -Kiu  remai 1  intact.       This  was  the  great  triumph  of  armour  plating, 

which  proved  that  the  iron-ooated  ships  then  [n  existence  were  invulner- 
able under  circumstances  very  unlikely  to  he  reached  in  an  actual  naval 
battle.      Subsequently  experiments  were  tried  with  the  L56  pounder  gun, 

and  the  three  shot-  tired    at  the  target  punched   a  clean  hole   through   the 
r  plate,   anil  lodged    ill    the   hacking,  hut    did  not  penetrate  the  iron 

skin  behind. 

In  the  second  method  of  constructing  Iron  war  «hips,  the  beet  structure 
of  i  In-  ship  exclusively  ha-  been  kepi  in  view,  ami  it  has  been  endeavoured 
by  increasing  the  thickness  of  the  structure  to  render  it  shot  proof,  without 
sacrificing  any  of  the  materials  for  thai  purpose  bul  retaining  {the  us.-  of 
ti„ -ir  whole  strength  in  theship.  This  was  s  very  Ukelj  course  for  either 
an  engineeror  shipbuilder  to  follow,  ami  those  who  took  op  the  subject  from 
a  mechanical  point  of  view  nave  more  naturally  adopted  this  system  which 
maybe  called  the  structural  system  j  while  tin  artillerist  took  up  the  former 

former   plan  Of  simple   iron    armour,   nigh-ding    structural    consideration*. 

The  principal  applications  of  this  teoonasysteroare  shown  In  Riga.  r>,  8, 

ami  7. 

Experiments  on  armour  plate-  were  made  in  the  United  state-  it  the 

beginning  of  the  present  century  by  lir.  Stevens,  the  rather  of  the  preeent 

n  of  armour-plated   ihip  ,  and  the  "Stevena  Battery  "  shown  In 


128 


Institution  of  Mechanical  Engineers. 


f  The  Abtizjls, 
L  June  1,1863. 


Fio.  1. — Section  or  Wabbiob. 


Fis.  2.— La  Gloibe. 


Fro.  3.— Warrior. 


Fig.  4.— Tbfstt, 


The  Artiza>-,"| 
June  l,  1S63.   J 


Institution  of  Mechanical  Engineers. 


129 


\^-l>;  ^v  H'.&M^k-' 


11111111 

lliUM!!!!!!! 
uuiumimunuuwm 
l«fi!i!i!fin 


tuuiiuiunmiiitmrn 

mmmmMwm 


mmmmmmm 


illllitl 

imntmiKfraiMra 

■liillil 


Fig.  5. 


Fig.  6.— Mbhbimac. 


Fig.  7. 


Fig.  8. 


Via.  n. 


I'n..  I". 


Kio.  11. 


fio.  U. 


17 


130 


Institution  of  Mechanical  Engineers. 


I  The  Aetizak, 
L   June  1,  1863. 


in  section  at  Fig.  5,  was  constructed  at  a  later  period  bf  the  Ainerican'Go- 
vernnieut  in  consequence  of  those  experiments.  The  ship  was  only  half 
finished  when  its  construction  was  discontinued ;  but  since  the  agitation  of 
this  question  in  America  several  experiments  have  been  tried  to  test  the 
peculiarities  in  the  construction  of  this  vessel,  by  subjecting  a  target  of 
similar  construction  to  the  fire  of  the  heaviest  American  naval  guns.  This 
armour  is  6iin.  thick  in  all,  being  composed  of  2-in.  plate  with  a  number 
of  fin.  plates  behind  it.  The  Stevens  Battery,  like  the  Wartior,  is  an 
iron  ship,  and  between  the  iron  skin  and  the  armour  there  is  a  timber 
backing  of  14in.  of  locust  timber.  The  target  was  placed  on  a  slope  of 
27^°  to  the  horizon,  and  fired  at  from  a  distance  of  220  yards  by  a  10-in. 
service  gun  weighing  88  cwts.,  and  subsequently  by  a  Parrot  rifled  gun 
of  6Jin.  bore  weighing  86  cwts.  The  shot  from  the  10-in.  service  gun 
was  solid  spherical  shot  weighing  124fts.,  with  a  charge  of  lifts,  of  powder. 
The  deepest  indentation  made  by  this  shot  in  the  armour  was  lfin.  Only 
lOOfts.  shells  were  fired  from  the  Parrot  gun,  with  lOlbs.  of  powder,  and 
they  made  indentation  only  1  inch  deep.  The  slight  effect  produced  upon 
theStevens  armour  must  be  attributed  to  the  great  angle  at  which  it  was 
placed  and  the  low  velocity  which  1241bs.  shot  would  have  when  fired  with 
only  lllbs.  of  power.  The  Americans,  however,  still  believe  that  a  num- 
ber of  thin  plates  properly  backed  are  better  able  to  resist  shot  than  one 
plate  of  equal  thickness,  which  can  only  be  considered  to  arise  from  an 
inability  at  present  to  forge  or  roll  thick  soft  and  homogeneous  plates  of 
large  dimensions. 

The  armour  of  the  Merrimac,  shown  in  Fig.  6,  although  it  was  designed 
simply  for  resisting  shot,  must  necessarily,  from  its  peculiar  formation,  add 
to  the  strength  of  the  ship.  It  was  not  formed  as  is  generally  supposed 
of  railway  bars,  but  in  a  manner  much  more  effective  and  ingenious. 
Bars  of  iron  6in.  wide  and  l£in.  thick  were  placed  vertically  on  the  side 
of  the  ship,  and  another  outer  layer  of  bars  of  the  same  width  but  2jin. 
thick  crossed  the  lower  layer  at  right  angles,  the  whole  being  bolted  at 
each  intersection  to  the  side  of  the  ship  by  fin.  bolts  or  screws.  This 
armour  seems  to  have  stood  remarkably  well  against  the  heaviest  shot  of 
the  ships  of  war  to  which  it  was  exposed,  but  fired  at  low  velocities;  for 
as  far  as  it  is  known,  no  shot  fired  from  the  Congress  or  the  Monitor 
pierced  the  side.  It  forms  probably  the  cheapest  armour  that  can  possibly 
be  constructed,  and  has  been  introduced  for  fortifications  by  Captain 
Inglis,  where  weight  is  of  no  consequence  and  cost  is  everything.  In  the 
armour  for  ships  of  war,  however,  the  case  is  precisely  reversed. 

In  Fig.  7  is  shown  a  section  of  the  target  constructed  by  Mr.  Hawkshaw, 
who  was  one  of  the  first  to  see  the  important  advantages  to  be  derived 
from  the  substitution  of  a  structure  of  thin  iron  plates  in  place  of  the 
thick  armour  plate  with  wood  backing,  provided  an  equally  effective  re- 
sistance to  shot  could  be  obtained.  This  target  consisted  of  twelve  f-in. 
plates  with  a  2in.  plate  on  the  outside,  forming  llin.  thickness  of  iron 
altogether,  the  whole  being  rivetted  together  or  tied  by  l^in.  screws 
tapped  through  all  the  plates  at  8in.  pitch.  Only  a  few  shots  were  fired 
at  the  target,  but  the  trial  of  it  was  a  valuable  experiment,  and  the  result 
proved  that  future  ships  of  war  could  not  be  formed  of  thin  plates  alone, 
though  the  question  of  iron  backing  still  remained  open. 

Having  now  considered  armour  without  strength  and  strength  without 
armour,  the  third  method  of  construction  comprises  the  plans  devised  in 
the  belief  that  nothing  but  thick  armour  plates  perfectly  solid  can  be  shot- 
proof.  In  this  conviction  it  has  been  attempted  to  counect  the  iron  armour 
directly  and  immediately  with  the  iron  hull  of  a  ship,  so  as  to  avoid  wood 
backing  with  its  rapid  decay,  its  bad  fastening  and  its  bad  structural 
qualities  and  so  as  to  make  the  entire  hull  and  armour  one  homogeneous 
mass  of  iron,  that  it  may  as  a  whole,  possess  vast  strength  and  great 
durability.  When  this  is  done,  the  enormous  cost  of  a  fleet  of  large  vessels 
will  not  be  perilled  by  the  chances  of  premature  decay,  and  the  ships  will 
not  be  burdened  by  useless  loads  of  material.  Three  plans  have  been  tried 
for  this  purpose.  One  is  that  of  the  Iron  Plate  Committee  who  were  to 
try  the  question  of  iron  against  wooden  backing.  A  second  plan  adopted 
by  Mr.  Samuda  may  be  called  the  thick  plate  structure,  because  it  takes 
the  thick  plates  of  the  armour  and  by  scarfing  them  from  the  inside,  builds 
the  upper  part  of  the  hull  from  the  armour  plates,  so  that  they  form  the 
ship  itself.  The  third  plan  by  Mr.  Scott  Russell  may  be  called  the  incorpo- 
ration structure,  because  the  hull  of  the  ship  is  here  built  up  quite  inde- 
pendent of  the  armour,  and  recesses  are  prepared  in  this  structure  into 
which  the  plates  are  let  as  into  cells,  and  the  edges  of  the  cells  are  then 
rivetted  down  over  the  plates  in  such  a  manner  as  to  incorporate  the 
plates  into  the  previously  existing  structure ;  by  this  plan  the  backing  and 
fastening  form  parts  of  the  ship,  and  the  armour  plates  communicate  as 
much  strength  as  one  uninterrupted  rivet  all  round  the  edge  can  give  them. 

The  Iron  Plate  Committee,  knowing  the  advantages  to  be  derived  from 
the  substitution  of  an  iron  for  a  wooden  backing,  designed  the  iron 
target,  shown  in  Pig.  8,  which  in  every  way  except  the  wood  backing  was 
on  the  same  principle  as  the  Warrior  target.  The  bolting  was  the  same 
in  principle,  and  there  were  ribs  at  the  back ;  the  onlv  difference  being 
that  a  little  less  material  was  put  into  the  skin  and  a  little  more  into  the 
ribs.    The  result  proved  the  utter  insufficiency  of  the  bolting,  since  S 


out  of  tha  46  bolts  holding  on  all  the  armour  plates  snapped  off  at  the  first 
round.  It  also  proved  that  an  iron  target  formed  in  this  manner  was  not 
an  improvement  on  the  Warrior  target  so  far  as  resisting  shot  was  con- 
cerned. The  target  would  probably  have  stood  much  better  if  the  backing 
and  framing  had  been  exactly  the  same  as  in  the  Warrior  and  had  had  2Jin. 
of  backing  with  10in.  frames,  instead  of  only  lin.  skin,  and  ribs  of  twice  that 
depth. 

In  Fig.  9  is  shown  the  target  next  experimented  upon,  designed  by  Mr 
Samuda.  It  differed  from  that  of  the  Iron  Plate  Committee  in  having 
5£in.  plates,  and  having  a  very  different  system  of  framing ;  the  chief  pecu- 
liarity being  a  strong  thick  plate  at  the  edges  of  the  armour,  through 
which  the  numerous  lfin.  bolts  or  rivets  were  fastened.  The  framing  of 
this  target  proved  inferior  to  that  of  the  previous  one,  but  the  plates 
curled  up  in  a  much  less  degree,  and  stood  better,  excepting  at  the  edges 
where  they  were  weakened  by  the  bolt  holes. 

In  Fig.  10  is  shown  the  target  next  tried,  constructed  on  Mr.  Scott  Eus- 
sell's  plan  of  continuous  rivetting,  wholly  of  iron,  and  introducing  the 
principle  of  fastening  the  plates  without  bolts.  The  armour  plates  of  4£in. 
thickness,  are  fitted  in  between  wrought  iron  bars  of  the  same  depth,  which 
run  longitudinally  and  vertically  along  the  ship's  side  and  form  part  of  its 
structure.  These  bars  are  heated  at  the  outer  edge  and  hammered  down 
over  the  edges  of  the  adjacent  armour  plates,  in  such  a  way  as  to  form  one 
continuous  rivet  passing  all  round  the  edge  of  each  plate.  There  are 
several  other  plans  for  holding  plates  without  bolts,  which  differ  only  in 
their  practical  execution  from  that  now  described,  but  their  principle  is 
the  same,  and  the  trial  of  this  may  be  considered  in  effect  as  a  trial  of  them 
all.  The  result  of  experiments  proved  that  the  fastening  stood  perfectly, 
and  that  an  iron  target  could  be  constructed  entirely  of  iron  which  could 
prevent  the  1561bs.  shot  fired  with  501bs.  of  powder  from  passing  through 
the  armour. 

The  author  then  proceeded  to  submit  the  following  conclusions,  viz. : — 
In  the  first  place  a  thick  plate  must  be  employed  on  the  outside  of  the 
target.  As  much  of  the  armour  as  practicable  should  be  put  into  the 
structure  of  the  ship,  but  it  must  have  a  thick  plate  on  the  outside.  The 
plate  must  not  only  be  a  thick  one,  but  it  must  also  be  a  wide  one ;  in  !- 
other  words  the  fewer  cracks  in  the  armour  to  begin  with  the  better.  The  < 
large  plates  are  of  course  very  expensive,  and  it  would  be  highly  satisfac- 
tory if  smaller  ones  could  be  made  to  do  as  well ;  but  the  681b.  shot  insists 
upon  large  armour  plates  if  it  is  to  be  kept  outside  the  ship. 

The  next  fact,  which  is  common  to  armour  backed  with  wood,  and  armour 
backed  with  iron,  is  that  every  bolt  hole  weakens  the  plate.  A  large  bolt 
hole  does  not  weaken  it  more  than  a  small  one ;  and  if  bolting  is  found  to 
be  the  best  mode  of  fastening,  the  bolts  should  be  large  and  there  should 
be  few  of  them.  The  holding  of  the  plate  is  of  more  consequence  in  an 
iron  than  in  a  wooden  target,  for  this  reason,  that  the  iron  plate  is  driven 
bodily  into  the  wood  and  the  only  purpose  which  the  fixing  serves  is  to  keep 
the  plate  from  absolutely  falling  off.  It  would  prove  a  very  instructive 
experiment  and  would  not  cost  much  to  have  the  Warrior  itself  sub- 
jected to  the  same  test  as  its  section  at  Shoeburyness,  and  then  sent  to 
sea  to  try  the  effect  of  the  rolling  of  the  ship  upon  the  loosened  plates ; 
the  dockyards  would  also  have  an  opportunity  of  finding  out  the  easiest  and 
most  efficient  method  of  repairing  such  a  iron  fleet. 

It  seems  very  remarkable  that  in  the  construction  of  armonr  plating, 
such  different  mechanical  proportions  should  have  been  adopted  from  those 
of  other  iron  constructions,  and  that  while  lin.  plates  would  be  fastened 
together  with  ljin.  rivets  or  bolts,  a  large  plate  20ft.  long,  upwards  of 
3ft.  wide,  and  weighing  more  than  5  tons,  should  be  fastened  on  by  only 
fifteen  2in.  bolts.  Mr.  Samuda's  target  was  far  less  injured  and  far  less 
changed  in  general  shape  than  that  of  the  Iron  Plate  Committee,  for  the 
simple  reason  that  there  were  a  larger  number  of  bolts  to  hold  the  plate 
to  the  skin ;  but  they  were  unfortunately  so  close  together  that  a  couple 
of  shots  happening  to  strike  the  edges  of  the  plates  where  they  were 
weakened  by  the  holes,  one  of  the  shots  went  clean  through.  In  Mr. 
Scott  Russell's  target,  constructed  on  the  principle  of  fastening  without 
bolts,  the  face  of  the  target  was  less  disturbed.  The  area  of  fastening  or 
bolting  to  a  given  plate  on  this  principle  is  12  times  that  of  Mr.  Samuda's 
and  25  times  that  of  the  Iron  Plate  Committee's  target. 

The  effect  of  shot  on  a  target  having  wooden  backing  is  to  expend  all  its 
force  on  the  armour  plate,  which  is  twisted  and  bent  and  curled  up  at  the 
edges,  but  the  iron  skin  remains  intact.  In  the  iron  target,  on  the  other 
hand,  the  skin  and  backing  divide  the  work  with  the  armour  plate,  and 
while  the  skin  is  broken  through,  the  armour  plate  remains  but  little  in- 
jured ;  and  probably,  although  several  shots  did  go  through  the  two  iron 
targets,  if  the  firing  were  continued  on  them  as  well  as  on  the  Warrior 
target,  the  latter  would  be  smashed  in  long  before  either  of  the  former. 

Whenever,  therefore,  ships  come  to  "be  built  entirely  of  iron,  as  will  be 
the  case  at  some  future  time  if  not  now,  it  is  submitted  that  they  must 
have  the  following  qualities:  the  armour  plates  must  be  wide,  there  must 
be  no  bolts,  the  fastenings  must  be  large,  and  there  must  be  an  inner  skin 
to  prevent  the  pieces  of  iron  from  flying  among  the  crew.   Such  an  armour 
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■will  then  be  superior  in  resisting  power  to  that  of  the  Warrior,  adding  to 
the  strength  of  the  ship  instead  of  detracting  from  it,  having  a  skin  un- 
injured and  independent  of  the  armour  j  and  it  will  cost  nothing  for  re- 
pair, but  will  last  for  ever.  .  _ 

It  is  important  to  glance  at  the  power  of  shot  fired  at  high  velocities 
to  penetrate  iron  armour,  and  the  capabilities  of  the  iron  armour  for  resist- 
ing solid  shot.  Xot  much  is  known  positively  respecting  this,  but  the 
following  facts  are  tolerablv  well  ascertained :  that  the  HOlbs.  Armstrong 
shot  hasCa  velocity  of  1200ft.  per  second,  the  681bs.  shot  a  velocity  of 
1580ft.  per  second,  and  the  1561bs.  a  velocity  of  1700  feet  per  second; 
and  that  these  shots  have  respective  penetrating  powers  of  158,  170,  and 
430.  It  is  also  believed  that,  while  the  penetrating  power  of  shot  is  as 
the  square  of  its  velocity,  the  resisting  power  of  a  plate  is  as  the  square  of 
its  thickness.  This  has  not  been  absolutely  proved  by  experiment,  but  is 
probably  not  far  from  the  truth,  and  any  error  is  due  to  the  difficulty  of 
manufacturing  thick  plates  as  homogeneous  as  thin  ones.  Assuming  then 
the  two  following  data,  that  the  681bs.  shot  just  does  not  pierce  a  4in. 
plate,  and  that  the  1561bs.  shot  just  does  not  pierce  a  4iin.  plate, 
backed  by  3in.  of  iron,  it  can  be  determined  approximately  what 
thickness  of  plate  and  backing  would  be  required  to  stop  a  given  shot 
having  a  given  velocitv,  and  what  size  of  vessel  would  be  needed  to  carry- 
such  armour  and  also  to  possess  all  the  qualities  necessary  in  a  ship  of 
war.  At  present  the  shot  fired  from  the  most  powerful  gun  yet  made 
is  stopped  bv  a  4Mn.  armour  plate  and  3in.  backing  of  iron,  and  the  vessel 
necessary  to'carrv  such  armour  is  of  7200  tons  burden,  and  has  a  displace- 
ment of"  10,500  tons,  a  saving  in  weight  of  600  tons  being  here  made  by 
the  adoption  of  the  iron  backing. 

Tame  of  Dimensions  of  Vessels  to  cabby  dipfebent 

THICKNESSES   OF    AbMOITB. 


4J-  inch 
armour. 

7-inch 
armour. 

11-inch 
armour. 

400  feet 

CO  feet 

7200  tons 

1800  h.p. 

500  feet 

70  feet 

12000  tons 

20ii0  h.p. 

600  feet 

80  feet 

20000  tons 

3000  h.p. 

1800  tons 
2000    „ 
2000    „ 
4000    „ 
700    „ 

2000  tons 

uoe  „ 

3700    „ 
5000    „ 
1000    „ 

3000  tons 
10000    „ 
5000    „ 
7500    „ 
1500    „ 

hull       

10600  tons 

16000  tons 

27000  tons 

Weight  saved  bj  adoption  of  iron  7 

600  ton 

150" 

4i*io  tons 

Although  however  no  shot  has  penetrated  the  strongest  armour  hitherto 

made,  guns  will  doubtless  be  made  to  pierce  it,  foi  an  Anaatroog  gun   Is 

now  being  manufactured  to  throw  a  3001b*.  spherical  shot,  and   guns  will 

probably  be  made  to  throw  400  and  6001bs.  shots.     Un  the  other  hand, 

although  Hn.  armonr  ia  no  longer  invulnerable,  it  mart  nd  be  consid  red 

thai  the  thickness  of  -armour  cannot  be  increased  because  ■  vessel  could 

not  cam  the  additional  weight  ;  and  the  writer  wishes  to  show  that  irhen 

the  more  powerful  guns  :irr  manufactured  and  used  in  luge  numbers  not 

onlv  can  the  shol  be  stopped  bj  armour  of  reasonable  dimenaiona,  bat  ibi- 

armour  can  be  carried  by  vessels  of  such  moderate  iHnmwJoai  ae  to  oiler  a 

fair  prospect  of  the  race  between   nnnour   and  artillery    being   continued 

for  the  next   twenty  or  thirty  years.      Thus  taking   the    iruii    now    in    pro 

for  throwing  a  3001bs.  spherical  shot,  which  may  I"  aasumed  to  have 

ocity  of  2000ft.  per  second  at  a  range  of  300  yards,  this  shot  may 

irding  to  the  preceding  data,  be  stopped  bj    ■   plate  Tin.  thick  and 

li,.   i Jin.  of  iron,  ns  shown  in  (Fig.  11).     Zhe  minimal  ves* 

quired  to  enrry  such  armour  from   end   to  end  would   be   of  12,'xhi  tons 

burden  and  would  !>'•  propelled  by  engines  of  2000  bona  power  ai  i  ipaed 

.  knots  per  hour  ;   1500  tons  weight  would  be  wved  in   th. 
Hon  by  the  use  of  iron  instead  of  wooden  b  icking.     Assuming  still  further 
that  n  gun  is  made  to  throw  a  spherical  shot  weighing  5001m.  having  a 


velocity  of  2500  feet  per  second,  such  a  shot  could  on  the  same  data  be 
stopped  by  llin.  armour  plates  backed  by  8  inches  of  iron,  as  shown  in 
(Fig.  12),  and  this  armour  could  be  carried  from  end  to  end  by  a  vessel  of 
20,000  tons  burden  and  3000-horse  power,  which  would  be  under  the  size 
already  attained  in  the  Great  Eastern.  A  comparative  calculation  of 
these  vessels  is  given  in  the  accompanying  table. 

It  must  be  borne  in  mind  that  these  vessels  are  coated  from  end  to  end; 
and  smaller  vessels  can  be  made,  but  they  must  be  only  partially  coated 
with  these  heavy  plates.  It  will  thus  be  seen  that  the  days  of  armour- 
plated  ships  do  not  end  with  4l-in.  armour,  but  that  there  will  always  be 
a  race  between  armour  and  artillery  :  defence  has  up  to  the  present  time 
had  rather  the  best  of  it,  but  that  will  not  last  long.  It  is  only  to  be 
hoped  that  it  may  long  remain  a  friendly  race  between  artillerists  and 
constructors  of  armour. 


INSTITUTION    OF    CIVIL    ENGINEERS. 

ON  AMERICAN  IRON  BRIDGES. 
By  Mb.  Zebah  Colbubn,  C.E. 

The  great  number  of  timber  bridges  in  America  might  be  accounted  for  from 
the  fact,  that  the  first  cost  of  the  truss  or  superstructure  of  a  timber  bridge  of 
any  given  span,  was  generally  less  than  one-half  that  of  an  iron  bridge  of  the 
same  strength.  Iron  had  been  occasionally  employed  since  1835,  but  only  within 
the  last  ten  or  twelve  years  to  any  extent. 

Cast-iron  tuhular  arches,  including  one  of  80ft.  span,  were  erected  from  the  de- 
sign of  Major  Delafield,  about  the  time  when  similar  arches  were  adopted  by  the 
late  M.  I'olonceau,  in  the  construction  of  the  Pont  du  Carousel,  over  the  Seine. 
Major  Delafiekl's  arched  ribs  were  elliptical  in  section,  the  transverse  vortical 
axis  being  about  four  times  the  length  of  the  conjugate  axis.  In  1858,  an  aque- 
duct bridge  was  erected  at  Washington,  by  Captain  Meigs,  in  which  the  two 
arched  litis  were  formed  of  water  pijies,  through  which  the  water  (lowed.  The 
span  of  this  bridge  was  200ft.,  the  rise  being  80ft.  The  pipes  were  circular  in 
section,  4ft.  in  diameter  inside,  and  IMn.  thick.  This  bridge  was  28ft.  wide  over 
all,  and  the  roadway  was  of  timber,  supported  on  wrought-iron  spandrils.  The 
bridge  was  tested  with  the  arched  ribs  filled  with  water,  and  with  a  load  of  12olbs. 
per  square  foot  upon  the  roadway,  making  the  total  weight  on  each  rib  about 
350  tons.  The  thrust  of  one-half  of  this  weight  upon  each  abutment  would  he 
about  470  tons,  corresponding  to  a  strain  of  2  tons  per  square  inch  of  sectional 
area  of  iron  in  the  pipes.  This  strain  did  not  include  tin1  pressure  el'  the  water  in 
the  pipes,  which  were  proved  to  3001bs.  per  square  inch.  These  examples  were, 
so  far  as  the  Author  was  aware,  the  only  iron  arches  yet  completed  iu  the  United 
Stales  :  and  with  the  exception  of  a  lew  pivot  bridges,  and  one  or  two  ornamental 
bridges  in  the  Central  Park  at  New  York,  they  comprised  nearly  all  the  cast-iron 
in  that  country. 

There  wore  a  small  number  of  plate,  or  boiler  iron  bridges.  The  fust  was 
erected  in  1847,  in  place  of  a  timber  bridge,  by  Mr.  Millhollaiid,  on  the  Baltimore 

and  Susquehanna  (now  the  Northern   Central)   Railroad.     This   was   60ft.   span. 

and  the  two  girders  were  each  9ft .  d<  Bp.  the  two  sides  of  each  being  formed  01 
plates  Jin.  thick.  Between  the1  sides  at  the  top  a  timber  I2in.  square  was  bolted 
as  a  compression  member,  and  the  lop  was  further  strengthened  by  two  wrought- 
iron  bars,  Gin.  deep  by  jin.  thick,  while  four  similar  bars  wen'  rivetted  along 

the  bottom  of  each  girder.     The  sides  Were   Stiffened   by    stay-holts,   enclosed   in 

cast-iron  distance  pieces,  12  inches 'apart  from  centre  to  centre.    The  centre  of 

irder  was  placed  exactly  under  the  rails,  which  were  spiked  to  the  timber 

forming  the  compression  member.    The  breaking  strain  ol  the  pair  of  girders 

qiial  to  ■.'.".•.I   tons    of  distributed  load,  and  tie-  weight  of  the  bridge  »;h    11 
When  completed,  this  bridge  was  coupled  at  each  end  to  a  railway  waggon, 

and  was  slung  by  chains  to  a  temporary  timber  truss,    It  «u-  then  taken  L8 

miles  by  railway,  run  exactly  over  the  place  it  was  intended  to OCCnpy,  the  exist- 
ing timber  bridge  v,a- cut  a\\  ay.  and  the  :  mh  r  le  M  e  lowered  with  the  perms- 
nenf  waj  readv  for  traffic ;  the  v.i  ion  oof  having  caused,  an  interrup- 

re  than  \w o  hours. 

Saving  been  long  accustomed  to  trussed  umber  bud.,.,  American  engineers, 

in  adopting   iron.  i.  u  or.  ill;,    employed    i'  in    tru--.-    also.      But,  :ibing 

the  various  forms  of  iron  truss  b  b  ol    kmi  i u 

to  red  to.    li  appeared  from  a  vast  nam!  meats  made  bj  the  United 

States  Ordnance  B  lard,  thai  th.  re  was  but  little  Iron  in  any  An 

ile  strength  than  11  toi  pre  inoh ;  ana  in  1861,  the  Author 

led  I  from    1 1  iu.  guns,  wi  i  liing  0  ton 

The  transvet  u  breaking  si  n  ngtli  of  a  I 

netted  iron,  when  reduced  to  the  fin  li  li    tandard  in  deep  and 

Un.  v,  on  support  I  owl     thi 

J  strength  1  be  minimum  cm  i  ol  thi   irons 

experimented  a\  and  the  maximum  7",  iperiments 

made  by  the  Franklin  Institute  twi  irod  the  mean  tensile 

■li  at  the  in  it  mi  Iting  to  i  i  ron  aon  tm- 

Si  vs  iii  Philadelphia  I from  7  I  I  ! 

I,    Libert  1  the  iron  a*  d  in  the  eo  n  the 

W  hen  tl dl    « i 

deep  bj   lin.  wide,  on  support  I    the  minimum  breaking:  weight  was 

t  mean  .fj'is  ewt..  tun \ i in '  i       h  in  •>  i   a lntxtun  ol  two- 

fifths  cold  blast,  two*  fifths  hot  blast  to  wrought 

iron,  Ic  bj  tie-  United  Stab    Board  ol  Ordn  ten- 

■ili  -ti.  iiiftli  i  ..I  \  iug  from  K  ton    to  8  '■  oh  j  and  thi 

.i  nls  i  in  Iii-titute,  .  i  mi',  in  -t  i  ■  Ion-   foi   pis  \:    thi    pie- 

sent  t  i  ol  Am.  rii  m  boib  i  plat*      '  Itbi 
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periments  were  also  quoted  to  the  same  effect ;  and  it  is  remarked  that,  from 
what  had  been  stated,  American  engineers  might  work  up  to  rather  higher 
strains  than  were  commonly  allowed  in  this  country.  The  high  qualities  of  the 
best  American  iron  were  due  to  the  purity  of  the  ore  and  of  the  fuel  employed 
in  the  manufacture.  In  bridges  of  less  than  150ft.  span,  even  when  loaded  with 
a  weight  of  T36  ton  per  lineal  foot  of  single  line,  the  strains  did  not  exceed  3"57 
tons  per  square  inch  on  wrought  iron  in  tension,  and  4"46  tons  per  square  inch 
on  cast-iron  in  compression. 

Of  the  iron  truss  bridges  that  were  described,  all  had  certain  peculiarities  in 
common,  distinguishing  them  from  the  trussed  structures  adopted  in  this  country. 
In  almost  every  case  the  compression  members  of  American  iron  trussed  bridges 
were  of  cast-iron  cylindrical  or  octagonal  pipes.  These  simply  abutted,  end  to 
end,  against  each  other ;  and  although  means  were  employed  to  prevent  lateral 
motion  of  the  ends,  flanges  and  bolts  were  never  introduced  for  that  purpose. 
Another,  and  one  of  the  most  important  peculiarities  was  the  depth  of  truss,  a 
depth  exceeding  that  employed  by  English  engineers,  except  in  rare  instances, 
as  at  Chepstow  and  at  Londonderry.  American  engineers  considered  a  depth  of 
one-eighth  for  spans  of  200ft.  as  only  moderate  ;  for  shorter  spans  depths  of  one- 
seventh  and  one-sixth  were  commom  ;  and  in  the  case  of  one  bridge  of  120ft. 
clear  span,  the  depth  was  23ft.,  or  nearly  one-fifth  of  the  span.  It  should,  how- 
ever, be  observed  that,  in  some  of  the  American  trusses,  the  arrangement  of  the 
tension  members  was  such  that,  if  the  depth  of  the  truss  were  not  considerable, 
the  diagonals  would  be  inclined  at  hardly  more  than  8°  or  10°  from  the  horizon- 
tal ;  in  which  case  a  very  large  quantity  of  material  would  be  employed,  in  pro- 
portion to  the  supporting  power  obtained.  No  American  iron  or  timber  bridges 
were  ballasted  ;  nor  had  they  any  floor,  only  a  foot-path  of  planks.  In  bridges 
having  the  rails  at,  or  above  the  level  of  the  top  chords,  known  in  the  States  as 
"  deck  bridges,"  parapets  were  seldom  employed ;  and  the  trusses  were  often  so 
short  a  distance  apart,  that  a  passenger,  on  looking  out  of  a  carriage  window,  was 
unable  to  discover  any  support  beneath  the  train.  In  no  bridges  of  two  or  more 
spans  were  the  trusses  made  continuous  over  a  pier;  each  span  being  always 
treated  as  a  bridge  by  itself. 

One  of  the  earliest  iron  trasses  adopted  in  the  States  was  a  trellis,  known  as 
Rider's  Bridge.  Cast-iron  T,  or  angle-irons,  were  employed  in  compression,  and 
wrought-iron  bars  in  tension.  These  bridges  were  so  slightly  proportioned  that 
they  occasionally  broke  down,  and  the  Author  was  not  aware  that  the  plan  was 
now  adopted  in  new  structures. 

A  detailed  description  was  then  given  of  a  Murphy-Whipple  bridge,  having  a 
span  of  125ft.,  with  the  railway  supported  on  the  lower  chords.  It  was  for  a 
double-line,  and  there  were  three  trusses,  14ft.  apart,  from  centre  to  centre,  the 
strength  of  the  middle  one  being  about  one-half  greater  than  that  of  either  of 
the  others.  The  trusses  were  23ft.  deep,  or  0'181  of  the  span.  The  top  chord 
was  formed  of  cylindrical  cast-iron  pipes,  and  the  bottom  chord  of  a  chain  of 
square  bars,  10ft.  5in.  in  length  between  the  centres  of  the  eyes.  Upright  cast- 
iron  posts,  placed  at  the  same  distances  apart,  divided  the  truss  into  panels,  and 
as  the  posts  were  in  two  lengths,  they  were  each  trussed  by  four  round  rods,  to 
prevent  lateral  failure.  The  diagonals  were  in  pairs  of  square  rods,  and  were 
formed  also  as  eye-bars,  grasping  pins  2\h\.  diameter  in  the  top  chord,  where 
the  pipes  abutted  upon  each  other,  and  pins  3jin.  diameter  in  the  bottom  chord, 
thus  connecting  the  links,  or  bars,  of  which  it  was  composed.  The  diagonal 
tension  bars  only  crossed  each  other  in  two  panels  on  each  side  of  the  centre  of  the 
truss.  The  top  and  bottom  chords  were  braced  horizontally,  with  transverse 
and  diagonal  bars.  The  railway  bars  were  supported  upon  longitudinal  timbers, 
which  rested  upon  transverse  wrought-iron  rolled  beams.  The  total  weight  of 
the  superstructure  complete  was  102J  tons,  or  8  cwt.  per  foot  of  single  line. 
With  an  additional  distributed  load  of  30001bs.  per  lineal  foot  on  each  line,  the 
tensile  strain  at  the  middle  tension  rods  would  be  4'27  tons  per  square  inch  in 
the  middle  truss,  and  312  tons  per  square  inch  in  the  outer  truss  ;  but,  with  a 
train  on  a  single  line  only,  the  ordinary  working  strains  did  not  exceed  2j  tons 
per  square  inch  in  tension,  nor  three  tons  in  compression. 

In  1861,  an  iron  bridge  was  erected  on  the  line  of  the  Pennsylvania  Central 
Hailroad,  across  the  Schuylkill  at  Philadelphia.  It  had  two  clear  spans  of  192ft. 
each,  and  one  pivot  span,  or  turning  bridge  122ft.  long.  The  construction  was 
similar  to  that  just  described,  but  the  truss  was  only  19ft.  deep.  The  upright 
posts  or  struts,  were  of  wrought-iron,  so  rolled  that  when  two  bars  were  put  to- 
gether they  formed  on  octagonal  tube.  The  top  and  bottom  chords  of  the  turn- 
ing bridge  were  of  wrought-iron  rolled  beams,  so  that  either  might  resist  exten- 
sion or  compression.  The  three  spans  for  a  single  line  contained  an  average  of 
5  cwt.  of  wrought-iron,  and  7^  cwt.  of  cast-iron  per  lineal  foot.  The  nett  cost  of 
the  bridge,  exclusive  of  masonry,  was  £8144  10s.,  or  £14  4s.  per  lineal  foot ;  the 
wrought-iron  costing  £22  15s.  Gd.,  and  the  cast-iron  £6  lis.  3d.  per  ton. 

The  pivot  was  of  a  kind  extensively  employed  for  turn-tables.  It  consisted  of 
a  fixed  and  of  a  movable  cast-iron  disc,  both  grooved  to  receive  a  number  of 
steel  rollers,  each  turned  to  the  frustra  of  a  double  cone.  A  circular  railway  was 
laid  around  the  pivot,  but  the  wheels  only  bore  upon  it,  when  the  bridge  was  not 
truly  balanced  on  the  rollers.  With  a  load  of  14  tons  balanced  upon  one  of  these 
bearings,  the  whole  was  revolved  by  a  weight  of  3£lbs.  hung  over  a  pulley,  and 
connected  by  a  cord  to  the  periphery  of  the  turn-table. 

The  form  of  truss  introduced  by  Mr.  Wendel  Bollman  was  next  noticed.  In 
it  the  load  upon  each  panel  was  transferred  directly  to  the  ends  of  the  truss, 
through  a  pair  of  straight  suspension  bars,  doing  duty  only  in  that  panel.  With 
the  exception  of  one  pair  of  suspension  bars,  supporting  the  centre  of  the  bridge, 
the  bars  in  each  pair  were  of  unequal  length,  and  their  lower  ends  were  attached 
to  the  upper  extremity  of  a  compensating  link,  in  order  to  allow  for  contraction 
and  expansion.  This  bridge  could  not  alter  its  form  under  unequal  loading.  A 
bridge  upon  this  plan  at  Harper's  Perry,  on  the  Baltimore  and  Ohio  Railroad, 
had  tour  parallel  trusses  for  a  double  line,  and  a  clear  span  of  124ft.  The  span 
was  divided  into  eight  panels,  and  the  depth  of  the  truss  was  17ft.  6in.  The  top 
chords  were  each  formed  of  a  single  line  of  octagonal  cast-iron  pipes,  and  the  ver- 
tical posts  were  also  of  cast  iron.    The  strains  upon  the  various  parts  of  the  truss 


caused  by  the  weight  of  the  bridge,  and  of  a  load  of  1J  ton  per  lineal  foot,  were 
2'1  tons  per  square  inch  in  compression  in  the  top  chord,  and  varied  from  4"36 
tons  per  square  inch  in  tension  in  the  longer  suspension  bars  to  7'14  tons  in  the 
shorter  bars.  Mr.  Bollman  had  stated,  that  this  bridge  was  tested  with  a  moving 
weight  of  122  tons  of  locomotives  on  one  span  of  a  single  line,  or  nearly  1  ton 
per  lineal  foot,  and  that  the  deflection  at  a  speed  of  eight  miles  an  hour  was  If 
inch  at  the  centre. 

The  iron  bridge  designed  by  Mr.  Albert  Pink  had  been  more  extensively  adopted 
than  any  other  on  the  railways  of  the  United  States.  In  this  bi-idge  a  pair  of 
diagonal  tension  bars  connected  the  foot  of  the  principal  strut  or  king-post  in 
each  truss,  with  the  ends  of  the  top  chord.  This  pair  of  diagonal  bars  supported 
one-half  of  the  whole  weight  of  the  truss  and  its  load.  Each  half  span  was 
subdivided  by  a  strut,  and  two  diagonal  tension  bars  extended,  one  to  the  nearest 
end  of  the  top  chord,  and  the  other  to  the  top  of  the  centre  post.  Each  quarter 
span  was  again  subdivided  into  eighths,  and  these  again,  for  spans  greater  than 
100ft.,  into  sixteenths.  Under  the  direction  of  Mr.  B.  H.  Latrobe,  then  engineer 
of  the  Baltimore  and  Ohio  Railroad,  in  1852  Mr.  Pink  erected  an  iron  bridge  of 
three  spans,  each  of  205ft.,  where  that  line  crossed  the  Monongahela  river.  The 
depth  of  the  trass  was  about  one-ninth  of  the  span,  and  the  railway  was  carried 
at  a  little  above  the  level  of  the  bottom  of  the  truss.  The  weight  of  the  bridge 
including  the  permanent  way,  was  only  %  a  ton  per  foot  of  single  line,  and  with 
an  additional  load  of  1  ton  per  lineal  foot,  the  tensile  strains  upon  the  wrought- 
iron  did  not  exceed  5'15  tons  per  square  inch,  and  the  compression  on  the  cast- 
iron  4'25  tons.  The  Green  River  and  the  Barren  River  Bridges  were  then  alluded 
to  as  being  identical  in  construction  to  that  last  described. 

The  Bollman  and  Pink  trusses  for  a  single  line,  and  in  spans  of  from  160ft.  to 
200ft.,  cost  £14  per  lineal  foot,  or  nearly  £28  per  ton ;  while  timber  bridges  of 
the  same  span  only  cost  from  £5  to  £7  per  foot.  Still,  iron  bridges  now  met 
with  an  amount  of  favour,  which  appeared  certain  to  insure  their  ultimate  sub- 
stitution for  timber  bridges.  A  gradual  preference  was  being  shown  to  the 
plate  girder,  as  the  great  annual  range  of  temperatura,  from  20°  below  zero  to  a 
reflected  heat  of  130°  in  the  summer  sun,  was  not  favourable  to  the  use  of  cast- 
iron  in  structures  of  such  importance  as  railway  bridges. 


ACCOUNT  OP   THE    COPPERDAM,    THE    SYPHONS,  AND    OTHER 

WORKS,   CONSTRUCTED   IN   CONSEQUENCE   OP  THE  FAILURE 

OP    THE    ST.    GERMAIN'S    SLUICE    OP    THE    MIDDLE    LEVEL 

DRAINAGE. 

Br  Me.  Hawkshaw  (President  Inst.  C.E.) 

The  St.  Germain's  Sluice  was  situated  at  the  confluence  of  the  Middle  Level 
main  outfall  drain  with  the  River  Ouse,  near  the  upper  end  of  the  Eau  Brink 
Cut.  This  drain  was  made  in  1847,  from  the  designs,  and  under  the  direction  of 
Messrs.  Walker,  Burges,  and  Cooper.  It  was  deepened  by  them  in  1857,  and 
then  had,  at  the  lower  end,  a  bottom  width  of  48ft.,  the  side  slopes  being  2  to 
1.  The  level  of  the  bottom  was  7ft.  under  low-water  spring-tides  in  the  river, 
and  the  rise  of  the  tide  at  that  point  was  about  19ft.  at  spriug-tides,  the  cill  of 
the  sluice  being  6ft.  below  low-water  spring-tides.  The  bed  of  the  drain  was 
of  soft  blue  clay,  and  the  sides  consisted  of  variable  thicknesses  of  soft  blue 
clay,  peat,  yellow  clay,  and  surface  soil. 

On  the  4th  May,  1862,  the  St.  Germain's  Sluice  gave  way,  thereby  admitting 
the  tidal  waters,  which  ebbed  and  flowed  throughout  a  distance  of  upwards  of 
20  miles.  A  few  days  afterwards,  the  western  bank  of  the  Middle  Level  drain 
burst,  about  4  miles  from  the  Sluice,  by  which  6000  acres  of  land  were  inun- 
dated. Immediately  after  the  failure  of  the  sluice,  the  Author  received  in- 
structions to  execute  whatever  works  might  be  necessary  to  shut  out  the  tidal 
waters,  regardless  of  expense.  The  services  of  Mr.  J.  T.  Leather  were  secured 
as  Contractor,  who  was  ably  aided  by  his  assistant  Mr.  E.  P.  Smith.  Mr. 
Alexander  G.  Linn  was  appointed  resident  engineer.  Subsequently,  after  the 
cofferdam  was  closed,  finding  it  impossible  to  devote  so  much  time  to  the 
works  as  he  had  previously  done,  at  the  Author's  request,  the  Middle  Level 
Commissioners  associated  with  him  Mr.  T.  E.  Harrison,  who  had  since  con- 
tinued to  act. 

Before  the  author  assumed  the  direction  of  the  works,  and  directly  after  the 
failure  of  the  sluice,  an  earth  and  cradle  dam  was  attempted  to  be  thrown 
across  the  drain,  at  about  500  yards  from  the  fallen  sluice.  This  was  relin- 
quished shortly  after  the  permanent  cofferdam,  of  pile-work,  was  commenced ; 
which  the  Author  considered  was  the  only  plan  likely  to  be  effectual,  and  the 
site  finally  fixed  upon  for  which  was  about  880  yards  from  the  sluice.  The 
cofferdam  might  be  thus  described : — Temporary  piles  were  first  screwed  into 
the  ground,  upon  which  a  staging  was  erected  for  the  pile-driving  engine.  Two 
rows  of  sheet-piling,  25ft.  apart,  were  then  driven  transversely  down  the  slopes 
of  the  drain  on  each  side,  from  the  centres  of  the  banks  to  within  20ft.  of  the 
bottom,  leaving  a  central  space  of  88ft.  t>f  cofferdam  to  be  afterwards  comple- 
ted. In  this  portion  of  the  dam  the  piles  were  placed  in  pairs  on  each  side,  7ft. 
6in.  apart  from  centre  to  centre,  and  with  a  space  of  7in.  between  each  pair. 
The  grooves  thus  left  were  for  the  reception  of  sliding  panels,  to  be  used  to  fill 
up  the  intervals  between  the  several  twin  piles.  Waling  pieces  of  whole  tim- 
bers were  fixed  to  the  inside  and  the  outside,  both  at  the  top  and  as  near  the 
level  of  low  water  as  possible.  As  the  piles  were  driven,  struts  and  ties  were 
inserted,  and  strongly-framed  raking  struts  were  secured  against  the  dam  and 
against  abutments  of  piles,  backed  with  concrete,  on  the  land.  The  panels  were 
composed  of  timbers  7in.  thick,  and  of  variable  lengths,  firmly  bolted  together, 
and  further  connected  and  weighted  on  one  side  by  flat  wrought-iron  plates.  In 
order  to  put  these  panels  in  place,  a  frame  was  erected,  from  which  they  were 
suspended,  and  from  which  they  could  be  lowered,  and  raised,  if  necessary,  by 
pulleys. 

The  rush  of  water  through  the  dam  was  materially  increased,  while  the  piles 
for  the  panels  and  the  walings  were  in  place ;  so  that,  at  times,  the  difference 
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of  level  between  the  water  on  the  two  sides  of  the  dain  was  considerable.  Aprons, 
extending  the  whole  width  of  the  drain,  and  for  some  distance  up  the  slopes, 
were  formed  on  both  sides  of  the  dam,  of  sacks  of  clay,  and  of  gravel,  puddle, 
and  stone.  Only  sufficient  stone  was  deposited  in  the  centre  of  the  dam  to 
stiffen  the  clay ;  but  large  quantities  of  puddle  were  repeated  thrown  in  at 
slack  water,  most  of  which  was  washed  away  by  the  rush  of  water,  which 
acquired  a  velocity  of  8  miles  an  hour. 

The  first,  or  lower  tier  of  panels  was  7ft.  deep,  and  pointed  at  the  lower  end, 
so  as  to  be  driven  into  the  mud.  Inasmuch  as  they  could  not  be  driven  to  the 
Bamc  depth,  the  second  set  was  so  arranged  as  to  raise  the  panelling  to  the  uni- 
form hight  of  low-water  spring-tides.  During  these  operations,  sacks  of  clay 
and  gravel  were  deposited  on  the  inside  and  the  outside  of  the  dam ;  but, 
although  the  aprons  were  extended,  only  a  few  sacks  of  gravel  remained  in  the 
inside.  It  now  became  clear,  that  the  water  could  only  be  excluded,  by  shutting 
the  dam  at  one  operation.  To  accomplish  this,  the  necessary  panelling,  which 
had  to  be  12ft.  deep,  was  suspended  from  the  scaffolding,  so  as  to  be  dropped  into 
place  at  slack-water  neap-tides,  when  the  differential  head  for  the  dam  to  sus- 
tain was  the  least.  On  the  first  attempt  to  close  the  dam,  three  of  the  twin 
piles  on  the  lower  side  gave  way,  releasing  some  of  the  bottom  panels,  after  the 
tide  had  receeded  3in.,  and  when  there  was  a  head  of  8ft.  The  other  panels 
were  readily  lifted  and  removed ;  and  sheet-piling  was  then  driven  up  to  the 
level  of  the  lower  waling  pieces,  thereby  tilling  in  the  spaces  between  the 
broken  piles.  The  second  attempt,  which  proved  completely  successful,  was 
postponed  until  the  succeeding  neap-tides,  when  the  panels  were  dropped  into 
their  places  in  twenty  minutes,  at  low-water  of  ebb  tide,  that  time  being  more 
convenient,  the  difference  of  the  head  at  high  and  low  water  not  being  con- 
sidered of  sufficient  importance  to  counterbalance  other  advantages.  After  the 
panels  were  lowered,  the  inside  of  the  dam  was  immediately  filled  with  clay  : 
sacks  of  gravel  and  clunch  being  deposited  in  the  centre.  So  complete  were 
the  arrangements,  that  the  raising  of  the  dam  was  kept  in  advance  of  the  rise 
of  the  tide,  and  before  high  water,  the  operation  was  completed,  the  dam  not 
exhibiting  the  slightest  indication  of  failure,  or  of  weakness.  The  cofferdam 
was  commenced  on  the  16th  of  May,  and  the  tidal  waters  were  shut  out  on  the 
19th  of  June,  1802. 

During  this  time,  the  means  to  be  adopted  for  the  future  drainage  of  the 
Middle  Level  received  serious  attention.  After  careful  consideration,  the  author 
determined  that,  in  addition  to  such  drainage  as  could  be  obtained  through 
Salter's  Lode  Sluice,  the  old  outlet  into  the  Ouse,  syphon  pipes  should  be  laid 
over  the  cofferdam.  This  plan  of  discharging  water  was  not  to  him  novel, 
having  pursued  it  in  1839,  when  engaged  on  the  Manchester,  Bury,  and  Bolton 
Canal.  The  syphons  were  sixteen  in  number,  and  were  laid  transversely  across 
the  dam,  at  an  inclination  of  2  to  1  at  the  sides,  and  horizontally  over  the  top. 
Each  end  was  terminated  by  a  horizontal  length,  containing  the  upper  ami 
lower  valves,  laid  18in.  under  low-water  of  spring  tides,  the  top  of  the  syphons 
being  20ft.  above  the  same  level.  The  total  length  of  each  syphon  was  150ft. 
The  syphons  were  of  cast-iron,  3ft.  6in.  internal  diameter,  and  the  thickness  of 
the  metal  was  (excepting  at  the  iocket  ends,  where  it  was  thicker,)  l{in.  They 
rested  on  the  top  of  the  dam,  and  on  inclined  framework,  supported  on  piles, 
at  the  sides.  Underneath  the  extreme  ends  of  the  syphons,  sheet-piling  \ra< 
driven  across  the  drain.  Above  the  sheet-piling,  the  spaces  between  the  inclined 
framework,  to  the  underside  of  the  syphons,  were  filled  in  with  clunch,  clay, 
and  gravel,  so  as  to  form  a  solid  and  impervious  embankment.  The  bottom  of 
the  dam,  at  the  inlet  and  outlet  of  the  syphons,  was  protected  by  substantial 
wooden  aprons,  extending  across  the  drain  ;  and  a  row  of  piles  was  driven  on 
each  side,  inclining  towards  each  other,  and  c  the  channel  to  a  width 

of  60ft.,  so  as  to  l.i<|j  tin-  ■•  wash  "  off  the  slopes  of  the  drain.  The  upper  or 
inlet,  valve  consisted  simply  of  a  loose  hanging  Hap  of  teak  wood,  working 
inwards  as  soon  ;i>  tip  outward  was  the  preponderating  pressure.  The  lower, or 
outlet,  valve  was  of  cast-iron,  turning  on  a  hinge  at  the  top,  and  fitted  with  a 
balance  weight,  which  was  capable  of  resisting  an  interior  pressure,  but  could 
be  readily  released  when  the  valve  was  converted  into  a  flap  opening  outwards. 
The  reason  lor  adopting  two  valves  was  for  the  purpose  of  enabling  the  syphons 
to  he  put  into  operation,  either  hy  exhausting  the  air,  or  by  filling  them  with 
water;  but  at  present  only  the  former  method  had  been  tried. 

The  syphons  were  put  into  action  by  exhausting  the  air  from  t lit-  inside,  by 
an  air-pump  having  three  cylinders,  each  loin,  diameter  with  a  length  of  stroke 
<jf  isin.,  worked  !,y  n  in  ill'.,  high  pressure,  steam  engine.  Bach  syphon  could 
be  shut  oil',  or  bo  brought  into  operation  at  pleasure,  hy  means  of  slideoooks, 
fixed  on  vertical  pipe*,  communicating  with  a  transverse  horizontal  pipe,  in  con- 
nection with  the  air-pump.  An  overflow  pipe  showed  when  the  syphons  were 
lull  of  water  j  and  glass  gauges  were  also  actaohed  to  some  ol  the  lypho 
the  same  purpose.  The  pipes  were  cast  by  Messrs.  Cochrane  and  Co.,  and  the 
o  engine  and  air-pump  were  manufactured  by  M<  Aumm,  and 

After  the  breach  occurred,  it  became  eridenl  that  all  attempts  to  itop  ii 
should  he  abandoned.  The  area  flooded  was  surrounded  bj  banks,  which  con- 
fined the  mischief  within  certain  limits.  As  soon  as  the  cofferdam  was  com- 
pleted, and  the  tidal  waters  were  excluded,  tie-  breach  was  i !--  1 1  by  t'i r - 1  tipping 
stone  to  form  a  footing  for  an  embankment  of  gum  to  the  level  ol  the  bottom  ol 
the  drain,  above  which  a  small  quantity  of  clunch  wis  min  i  with  the  day, 
to  stiffen  and  weight  it.    The  total  quantity    of  material   d  ■  ■    th* 

bank  was  about  2500  cubic  yards.    The  bottom  ol  the  drain,  when  the 
had  taken  place,  was  also  repaired,  and  the  banks  generallj    were  pul   in  good 

order.      Alter  till  'I,  the  water  on  the    inundated    laud    i\ 

Off,   through  the  Marshland  Bmeeth  and  Ken  drain  and  ti.  '!        bland 

sewer. 

In  conclusion,  the  author  remarked,  that  he  believed  th  rphont  would  be 
found  to  answer  all  the  purposes  of  a  permanent  si  more- 
over, the  advantage  nl  not  rendering  the  safety  of  ■  di  I  ten!  upon 
single  pairs  of  gates ;  for  it  was  clear,  that  any  00  -phone 


might  be  damaged  or  destroyed,  without  affecting  the  operation  of  the  others, 
or  endangering  the  district. 

In  an  Appendix,  tables  were  given,  showing  the  quantities  of  the  several 
materials  used  in  the  construction  of  the  dam- and  the  syphons,  as  well  as  the 
results  of  the  working  of  the  syphons. 


ON  THE  COMMUNICATION  BETWEEN  LONDON  AND  DUBLIN. 
By  Mb.  Watboh,   M.A.,  Assoc.  Inst.  C.E. 

Holyhead,  the  nearest  point  of  land  in  Great  Britain  to  the  metropolis  of 
Ireland,  was  naturally  thought  of  at  an  early  date  as  a  convenient  port  of  de- 
parture and  arrival  for  the  mails.  This  route  had  accordingly  been  used  for  a 
century  and  a  half,  and  was  recoguised  in  an  Act  of  Parliament  passed  in  1729  ; 
but  the  communication  between  London  and  Dublin  was  then  irregular,  and  the 
time  occupied  on  the  journey  protracted.  Travelling  through  North  Wales  was 
attended  with  difficulty  and  fatigue,  and  the  passage  of  the  Channel  was  contin- 
gent on  the  state  of  the  weather.  Though  measures  of  improvement  were  pro- 
posed before  the  close  of  the  last  century,  no  effectual  steps  were  adopted,  until 
after  the  legislative  union  had  taken  place  between  Great  Britain  and  Ireland,  in 
the  year  1801.  The  public  commissions  were  constantly  engaged  in  inquiries, 
and  committees  of  the  House  of  Commons  presented  no  less  than  twenty-five 
reports  on  the  subject  within  ten  years.  These  investigations  had  reference, 
principally  to  the  land  part  of  the  journey;  and  by  means  of  large  grants  of 
public  money,  amounting,  it  is  believed,  to  nearly  one  million  sterling,  in  1826 
a  continuous  and  easy  road  was  completed  between  London  and  Holyhead,  so 
that  the  entire  distance  of  267  miles  could  be  performed,  with  regularity, 
safety,  and  comparative  comfort,  in  thirty-four  hours.  Improvements  for 
the  sea-part  of  the  journey  also  engaged  some  degree  of  attention;  but  while 
sailing  vessels  were  in  use,  it  was  not  thought  that  much  could  be  gained  in  the 
passage  of  the  Channel.  In  1819,  a  steam-vessel  was  placed  on  the  Holyhead 
station  for  the  summer  and  autumn,  and  soon  afterwards  the  Royal  Sovereign 
and  the  Meteor  were  especially  built  for  the  Post  Office  service,  with  engines  by 
Messrs.  Boulton  and  Watt,  and  then  the  sailing  cutters  disappeared.  Tho 
average  length  of  the  passages  of  these  two  steam  vessels,  in  the  first  year, 
between  Holyhead  and  Huwth,  was  seven  hours  and  thirty-three  minutes ;  tho 
shortest  passage  was  made  in  five  hours  and  forty-eight  minutes,  and  the  longest 
was  stated  to  have  occupied  upwards  of  twenty-three  hours. 

The  mail  communication  between  London  and  Dublin  had  beeu  thus  long 
maintained  exclusively  by  way  of  Holyhead  ;  hut  the  rapidly-growing  importance 
of  Liverpool  led  to  the  establishment,  in  1826,  of  a  direct  postal  service  between 
that  port  and  Ireland.  Steam  vessels  had  beeu  placed  on  that  station,  by  private 
enterprise,  as  early  as  1819,  for  the  conveyance  of  passengers  during  the  summer 
months;  and  in  1823,  Mr.  C. "Wye  William;,  (Assoc.  Inst.  C.E.)  originated  a 
company  for  the  maintenance  of  a  regular  steam  communication  throughout  tho 
entire  year,  for  the  conveyance  of  passengers  and  of  merchandise.  As  the  rail- 
way from  London  to  Liverpool  was  opened  in  1838,  that  line  became  for  some 
years  the  most  expeditious  route  to  Dublin,  and  the  mails  and  passengers  nearly 
deserted  Holyhead.  Liverpool  did  not  long,  however,  retain  this  superiority; 
for,  in  1819,  a  continuous  line  of  railway  was  completed  between  London  and 
Holyhead,  by  private  capital,  twenty-three  years  alter  the  continuous  line  of  road 
had  been  constructed,  by  direction  of  the  state,  and  principally  by  grants  of  public 

money.    The  conveyance  of  Um  Irish  mails  was  then  transferred  from  Liven 1 

to  Holyhead,  and  the  large  anW  powerful  packets  of  the  Government  and  ol  tin- 
Company,  which  had  carried  the  night  mail  under  contract  lor  the  previous  ten 
years  on  the  Liverpool  line,  were  appropriated  to  other  duties. 

During  the  time  these  changes  were  in  progress,  the  packet  service  was  trans- 
ferred from  Iluwth  to  the  Asylum  Harbour  at  Kingstown,  wbioh  was  ultimately 
connected  with  Dublin  by  a  railway  six  miles  in  length.  The  Only  link  then 
remaining  to  complete  the  communication  with  Ireland  was  s  superior  class  of 
vessels.  The  Government  having  decided  on  building  roar  veesels  each  of  700 
tons  burthen,  with  engines  of  320  horse-power,  the  beet  retail  was  admitted  to 
have  been  attained ;  as  the  rate  of  speed  of  the  Bmuhteit  the  measurt  l  mile 
was  up  wards  of  18  statute  miles  an  hoar,  or  nearly  four  mflesin  exaeesof  any 
previously  obtained.    After  a  short  trial  of  this  service  at  heavj  cost,  the  Lords 

of   the   Admiralty  determined  that   it    should    be  performed  bj    contract,  01   liad 

luslj   Keen  the  BOM  "ti  the  Liverpool  Inn.  and  that  th.  sd  should 

he  12  knot,,  or  in  ally  1  I  statute  miles  per  hours.      This  „.n  ,,  ,    .  \[.lv  ( 

I860,  until  0  60,  and  was  performed  within  the  stipulated  time. 

Farther  improvements  being  --t ill  demand,  d.  s  plan  was  submitted  to  Govern- 
ment, and  a  new  postal  contract  was  entered  into,  the  main  provisions   Of   which 

were,  firet,  that  the  entire  distance  between  L Ion  and  Kingstown,  instead  "i 

to  Dublin,  ws   to  hi  perfo id  in  eleven  hours,  allowing  four  hours  for  the  mm 

passage  j  secondly,  lli.il  lour  steam  packets  should  he  specially  luiilt  for  tin- 
service  ;  thirdly,!  trains  should  be  appropriated  ezalusiveh  to  the 
Irish  traffic;  and  fourthly,  a  morning  and  evening  departure  bom  each  capital. 
The  ves  1 1- reieii.                i  ich  'j'»«i  tons  burthen,  and  in  their  dimensions 

urhj  identical.     Three,  the  Connaught,  the 

'iviisi.  r  wers  boil  L  and  the  one,  tho  /.<  mtter, 

l.y  Mr.  Sauiuda.    The  ships  wen  ol   ir timber  having  I  alj  (or  the 

decks  and  cabin  fittings.    Thi  I   the  Onuutmohi  between  the  perpen- 

diculars was  834ft..  the  beam  end  the  depth  '.'lit.    Then  wen-  nm. 

principal  water-tight  bulkheads,  which  not  oulj  provided  fbi  th*  safety  ol  the 
ship  in  case  of  accident,  bul  i       bulwarks  wen 

oi  iron  plates,  in  continuation  ..i  the  tide*  •>!  the  nestle,  without  any  break  for 

sen  the  paddh  I  izes  there  was  an  upper  deck,  whioh  further 
added  ■  [th  amidships  j  and  on  this  «.o  placed  the  whew  and  bins 

The  entire  of  tho  main  funnel  forward,  was  i  iven  I 

lock,  which  bad  been  found  ol  great  advantage  in  thro 

rh*  engine  mull  ilu-  m-,c1<hi i  th  pnnciple. 

Those  for  the  Otmnavfkt  and  the  Lctntirr  were  mode  by  Meters.  Luvennill, 
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Salkeld  and  Co.  The  cylinders  were  98in.  in  diameter,  and  6ft.  6in.  stroke,  the 
air  pumps  being  54in.  in  diameter,  with  a  length  of  stroke  of  2ft.  6in. ;  the  boilers 
were  multitubular,  eight  in  number,  four  at  the  end  of  the  engine-room  space, 
arranged  in  pairs,  with  one  funnel  to  each  pair ;  there  were  five  fire  grates  in 
each  boiler,  and  the  total  grate  surface  was  677ft.  square,  the  heating  surface 
exceeding  19,000ft. ;  the  wheels  were  31ft.  in  diameter  to  the  outside  of  the 
floats,  which' were  feathering,  fourteen  in  number,  and  each  was  12ft.  long  by  4ft. 
4in.  broad.  On  the  trial  trips,  the  engines  worked  at  the  rate  of  25J-  revolutions 
per  minute,  with  251bs.  of  steam.  The  mean  of  the  runs  of  the  Leinster  at  the 
measured  mile  was  20J-,  and  of  the  ConnaugM  20f  statute  miles  per  hour.  The 
engines  of  the  Ulster  and  the  Munster  were  constructed  by  Messrs.  James  Watt 
and  Co. ;  the  cylinders  were  96in.  in  diameter,  with  a  length  of  stroke  of  7ft.; 
the  wheels  were 33ft.  in  diameter;  the  boilers  had  each  six  fireplaces,  giving  an 
equal  extent  of  grate  surface  with  the  other ;  the  heating  surface  measured 
18,033  square  feet ;  these  engines  were  erected  on  board  the  vessels  in  the  Liver- 
pool Docks,  and  from  a  return  of  observations  made  on  several  trips,  there 
being  no  measured  mile  at  that  port  for  testing  speed,  the  rate  attained 
appeared  to  have  been  20f  statute  miles  per  hour.  One  of  the  principal  peculi: 
arities,  which  made  these  vessels  of  so  unique  a  class,  was  the  post-office  fitted 
for  sorting  letters  on  the  passage,  so  that  the  letters  were  ready  for  delivery,  or 
to  be  forwarded  to  their  destination,  on  the  arrival  of  the  vessels,  either  at 
Kingstown  or  at  Holyhead.  About  two  hours  were  thus  saved  in  the  transmis- 
sion of  the  mail. 

The  contract  with  the  Postmaster-General  had  appointed  January,  1861,  for 
the  commencement  of  the  improved  service.  But  as  the  vessels  were  in  readiness 
some  months  sooner,  it  was  commenced  in  October,  1860,  and  had  since  been 
continued  without  interruption.  From  what  had  been  already  stated,  it  would 
have  been  seen,  that  the  difference  of  speed  between  the  four  vessels  on  the  trial 
trips  was  inappreciable — a  matter  of  paramount  importance  to  a  mail  service. 
Thus,  while  the  shortest  passage  of  the  ConnaugM  across  the  Channel  occupied 
three  hours  and  fourteen  minutes,  being  at  the  rate  of  about  twenty  miles  an 
hour ;  the  shortest  passage  of  the  Leinster,  the  Ulster,  and  the  Munster  were 
three  hours  and  twenty  minutes,  three  hours  and  eighteen  minutes,  and  three 
hours  and  twenty-two  minutes  respectively  ;  their  average  performance  for  the 
two  years  and  five  months  during  which  they  had  been  on  service,  inclusive  of 
the  trips  made  in  fogs,  gales,  &c,  was  still  closer,  as  follows : — 

Hrs.  Min. 
The  ConnaugM  made  1064  passages  in  3    51£  on  the  average 
„    Leinster        „  919  „  3     52J  „ 

„    Ulster  „  925  „  3     55  „ 

„    Munster       „  920  „  3    58  l-10ths 

The  consumption  of  coal  in  the  first  few  months  was  considerably  in  excess  of 
the  quantity  originally  estimated.  Steam  of  from  25lbs.  to  281bs.  pressure  was 
then  used;  but  satisfactory  arragements  had  since  been  made  to  reduce  the  con- 
sumption, while  the  additional  time  occupied  on  the  passage  was  but  a  few 
minutes,  and  was  still  within  the  time  allotted  to  the  sea  service ;  the  engines  in 
the  Ulster  and  the  Munster  had  been  provided  with  superheaters,  but  experi- 
ence had  not  shown  any  advantage,  either  as  reducing  the  consumption  of  coal, 
or  as  tending  to  a  superior  performance.  These  vessels  had  made  in  the  aggregate 
1845  passages,  in  the  average  time  of  3  hours  56J-  minutes,  and  had  oonsumed 
30  tons  7  cwt.  of  coal  as  the  average  of  each,  inclusive  of  the  quantity  required  for 
raising  steam,  which  was  considerable.  The  Leinster  and  the  ConnaugM,  with- 
out superheaters,  had  made  1838  passages  in  t«  average  time  of  3  hours  54 
minutes,  and  had  consumed,  inclusive  of  raising  swam,  on  the  average,  30  tons 
1  cwt.  of  coal. 

It  was  satisfactory  to  be  able  to  state  that  the  ships  had,  so  far,  needed  no 
repairs,  being  now  in  as  perfect  a  condition  as  when  the  service  was  commenced, 
in  1860.  The  frequency  of  docking,  for  the  purpose  of  cleaning  and  coating,  had 
afforded  constant  opportunities  of  examination,  when  painting  only  had  been 
required. 

In  conclusion,  the  author  referred  to  the  admirable  performance  of  the  land 
portion  of  the  journey,  from  London  to  Holyhead,  by  the  London  and  North- 
Western  Railway  Company ;  the  punctuality  in  the  arrival  of  the  trains  on  the 
jetty  at  the  latter  place,  the  speed  maintained,  and  the  excellence  of  the  car- 
riages, were  the  subject  of  universal  approval.  Further  improvements,  at 
present  not  thought  of,  might  yet  be  brought  into  operation  ;  but  there  appeared 
to  be  no  reason  for  apprehending  that  the  communication  by  way  of  Holvhead 
would  ever  cease  to  be  the  best  for  postal  purposes,  and  to  be  preferred  by  t  he 
travelling  public,  so  long  as  the  entire  distance  between  London  and  Dublin 
could  be  accomplished  within  eleven  hours  and  a  half. 


MANCHESTER  LITERARY  AND  PHILOSOPHICAL  SOCIETY. 


NOTE  AS  TO  TWO  EVENTS  IN  THE  HISTORY  OF  STEAM 

NAVIGATION. 

•     Bx  W-  J-  Macqtjoen  Rankine,  C.E.,  LL.D.  F.R.S. 

_   (1.)  An  interesting  paper  was  lately  read  to  this  Society  by  Mr.  Dyer,  contain- 

mfc>\  t    -°ly  °f  a  selies  of  imPovtant  events  in  the  progress  of  steam  navigation. 

(2.)  It  is  to  be  regretted,  however,  that  the  author  has  noted  either  very 
slightly  or  not  all,  what  appears  to  have  been  an  event  of  paramount  importance 
in  the  nrst  adaptation  of  the  double-acting  cranked  steam  engine  to  drive  a 
paddle-wheel  Before  that  adaptation  was  made,  the  success  of  all  attempts 
at  steam  navigation,  such  as  those  of  Jouffray,  Rumsey,  Fitch,  Miller,  and 
iaylor,  &c,  had  been  only  temporary,  because  of  the  rudeness  of  the  machinery 
tor  communicating  motion  from  the  piston  to  the  shaft. 

(6)  1  hat  _  first  adaptation  was  unquestionably  accomplished  by  William 
Symington  in  1801,  as  is  proved  by  authentic  documents  which  have  been  pub- 
lished by  Mr.  W  oodcroft  in  his  Origin   and   Progress  of  Steam  Navigation. 


Symington,  instructed  by  the  failure  of  the  ratchet-work  engine  which  he  had 
made  for  Miller's  boat,  fitted  up  the  Charlotte  Dundas  in  1801.  with  a  double- 
acting  horizontal  cranked  engine,  and  this  made  her  what  Mr.  Woodcroft  justl}r 
called  "  the  first  practical  steamboat."  Her  speed,  when  running  alone,  and  not 
towing  other  boats,  was  six  miles  an  hour. 

(4.)  The  use  of  this  vessel  was  abandoned,  not  from  any  fault  in  her  construe 
tion  or  working,  but  because  the  Directors  of  the  Forth  and  Clyde  Canal  feared 
that  she  would  damage  its  banks.  Yet  the  man  in  all  Britain  who  possessed,  at 
that  time,  the  greatest  practical  experience  of  the  working  of  canals — the  Duke- 
of  Bridgewater — was  not  deterred  by  any  such  apprehensions  from  ordering,  in 
1802,  eight  similar  vessels,  from  Symington,  to  be  used  on  his  canal. 

(5.)  The  death  of  the  Duke  of  Bridgewater,  early  in  the  following  year,  pre- 
vented the  execution  of  that  order.  But  Symington  had  evidently  done  all  that 
lay  in  his  power,  and  all  that  was  necessary,  to  convert  the  steamboat  from  an 
awkward  piece  of  'experimental  apparatus  to  a  practically  useful  machine  ;  and 
the  honour  paid  to  his  memory  ought  not  be  lessened  because  the  career  of  his 
invention  was  cut  short  by  a  misfortune. 

(6.)  There  is  nothing  in  this  to  detract  from  the  honour  which  is  justly  paid 
to  Fulton,  as  having  been  the  first  to  practice  steam  navigation  on  a  great 
scale,  as  a  commercially  profitable  art. 

(7.)  Another  event  passed  over  in  the  paper  to  which  I  have  referred,  is  the 
first  introduction  of  commercial  steam  navigation  into  Europe,  which  was 
effected  on  the  river  Clyde,  in  1812,  by  Henry  Bell,  as  is  proved  by  documents 
cited  in  Mr.  Woodcroft's  work,  already  referred  to. 


ON  THE  INTRODUCTION  OF  STEAM  NAVIGATION. 
By  Mr.  Dyek. 

In  Dr.  Rankine's  paper,  entitled  "Note  on  two  Events  in  the  History  of  Steam- 
Navigation,"  he  calls  attention  to  my  paper,  "  On  the  Introduction  of  Steam 
Navigation,"  and  expresses  regret  that  "  the  author  has  noted  either  very  slightly 
or  not  at  all,  an  event  of  paramount  importance : — the  first  adaptation  of  the 
double-acting  cranked  steam  engine,  to  drive  a  paddle-wheel."  Now,  I  own  to 
have  taken  no  notice  at  all  of  this  double-cranked  motion,  simply  because  I  did 
not  consider  it  of  much  importance  in  attaining  success  in  steam  navigation.  I 
had  before  me  Mr.  Woodcroft's  interesting  treatise,  and  I  fully  appreciated  his 
advocacy  of  the  claims  of  Mr.  Symington  for  having  fitted  up  the  Charlotte 
Dundas,  as  the  first  practical  steam  boat,  in  1801.  This  fact  is  fairly  stated  in 
my  paper. 

I  aimed  to  place  before  the  Society  the  several  inventions  and  discoveries  re- 
lating to  the  use  of  steam  power  to  supersede  that  of  wind  to  navigate  vessels, 
and  to  prove  that  the  final  success  was  due  to  the  invention  of  Watt's  steam 
engine.  No  great  stress  need  be  laid  on  the  double-cranked  action,  or  on  any  of 
the  other  methods  used  for  transmitting  the  power  to  the  paddle  wheels.  The 
principles  involved  in  overcoming  the  resisting  forces  by  steam  power  in  naviga- 
tion, are  entirely  apart  from  those  relating  to  the  mechanical  means  of  convert- 
ing rectilinear  into  circular  motion.  It  seems  strange  that  such  able  engineers 
as  Dr.  Rankine  and  Mr.  Woodcroft  should  have  given  this  prominence  to  the  said 
double-crank  action.  Whatever  may  have  been  the  degree  of  success  in  the  case 
of  the  Charlotte  Dundas,  in  1801,  and  whatever  may  be  said  about  the  bar  to 
further  progress  of  Symington's  inventions  by  the  Duke's  death,  the  fact  remains 
clear  that  his  schemes  died  out  with  the  Duke,  as  no  more  was  heard  of  thorn 
after  the  Charlotte  Dundas,  and  from  some  cause,  she  was  discontinued ;  and  it 
was  in  fact  fifteen  years  after  her  advent  before  the  Margery  came  out  from  the 
same  waters  to  enter  the  Thames  in  1816;  What  shall  be  said  of  the  enlightened 
of  Glasgow,  if  Symington's  practical  steamboat  was  suffered  to  rot  and  be  for- 
gotten, leaving  no  successor,  and  the  inventor  himself  to  remain  unrewarded  and 
unnoticed  for  fifteen  years. 

Through  the  limited  space  allowed  for  the  abstract  of  my  paper,  Dr.  Rankine 
was  misled  respecting  the  other  event,  also  cited  by  him  from  Mr.  Woodcroft's 
book,  namely : — that  I  had  passed  over  the  first  introduction  of  steam  navigation 
into  Europe,  by  Henry  Bell,  in  1812 ;  for  in  my  paper  due  notice  is  taken  of  this 
well  known  experiment  of  Mr.  Bell.  Although  his  trial  boat  proved  a  failure,  on 
account  of  its  being  a  very  small  one,  and  of  his  want  of  pecuniary  means  for 
continuing  or  extending  the  experiment,  and  the  lack  (jf  any  aid  or  encourage- 
ment afforded  him  by  others,  yet  his  trial  boat  served  as  the  model  for  construct- 
ing the  Margery,  three  years  after,  which,  as  I  have  before  said,  was  a  success, 
and  the  first  steamboat  on  English  waters.  I  therefore  think  that  due  honour 
should  be  paid  to  the  name  of  Henry  Bell,  for  his  spirit  and  enterprise,  and  a 
due  stigma  cast  upon  the  capitalists  who  allowed  him  to  sink  under  pecuniary 
pressure,  from  which  he  ought  to  have  been  relieved  by  them  in  so  important  au 
enterprise. 


THE   LONDON  ASSOCIATION   OF   FOREMEN  ENGINEERS. 


NEW  MARINE  PROPELLER. 

At  a  well-attended  meeting  of  this  Society,  held  on  the  2nd  ult.,  Mr.  Joseph 
Newton,  of  H.M.  Mint,  President,  read  a  paper  on  a  "New  Mode  of  Marine 
Propulsion,"  suggested  by  Mr.  Vaile.  The  extreme  length  to  which  the  paper 
extended  renders  it  impossible  for  us  to  do  more  than  summarise  the  chief  fea- 
tures of  Mr.  Vaile's  proposed  plan. 

Mr.  Vaile  proposes  to  apply  to  ships  or  boats  one  or  more  submerged  endless 
chain  propellers,  with  feathering  floats.  The  latter  would  be  adapted  in  form, 
number,  and  dimensions  to  each  particular  vessel  to  which  they  might  be 
applied.    Such  is  briefly  the  character  of  the  invention. 
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$!  Mr.  Newton  stated,  it  might  be  objected  at  the  very  outset  that  there  was 
nothing  of  novelty  about  Mr.  Vaile's  scheme.  A  closer  examination  and  inquiry 
would  demonstrate  the  reverse  to  be  the  fact.  Mr.  Vaile's  propeller  possessed 
features  which  distinguished  it  sufficiently  from  all  previous  plans  of  an  analo- 
gous kind.  Those  features  mainly  consisted  in  the  shape  of  the  floats,  their 
mode  of  attachment  to  the  travelling  chains,  their  perfect  and  simply  effected 
feathering  properties,  and  the  total  submergence  of  the  entire  apparatus  when 
in  action. 

Mr.  Newton  stated,  that  by  enlarging  the  chaiu  wheels  of  the  Vaile  pro- 
peller, increased  breadth  might  be  given  to  the  floats.  Their  breadth  might, 
indeed,  be  always  made  to  equal  the  diameter  of  those  wheels  minus  the 
diameter  of  their  shafts,  and  a  few  inches  of  clearance  between  the  shafts 
and  the  upper  edges  of  the  acting  floats.  Thus,  for  instance,  if  wheels 
of  10ft.  diameter  were  used  with  shafts  of  12in.,  and  6iu.  of  clearance  were 
allowed,  the  floats  would  be  8ft.  6in.  broad,  and  as  long  as  the  beam  of  the 
vessel  would  permit. 

As  in  a  ship  expressly  constructed  for  the  reception  of  this  kiud  of  propelling 
apparatus,  one  propeller  would  be  placed  on  either  side  the  keel,  and  nearly  as 
low  down,  it  was  contended  that  the  floats  travelling  with  equal  velocity,  and 
having  a  direct  thrust  aft,  must  be  far  more  effective  than  either  screw  or 
paddle-wheel. 

It  had  been  found  in  practice  impossible  to  drive  a  ship  at  high  rates  of 
^pced  without  incurring  the  penalties  of  excessive  expenditure  of  power  and 
fuel.  This  fatal  evil  was  due  principally  to  the  inadequate  area  of  propelling 
surface  in  proportion  to  the  bulk  and  weight  to  he  moved.  Willi  the  screw,  the 
amount  of  acting  surface  was  limited  by  the  keel  and  water-line.  With  the 
paddle-wheel  it  was  governed  by  the  size  of  that  wheel,  which  again  was  re- 
stricted to  a  reasonable  diameter.  No  such  limitations  existed  with  the  Vaile 
propellers.  These  admitted  of  the  employment  of  a  number  of  floats  of  equal 
area,  and  ensured  them  always  acting  simultaneously  upon  the  water.  The 
floats,  too,  might  be  of  much  greater  depth  ami  length  than  those  of  tin-  ordi- 
nary paddle-wheel.  A  perfect  correspondence  will,  indeed,  lie  established  be- 
tween the  power  given  out  by  the  engines  and  the  media  for  receiving  and  di»- 
persing  that  power — the  float-. 

This  could  never,  or  at  least  had  never  been  the  case  with  either  screw  or 
paddle-wheel.  The  evils  of  ':  -lip,"  so  considerable  in  the  action  of  both  its 
competitors,  would  be  economised  by  the  Vaile  propeller.  It  was  well  under- 
stood that  although  by  the  agency  of  the  screw,  and  by  that  of  the  paddle-wheel,  a 
speed  of  from  ten  to  fifteen  knots  had  been  obtained,  yet  that  if  a  higher  rate  of 
speed  was  attempted,  the  result  was  most  unsatisfactory.  The  slip,  at  all  times 
great,  now  became  enormous.  It  increased  in  a  much  greater  ratio  than  the 
speed  of  the  vessel. 

The  lowness  of  the  position  of  the  Vaile  propellers  gave  them,  in  the 
matter  of  slip,  a  strong  claim  to  superiority.  The  floats  obtained  thereby  a 
hold  ou  the  densest  water,  through  which  the  vessel  moved,  and  would  thus 
at  all  times  act  with  their  full  propelling  force.  Increased  speed  must  follow 
the  application  of  increased  steam  power,  and  slip  could  not  increase  in  a 
greater  ratio  than  the  ship's  velocity.  Constant  submergence,  constant  action, 
and  perfect  feathering  were  the  ruling  characteristics — the  alleged  advantages  of 
the  chain  propeller  of  Mr.  Vaile. 

Both  screw  and  paddle  wheel,  when  in  a  heavy  sea  were  from  alternate  direction 
and  deep  submersion,  frequently  ineffective,  and  to  use  a  nautical  but  expressive 
phrase  they  both  at  such  times  "ground  up  "  the  power  of  the  engine  without 
producing  the  "  push-a-head"  effect  required.  Mr.  Newton  remarked  that  there 
was  no  grinding  up  of  power  with  tin  Vaile  propellers,thcy  were  calculated  to  absorb 
the  full  power  of  the  engines  and  to  give  it  out  with  perfect  effect.  Mr.  Newton 
then  proceeded  to  say  the  power  of  steering  and  manoeuvring  a  vessel  indepen- 
dently of  the  rudder's  action,  was  gained  to  a  considerable  extent  by  these  pro- 
pellers. By  driving  one  ahead  and  the  other  astern,  the  ship  might  be  turned 
in  her  own  length  as  on  a  centre. 


PROPOSED    CONNECTION    OK    THE    INDIAN     AND    RUSSIAN 
RAILWAY  SYSTEM. 
This  is  a  project  broached  by  Russia  and  seriously  entertained  by  English 

engineers,  of  connecting  the  Indian  and  Russian  system  of  railway  com- 
munication by  the  Oxns  valley  and  the  Caspian.  Taking  the  map,  it  will 
be  found  that  the  swiftest  and  almost  direct  route  between  Calcutta  and 
London  :-  from  Raneegunge  to  Buxar,  there  cross  the  Ganges,  and  tin 
Oude  and  Rohileund  to  Umballa,  joining  the  E'unjaub  Railway  to  Lahore. 
Theuce  a  fine  road  leads  to  Peshawur,  and  a  tunnel  under  the  Indus  nt 
Attock  is  more  than  half  bored.  Leaving  India,  the  KbyberPass  is  gone 
through,  past  Jcllalabad  andCabnl,  through  the  Hindoo  Koosh,  and  strik- 
ing on  the  Oxu.l,  following  it    a-  far  as  Khiva,  wln-iin-  there  Will    la-    found 

the  ordinary  caravan  ronti  -  to  the  Caspian,  win  ;    learner  waits. 

Arrived  at  i  we  -ball  find  in  a  few  years  the  St.  ivt.  rsburg  Rail- 

way completed  by  Harata,  on  the  Volga,  to  that  city,  and   from    fonlnT.' 
by  Kiev  to  the  same  place.    Thi  route  is  two  m  by  the 

Euphrates  Valley,  or  eight  days  in  all  from  Calcutta   to   London.    The 

only  difficulty  is  between  Peshawur  and  Mo-  Caspian,    mil  H, It    . 

neering  trouble  would  be  the  Hindoo  Koosh.     It  wi!   bemoi  make 

a  railway  in  Control  Asia  than  along  the   Ukrau  coast,  where  ' 

perished,  and  where  ii    is  difficult   I  i  proted    >  line  of  telegraph. 
not  to  be  expected  thai  the  Euphrates  Valley  Hi  farther  than 

-rah  for  many  years,  any  more  than  tb-  Caspian  line  further  than 
Astrakhan  and  Peshawur  on  cither  side. 


REVIEWS  AND  NOTICES  OF  NEW  BOOKS. 

Steam  inthe  Farmyard  :  Its  adaptation  to  Agricultural  Purposes.  London  : 
W.  Kent  and  Co.  1863. 
Notwithstanding  the  obtrusively  evident  advertising  character  of  this 
pamphlet  crops  out  in  nearly  every  page,  and  the  business  object  with  which 
it  has,  doubtless,  been  written  becomes  perfectly  recognised,  there  is  is  so 
much  that  is  true  and  valuable  for  the  purpose  of  reference,  upon  a  sub- 
ject on  which  so  very  much  remains  to  be  written  and  done — practically 
and  systematically — that  we  feel  justified  in  calling  the  attention  of  our 
readers  to  the  pamphlet.  It  is  full  of  interesting  figures  and  details, 
showing  the  economy  attending  the  substitution  of  steam  in  the  farmyard 
and  in  the  field.  The  General  Steam  Cultivation  Company,  upon  the 
direction  of  which  the  names  of  his  Grace  the  Duke  of  Sutherland  and 
other  eminent  and  extensive  landed  proprietors  will  be  found,  appears  to 
have  been  originated  to  obtain  a  sufficiently  large  capital  for  the  purpose 
of  supplying  upon  lease,  or  to  sell  upon  agreements  for  payment  by 
instalments,  the  more  expensive  steam  machinery  proposed  to  be  employed 
for  the  cultivation  of  land  and  for  performing  the  manufacturing  opera- 
tions connected  with  the  farmyard. 


A  Record  of  the  Progress  of  Modern  Engineering,  cfc.     Edited  by  W. 

HoruEit,  Assoc.  Inst.  C.E.,  and  M.   Inst.  M.E.     London:  E.  and  P.N. 

Spon,  1863.     Parts  3,  4,  and  5. 

Mr.  Humber's  Record  certainly  improves  in  quality  and  excellence.  He 
has  made  a  very  interesting  selection  of  works  for  illustration  in  the  more 
recently  issued  parts. 


A   Short  Explanation  of  the  Analytical  and    Universal  Nautical  Code 
of  Signals.     By  Count  D'Escayeac  de  Latjtabe.  London :  J.  Camden 
Holten,  Piccadilly,  1863. 
The   Author   proposes  a    very  comprehensive,    simple,  and   ingenious 

system  of  signalling  at  sea,  which  is  deserving  of  the  attention  of  nautical 

men. 

♦ — 

The  Science   of  Ship -building    considered,  in  its  relation  to  the   laics  of 

nature,  by  H.   Bowlby  WillScxs',   Esq.,    of  Canada.     London  :  J.  D. 

Potter,  31,  Poultry,  1863. 

The  author  has  strung  together,  in  some  ninety-eight  or  one  hundred 

paragraphs,  which  are  not  very  well  assimilated  or  connected,  much  that 

would  be  very  valuable  to  naval  architects  orship  builders,  after  more  care  has 

beenbestowedupon  the  present  disjointed  and  crude  mass  of  matter  present  oil 

by  the  author.     What  Mr.  Willson   goes  in  for  as  a  midship  section  of  a 

sea-going  ship,  is  the  square,  box-like  form  ;  and  for  long,  broad,  ami  shallow 

ships,9<re»^Wenerfbyalongitudinalbowandstringgirdcr.    "  By  this  method 

the  ship's  keel  will  become  the  basis  of  strength  for  tin-  whole  struct  mv. 

both  longitudinally  and  transversoly,  instead  of  looking  to  the  outer  wall-, 

as  is  now  done,  for  tin;  main  support" — fp.  WSJ.     tfow,  a-  to  ho«  new  ami 

how  n-cful  the  "bow  and   string"  contrivance  is,  the    practical    experience 

of  many  of  our  readers  will  enable  them  to  judge  of  its  u-.-t'ulm--,  and  OOS 

or  two  of  them  may  have  acquired  that  knowledge  at  a  considerable  cost. 
Otherwise]  in  manj  respeeti  Mr.  Willson  has,  upon  questions  of  construc- 
tion and  disposition  of   materials,  Sad   the   internal   and  g.uc-ral  arrauge- 
of  both  cargo,  drips,  and  vessels  of  war,  reproduced,  to  a  great 

t,  the  pis f  Mr.   R.Roberts,  ('apt.  T.  R.   Symonds,  and  etnen. 

\\\.  are,  nevertheless,  much  obliged  to  Mr.  Bowlby  vTWsonftrr  the  aid 
which  bUpamphlel  m  tn  helping  along  the  common  cause  of  all 

„bo  bj  ed  In  the  progress  of  naval  architecture,  Ac,  bj    ventl- 

the    lubjocl    more   fully.     Mr.    Willson,  in   hi-    preface,    pa] 
itell'di  young   naval  architect, 

Mr.  Thomas  Smith,  of   Randolph,  Gilder,  and  Co.'s  ihJpbulldin    yard  at 
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CORRESPONDENCE. 


We  cannot  hold  ourselves  responsible  for  the  opinions  of  our  Correspondents. 
To  the  Editor  of  The  Aeiizan. 


HEAT  AND  FORCE. 

In  all  machines  it  is  observed  that  a  considerable  loss  of  power  results  from 
friction,  and  a  corresponding  production  of  heat  takes  place.  This  production 
of  heat  may  be  fairly  considered  as  the  equivalent  of  the  force  lost  by  the  friction 
of  the  machine. 

By  agitating  a  liquid,  its  temperature  is  increased  because  the  movements  of 
the  mass  are  changed  into  molecular  movements,  by  the  friction  of  the  particles 
on  each  other,  and  on  the  interior  surfaces  of  the  containing  vessels. 

As  it  is  an  undisputed  fact  that  work  can  thus  be  directly  converted  into 
heat,  the  mechanical  theory  of  heat  supposes  that,  conversely,  heat  is  changed 
into  work.  In  the  steam  engine  heat  is  obviously  the  cause  of  work,  but  it  is 
by  no  means  evident  that  part  of  the  heat  is  actually  changed  into  work,  as  the 
new  theory  supsoses. 

It  is  argued  that  heat,  or  the  intense  molecular  motion  of  ponderable  matter 
developed  by  chemical  agency  in  combustion,  is  the  source  of  work  in  the 
steam-engine,  and  that  perpetual  motion  would  be  realised  if  a  given 
quantity  of  heat  can,  by  its  passage  through  the  engine,  perform  exterior  work, 
and  still  remain  undiminished  in  amount  at  the  end  of  the  operation. 

The  force  of  this  reasoning  depends  on  the  view  which  is  taken  of  the  con- 
stitution of  the  vaporous  and  gaseous  states  of  matter.  The  mechanical  theory 
of  heat  explains  the  constitution  of  vapours  and  gases,  by  the  simple  mechanical 
laws  of  matter  and  motion,  without  the  agency  of  repulsion,  as  the  word  is 
generally  understood.  The  legitimate  scope  of  true  philosophical  inquiry  should 
certainly  be  to  clear  away  mystery,  where  possible,  and  to  remove  all  unne- 
cessary complication  from  our  ideas  of  the  agency  of  natural  forces  in  the  pro- 
duction of  physical  phenomena  ;  but,  unfortunately,  the  current  theory  of  ther- 
modynomics,  by  discarding  the  old  idea  of  molecular  repulsion  in  elastic  fluids 
has  introduced  fallacies  which  seriously  impair  the  practical  value  of  an 
otherwise  beautiful  doctrine,  elaborated  with  admirable  skill  by  some  of  the  first 
intellects  of  the  age. 

In  former  papers  treating  of  this  interesting  subject,  in  connection  with 
thermic  prime  movers,  I  have  endeavoured  to  show  that  heat,  as  molecular 
motion,  though  the  cause  of  work  in  the  steam-engine,  is  not  directly  con- 
verted into  work,  and  that  all  the  heat  which  leaves  the  boiler  in  the  steam 
should  (theoretically)  be  found  in  the  condenser,  only  more  diluted,  or  of  lower 
temperature.  Such  was  the  conclusion  to  whfrfi  the  large  experiments  of 
Seguin  led  twenty-five  years  ago ;  and  Mr.  Hirn,  of  Colmar,  after  the  most 
elaborate  research  on  the  thermodynamical  phenomena  of  the  practical  working 
of  large  steam-engines,  not  long  since  arrived  at  conclusions  differing  widely 
from  the  new  theory.  Fortunately  for  truth,  the  correctness  of  his  valuable 
facts  remains  uuimpeached,  for  it  seems  that  M.  Hirn  has  recently  altered  his 
views,  and  given  an  interpretation  to  the  facts  of  his  experiments  more  in  har- 
mony with  the  general  opinion  of  scientific  men,  as  more  particularly  enounced 
in  the  papers  of  Professor  Clausius  on  the  subject.  M.  Hirn's  experiments 
showed  that,  besides  the  production  of  work  without  loss  of  heat,  the  tumultuous 
dashing  of  high  pressure  steam  from  the  cylinder  of  an  engine  to  the  condenser 
produces  an  actual  increase  of  thermometric  heat ;  and  the  apparent  absurdity 
of  these  conclusions  disappears  if  we  allow  the  obvious  fact  that  high-pressure 
steam  must  contain  some  form  of  energy  distinct  from  that  of  mere  thermo- 
metric heat,  as  described  by  the  thermodynamical  theory,  though  always  co- 
existent with  it. 

Sadi  Carnot,  in  1824,  likened  the  dynamical  action  of  heat  in  the  steam-engine 
to  that  of  water  in  a  hydraulic  wheel,  the  temperature  of  the  steam  represent- 
ing height  of  fall  in  the  water.  Thus,  a  given  quantity  of  heat  concentrated 
into  a  smaller  space  would  correspond  to  a  given  quantity  of  water  raised  to  a 
certain  height ;  the  water  in  descending  would  produce  work,  and  the  heat  ex- 
panding into  a  larger  space  would  also  produce  work.  The  agents  in  both  cases 
would  remain  the  same  in  quantity,  but  it  is  evident  that  the  water  in  its  more 
elevated  position  contains  an  amount  of  work-producing  power  which  it  did  not 
possess  when  at  a  lower  level,  and  it  must  have  required  this  work-producing 
power  at  the  cost  of  so  much  energy  expended  from  some  other  active  source. 
This  energy  is  obviously  the  equivalent  for  the  work  expended  in  raising  the 
water.  So,  also,  a  given  weight  of  low  pressure  steam,  compressed  by  some  ex- 
terior force  into  a  smaller  volume,  contains  more  work-producing  power  than  it 
possessed  in  the  more  expanded  state;  and  this  increase  of  work-producing 
power  must  have  cost  an  equal  quantity  of  energy  transferred  from  the  exterior 


agent.  We  cannot  trace  the  occult  process  of  the  transfer,  but  the  visible  re- 
sults prove  that  it  has  taken  place,  and  we  find  that  the  energy  thus  transferred 
to  the  fluid  has  not  increased  its  quantity  of  thermometric  heat,  as  experiment 
proves  that  one  volume  of  steam  at  ten  atmospheres  pressure  contains  the  same 
(or  very  nearly  the  same)  amount  of  thermometric  heat  as  ten  volumes  of  atmo- 
spheric pressure  steam,  that  is  to  say,  each  will  raise  the  temperature  of  a  given 
mass  of  cold  water  the  same  number  of  degrees.  Thus  there  is  evidently  a  differ- 
ence between  thermometric  heat  and  calorific  energy  in  elastic  fluids. 

If  we  allow  that  elastic  fluids  may  possess  a  property  of  molecular  repulsion 
distinct  from  the  molecular  motion  supposed  to  constitute  elastic  tension  accord- 
ing to  the  current  doctrine,  we  may  conceive  of  the  specific  energy  of  high 
pressure  steam  as  of  the  energy  of  a  spring  wound,  up  ;  and  common  observation 
shows  that  when  a  vapour  or  gas  is  compressed,  and  the  molecular  springs  are 
thus  put  into  a  state  of  greater  tension,  part  of  the  latent  heat  of  the  fluid  be- 
comes sensible,  and  the  temperature  rises.  And,  on  the  other  hand,  when  an 
elastic  fluid  is  allowed  to  expand  quietly  by  gradually  enlarging  the  space  it  occu- 
pied, part  of  the  sensible  heat  of  the  fluid  becomes  latent,  and  the  temperature 
falls.  Now,  the  chemical  energy  of  fire  applied  to  a  common  steam-boiler,  be- 
sides effecting  the  change  of  the  liquid  to  vapour,  produces  on  the  vapour  formed 
the  same  result  as  compression  from  an  external  source  of  power.  This  will 
appear  plainer  by  tracing  the  formation  of  steam  in  a  boiler  vender  gradually  in- 
creasing pressure.  Each  fresh  particle  of  steam  formed  increases  the  density  of 
the  steam  already  existing,  and  changes  part  of  its  latent  heat  into  sensible  ;  and 
if  the  first  portion  of  the  steam  formed  be  supposed  to  remain  in  the  upper  part 
of  the  vessel  unmixed  with  that  which  goes  on  forming  below,  it  is  perceived 
that  its  pressure  will  go  on  increasing  with  a  corresponding  rise  of  temperature 
caused  by  a  change  of  its  latent  heat  into  sensible,  independently  of  any  direct 
communication  of  heat  from  beneath.  The  constitution  of  high  pi-essure  steam 
is  obviously  the  same  whether  it  is  generated  directly  at  high  pressure  in  the 
boiler,  or  produced  from  low  pressure  steam  compressed  iuto  a  smaller  volume 
by  external  force ;  thus  it  appears  that  a  higher  temperature  in  the  heat  absorbed 
in  forming  the  steam  produces  the  same  effect  as  the  application  or  transfer  of 
energy  from  without  in  giving  density  and  pressure.  Therefore,  the  condition, 
or  quality  of  the  heat,  should  be  considered  in  these  investigations  as  well  as  the 
quantity. 

Latent  heat  may  be  conceived  of  as  a  kind  of  polar  arrangement  of  the 
particles  of  an  elastic  fluid,  the  angular  distances  of  the  like  atomic  poles  in- 
creasing and  decreasing  with  the  distances  of  the  particles  from  each  other.  The 
amount  of  latent  heat  which  a  liquid  takes  up  in  changing  to  a  vapour  is  always 
proportional  to  the  pressure,  and  the  pressure  is  abviousby  as  the  space  in  elastic 
fluids,  so  that  by  increasing  the  pressure  the  apparent  step  between  the  two 
states  of  liquid  and  vapour  is  made  smaller  and  smaller.  The  quantity  of  heat, 
or  molecular  motion,  appears  to  be  constant  in  the  change  of  state  independent 
of  temperature  or  space.  Therefore  when  vapour  is  formed  at  a  low  tempera- 
ture, and  corresponding  low  pressure,  we  may  imagine  the  energy  from  the  fire 
to  actuate  the  particles  in  large  orbits  with  few  vibrations  in  a  given  time,  and 
the  like  atomic  poles  greatly  averted,  consequently  low  repulsion  ;  and,  on  the 
other  hand,  when  vapour  is  formed  at  a  high  temperature,  and  corresponding 
high  pressure,  the  same  amoui.t  of  communicated  energy  may  be  supposed  to 
actuate  the  particles  in  smaller  orbits  with  a  greater  number  of  vibrations  in 
the  same  time,  the  angular  distances  of  the  like  atomic  poles  being  smaller,  aud, 
consequently,  increased  tension,  or  repulsive,  force  in  the  fluid.  TSy  some 
such  hypothesis  we  can  conceive  the  amount  of  thermometric  heat  in  a  given- 
weight  of  saturated  steam  to  remain  constant  under  all  changes  of  pressure  and 
temperature,  while  the  molecular  repulsion,  or  calorific  energy  varies  with  the 
circumstances. 

On  a  superficial  view  of  the  phenomena  it  might  be  imagined  that,  because 
the  quantity  of  thermometric  heat  is  the  same  in  steam  of  various  pressures, 
the.  increase  of  energy  in  high  pressure  steam  costs  nothing.  Commercially 
speaking  such  is  nearly  the  case,  but  in  nature's  laboratory  everything  must 
obey  the  laws  of  equivalence  in  phenomena  of  this  kind,  and  there  can  be  no 
doubt  that  the  increased  energy  of  the  high  pressure  steam  is  produced  by  the 
transfer,  or  transformation,  of  some  equivalent  energy  sent  in  from  the  fire  ; 
but  as  the  temperature  of  common  combustion  is  enormously  higher  than  that 
of  ordinary  steam,  and  the  temperature  communicated  to  the  liquid  particles  in 
becoming  vapour  is  only  the  actual  temperature  of  the  steam,  the  energy  of  con- 
centration, or  high  temperature  in  the  heat,  is  availed  of  only  in  a  very  limited 
degree,  and  the  greater  part  of  it  is  allowed  to  run  down  and  become  diffused 
without  producing  the  amount  of  dynamical  effect  which  would  result  if  it  could 
be  transmitted  to  the  forming  steam  at  a  higher  temperature. — J.  Gill. 
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MR.  BENJAMIN  GOODPELLOW. 

We  regret  to  have  to  announce  the  death  of  Mr.  B.  Goodfellow,  on  the 
^IJth  of  April  last. 

Mr.  Good  fellow  held  a  leading1  position  in  Hyde,  and  the  neighbourhood 
of  Manchester,  during  the  last  twenty  years.  He  will  be  well  known  to  most 
of  our  readers  as  one  of  our  leading  mechanical  engineers,  andby  his  nume- 
rous inventions  affecting  the  various  branches  of  engineering.  He  attained 
the  high  position  which  he  held  by  dint  of  unremitting  energy  and  industry. 

Mr.  Goodfellow  was  born  of  very  humble  but  industrious  and  exemplary 
parents,  at  Kainin,  a  village  in  Macclesfield,  in  1811.  He  commenced 
woiking  in  a  silk  mill  at  the  age  of  six  years — and  after  the  removal  of 
his  parents  to  Hyde,  he  worked  at  the  Carrfield  Mills,  Floweryfield,  until 
1838,  daring  which  time  he  worked  upon  all  the  machines  needed  in  the 
manufacture  of  woollen  cloth,  and  finally  was  employed  as  a  mechanic, 
working  upon  the  various  machines  used  in  spinning  and  weaving  cotton. 

In  1838  Mr.  Goodfellow  invented  and  patented  his  well-known  metallic 
piston,  the  novelty  of  his  invention  consisting  in  the  employment  of  three 
spring  rings,  producing  both  a  vertical  and  a  lateral  action  at  the  same  time. 

About  the  time  of  patenting  his  metallic  piston,  Mr.  Goodfellow  com- 
menced business  as  a  maker  of  them  on  his  own  account,  at  the  Carrfield 
Mills,  the  use  of  the  mechanics' shop  being  granted  him  bv  the  proprietor 
of  the  Mills— the  late  Mr.  Thos.  Ashton. 

He  remained  at  Carrfield  Mills  about  two  years,  and  then  removed  to 
the  site  of  the  works  on  Mottram  Road,  where  he  gradually  embarked  in 
all  the  different  branches  of  mechanical  engineering,  extending  his  works 
almost  year  by  year  since  ISIS  (in  which  year  the  chief  portion  of  them 
was  built)  until  they  now  stand  on  about  20,000  square  yards  of  land, 
and  when  times  are  prosperous  above  400  men  are  employed  upon  them. 


THE  RE-OPEXIXG  OF  THE  COLOSSEUM. 
The  Colosseum,  with  its  numerous  attractions,  has  been  recently  re-opened 
to  the  public  under  the  management  of  Mr.  J.  Nimrco.  During  the 
time  the  building  has  been  closed  for  the  purpose  of  repairs,  &c,  advantage 
has  been  taken  of  the  opportunity,  to  re-embellish  the  whole  of  the  interior. 
The  new  management  has  been  inaugurated  by  an  attractive  programme. 
It  is  announced  that  the  present  will  he  the  last  season  of  the  exhibition 
of  the  moving  cyclorama  of  the  destruction  of  Lisbon  by  earthquake,  and 
of  the  great  pictures  of  London  by  day,  and  Paris  by  night. 

NON-CONDUCTING  COMPOSITIOXS. 

Mr.  James  Spence  of  Her  Majesty's  Dockyard,  1'ortsmouth,  has  patented 
some  excellent  and  very  effective  compositions,  suited  for  covering  steam 
boilers,  cylinders,  steam  pipes,  and  other  heated  surfaces,  for  retaining 
the  heat  and  preventing  radiation. 

As  a  substitute  for  the  hair-felt  lagging,  &C.,  it  is  cheaper,  and  unlike 
hair-felt,  it  will  perfectly  withstand  the  highest  temperature  to  which,  by 
the  introduction  of  the  superheating  of  high  pressure  steam,  the  outer 
shells  of  boilers  are  now  subjected. 

Ry  a  variation  in  the  proportions  of  the  materials  employed,  Mr.  Spence 
adapts  the  character  of  the  composition  to  the  various  purposes  to  which  it 
may  he  usefully  adapted,  whether  for  retaining  heat,  01  excluding  or  re- 
sisting intense  cold. 

It  has  been  tried  with  perfect  success  for  several  months,  daring  which 
time  we  have  had  the  opportunity  of  judging  how  admirably  it  U  suited 
for  the  several  purposes  to  which  it  ban  been  applied;  and,  by  its  substitu- 
tion for  the  present  method  employed  tor  covering  steam  boilen  in  her 
Majesty's  service.  Not  only  will  a  great  money  saving  be  effected  iii  lirst 
cost,  and  for  renewals,  but  the  danger  arising  from  risk  of  tire  will  hi' 
avoided. 

MI!.   KICHAKI)  KOBKUTS,  C  K 
Messrs  .Moirs  and  Haigh,  of  Lower  Seymour-street,   Portman-square, 
have  produced  an  admirable  likeness  of  Mr.    Itoberts,  of  Manchester,  and 
rs  Marion  and  Co.,  of  Soho-  square,  are  tbe  publishers.     As  a  specimen 

Of  photographic  art,  it.  is  excellent,  and  will  doubt  less  he  highly  appreciated 
as  a  faithful  likeness  by  all  the  friends  of  the  worthy  and  highly  talented 
original. 

Twiif-sCBrw  ob  l>"t  m  i. -<  m.yy  s 1 1  \ m  - n n-- .  At  the  Boyal  United 
Service  Institution,  Captain  T.R.  Symonds,  R.N.,  on  Monday,  the  L8thof 
May,  read  a  paper  upon  the  advantages  of  manoanvTlng  ships  of  war  with 

broadside  guns  in  action  by  means  of  two  screws,  worked  by  separate  ami 
independent  engines,  and  compared  It  with  the  cupola  system.  The  Mm- 
struction  of  ships,  and  the  mounting  and  disposing  upper  deck  guns  of 
large  calibre,  proposed  by  Captain  Symomls,  enables  fore  ami  aft  tiring  to 
be  performed  more  perfectly  than  in  any  arrangement  previously  brought 
to  the  notice  of  naval  artillerists,  and,  with  the  aid  of  tbe  two  Screws,  Se- 
cures advantages  not  possessed  by  either  the  cupola  system  OT  any  other 
plan  of  arming  ships. 


XOTICES  TO  CORRESPONDENTS. 


Paiee. — In  answer  to  your  enquiry,  the  Admiralty  order  to  which  you  refer 
is  very  explicit  as  to  the  points.  For  your  information  we  give  the  points 
in  extenso : — 

Engineer  Soys  and  Dockyard  Apprentices. 

1.  The  vacancies  for  these  appointments  are  open  to  public  competition. 

2.  Candidates  must  not  be  under  the  age  of  thirteen  years  and  nine  mouths 
or  above  the  age  of  fifteen  years  on  the  first  day  of  the  month  after  the 
examinations.  Proof  of  age  will  be  required  by  certificate  of  birth,  extract 
from  baptismal  register,  or  declaration  before  a  magistrate,  which  must  be 
produced  at  the  time  of  the  examination.  They  must  also  produce  evidence 
of  respectability  on  a  form  which  will  be  furnished  by  the  superintendent. 
Thej'  will  not  be  admitted  for  examination  unless  their  age  is  within  the 
above  limits,  and  until  the}'  have  been  pronounced  fit  for  her  Majesty's 
service,  by  the  medical  officers  in  the  yard,  and  they  should  possess  the 
following  qualifications  at  the  minimum  age  : — 

Height  ...  ...  ...  ..,     4ft.  8in. 

Weight  ...  ...  ...  ...        90lbs. 

Girth  of  Chest  ...  ...  ...  ...  26m. 

but  a  deficiency  in  these  requisites  will  not  exclude  a  candidate  yvho  may  be 
pronounced  by  the  medical  officers  to  be  generally  calculated  to  make- 
efficient  workmen. 

3.  Examinations  will  be  held  in  January  and  June. 

i.  The  following  will  be  the  subject  of  examination,  and  the  maximum  number 
of  marks  for  each  subject  : — 

Arithmetical       ...  ...  ...  ...  350 

Spelling  ...  ...  ...  ...  100 

Handyvriting      ...  ...  ...  ...  100 

Reading  ...  ...  ...  ...  100 

Grammar  ...  ...  ...  ...  1(MI 

English  Composition  ...  ...  ...  100 

Geography  ...  ...  ...  i..  100 

Euclid,  1st  three  books         ...  ...  ...  150 

Algebra,  up  to,  and  including  quadratic  equations  ; 

arithmetical  and  geometrical  progression         ...  150 


Total        ...  ...  ...  1350 

5.  A  competent  knowledge  of  the  first  four  subjects  will  be  required  of  all 
candidates,  and  candidates  for  the  factories  must  also  possess  a  competent 
knoyvledge  of  the  first  three  books  of  Euclid,  to  render  them  eligible  for 
appointment  as  engineer  boys.  The  other  subjects  will  count  in  the  com- 
petition, but  will  not  be  considered  essential. 
C.  200  marks  as  a  maximum  will  also  be  given  for  physical  qualifications,  vis., 
— height,  weight,  girth  of  chest,  and  strength. 

7.  The  boys  will  be  appointed  according  to  their  standing  on  the  examination 
list,  and  the  successful  candidates  will  have  the  option  of  choosing  vacancies 
for  engineer  boys  in  the  factories,  or  for  apprenticeship  in  the  dockyards. 

8.  Candidates  who  fail  at  the  first  examination  will  be  entitled  to  a  second,  if 
not  over  age. 

9.  All  apprentices  entered  in  future  in  the  Master  Shipwrights'  Department, 

except  millwrights,  will   lie  employed  during   the   last    tyyo  years  of  their 

apprenticeship,  or  part  of  that  time,  on  board  Her  Majesty's  sea-going  ships 
in  commie  i  a     Inr,  will  rec  ivetlnit  iickjird  |-.v    with  an    i  hhtr.-nnl 

day's  pay  per  week  for  Sundays,  and  will  he  victualled  mi  hoard,  and  receive 

tool  money. 

10.  Apprentices  receiving  a  superior  course  of  instruction,  it  sent  to  sea,  will 

be  allowed  to  continue  their  studies  under  the  naval  instructor. 

11.  On  the  expiration  of  their  period  of  iOrvic*  they  will  receive  a  certilir.it. 
.it   their  character  and  conduct,  the  progress  they  have  made  in  their  trades 

and  in  the  knowledge  of  the  subjects  prescribed  for  dockyard  apprentices. 
If  tlii  te  be  favourable  it  will  receive  due  consideration,  when  any 

.it    these  young  men  shall  he  candidates  tor  promotion,  either  as   carpenters 

in.iti  s,  ot  as  inferior  officers  in  the  dookyards. 
19,  The  apprentices  now  in  the  service  will  be  allowed  to  avail  themselves  ol 

these  regulations  on  the  recommendation  of  the  Superintendents, 
p.)  Theen  ini        >ys  are  not  apprenticed,  bat  are  admitted  t..  tbe  factories 

for  a  period  ol  about  five  years,  with  n  view  of  becoming  nay.ii  engineers 

-In. old  they,  on  examination,  be  found  properly  qualified,  and  should  then 

lervices  be  required. 
it.  Thelist  of  candidates  for  the  factories  and  for  apprenticeship,  is  kept  bj 

the  Superintendents  of  the  dockyards,  to  wl i  all  applioati must  be 

eased.    Persons  serving  afloat  must  apply  through  their  commanding 

..iii.  i 
s.ll.  skct.h  Motived,  and  » ill  he  noticed  in  our  next 
■/  (.  tNI,  Otbsbs, — The  water  |et  propeller  maj  kx  seen  daih  on  the  Rivet 
Mease,  and,  w<  believe,  also  on  somepartol  the  Elbe.  The  plan  there  used 
differ-  from  Ruthveus,  Experiments  ars  being  conducted  on  some  of  tie 
l'i.  ii. ih  oan  d-  with  re  lels  having  longitudinal  trunks  ■"  water  waj  s,  through 
„  ),„  i,  ii,,  watei  admitted  at  the  bows  is  ejected  at  the  stern  with  oonstdsjrabh 

.  by  means  ..I  L.taiy  pumps. 

IE,         i  ir.MiM,.x.      Ifou  will  find  what  you  require  in  the  "  Rudi- 

men!  •""'  "  ''''" 

Thson  .oei  Practice  of  Shipbuilding,"  bj  T.  White,  price  16s.  i  shio  by  Weals. 

hHolborni  and.it  you  apply  to  Messrs.  Spoil,  ol  bucklesburv,  thsi  will 

ol  books  upon  shipbuilding,  and  the  various  rues  raw 

t.i  measurement . 

.l.ll.    'lie-  pips  joint  ws  ihould  reoommsnd  foi  the  purpose  is  that    reosutlj 

patented  bj  l>r.  tformsndy,  which  effects  atfa aghly  tight  joint    Should 

I  ,„  piping  '.:  ■'  oonld  be  employed. 

lo 


138 


Reviews  and  Notices  of  New  Boohs. — Recent  Legal  Decisions. 


("The  Abtizan, 
L   June  1, 1863. 


KECENT    LEGAL    DECISIONS 

AFFECTING  THE  AETS,  MANUFACTURES,  INVENTIONS,  &c. 


Unties  this  heading  we  propose  giving  a  succinct  summary  of  such  decisions  and  other 
proceedings  of  the  Courts  of  Law,  during  the  preceding  month,  as  may  have  a  distinct 
and  practical  bearing  on  the  various  departments  treated  of  in  our  Journal :  selecting 
those  cases  only  which  offer  some  point  either  of  novelty,  or  of  useful  application  to  the 
manufacturer,  the  inventor,  or  the  usually — in  the  intelligence  of  law  matters,  at  least 
— less  experienced  artizan.  With  this  object  in  view,  we  shall  endeavour,  as  much  as 
possible,  to  divest  our  remarks  of  all  legal  technicalities,  and  to  present  the  substance 
of  those  decisions  to  our  readers  in  a  plain,  familiar,  and  intelligible  shape. 


Oppenheim  v.  Fey. — This  was  a  case  tried  in  the  Court  of  Queen's  Bench,  which 
raised  an  important  point  in  the  law  of  marine  insurance, — whether  the  machinery  of  a 
steamer  should  be  deemed  part  of  the  vessel,  so  as  thai  the  expense  of  putting  out  a 
Are  in  the  hull  should  be  recoverable  as  general  average  on  machinery  and  hull,  or  be 
chargeable  only  against  the  hull.  The  policy  was  upon  a  steam  vessel,  valued  at 
£22,000— that  is,  £14,000  for  the  hull  and  £8000  for  the  machinery — and  the  Sum  insured 
was  £17,650;  "  average  payable  on  the  whole,  or  each,  as  if  separately  insured,"  3  per 
cent.  The  steamer  went  to  Constantinople,  and  while  lying  there  near  the  shore  a  fire 
took  place,  which  communicated  to  the  hull  of  the  vessel ;  and  the  sum  in  question  was 
the  amount  of  expense  incurred  in  putting  out  the  fire,  which  did  npt  damage  the 
machinery.  "When  the  owners  came  to  claim  upon  the  policy,  the  "  average  stater  " 
stated  the  "  particular  average  "  at  £386,  in  which,  however,  was  included  a  sum  of  £9 
for  fees  to  Lloyd's  surveyors  for  survey  of  the  damage  before  the  repairs ;  and,  deducting 
that  sum,  there  would  be  only  £377.  The  other  sum  in  dispute  was  thus  stated  as 
"  general  average."  "Sundry  expenses  incurred  in  putting  out  the  fire  in  order  to  pre- 
serve the  ship  from  total  destruction,  employment  of  labourers,  &c,  £55,"  of  which 
£35  was  agreed  to  be  the  amount  allotable  to  the  hull,  if  it  was  a  general  average.  The 
sum  of  £9  was  stated  as  "  particular  average."  Now,  deducting  the  £9  from  the  £386 
would  leave  £377,  and  adding  thereto  £55,  would  make  a  sum  of  £432,  which  would  be, 
it  will  be  observed,  more  by  £12  than  the  amount  of  3  per  cent,  on  £14,000,  the  value  of 
the  hull.  The  average  stater,  however,  stated  the  £55  as  general  average,  out  of  which, 
in  that  view,  only  £35  out  of  the  £55  would  go  to  the  hull;  and  adding  this  to  the  £377, 
would  make  up  the  sum  of  £412,  which  would  be  less  by  about  £8  than  the  amount  of 
3  per  cent,  on  the  £14,000.  The  question  in  dispute  (said  to  be  important  in  point  of 
principle)  was,  first,  whether  the  £9  was  particular  or  general  average,  and,  next, 
whether  the  whole  of  the  £55  should  be  allotted  to  the  hull  alone  and  be  deemed  par- 
ticular average,  so  as  to  raise  the  sum  above  3  per  cent.  A  certain  sum  had  been  paid 
into  court  by  the  underwriters,  and  the  question  was  if  that  was  enough.  If  the  amount 
in  dispute  were  appropriated  to  general  average,  then  the  loss  would  be  under  3  per 
cent.,  and  the  sum  so  paid  would  be  enough ;  if  to  particular  average,  then  the  loss 
would  be  above  3  per  cent.,  and  the  sum  paid  would  not  be  enough;  The  case  was  tried 
at  Guildhall,  before  the  Lord  Chief  Justice,  and  the  facts  not  being  disputed,  the  question 
of  law  was  reserved  for  the  Court.  The  Court  thought  that  the  plaintiff  was  not  en- 
titled to  calculate  more  than  £35  of  the  £55  as  particular  average,  and  was  not  entitled 
so  to  calculate  the  £9,  the  expense  of  the  survey,  for  the  rest  of  the  £55  and  the  sum  of 
£9  were  expenses  incurred  for  the  safety  of  the  entire  vessel.  Thus,  therefore,  the  loss 
would  be  under  3  per  cent.,  and  the  plaintiff  was  not  entitled  to  recover  more.  Judg- 
ment for  the  defendant. 


NOTES  AND  NOVELTIES. 


OUR  "NOTES  AND  NOVELTIES"  DEPARTMENT.— A  SUGGESTION  TO  OUR 
READERS. 
We  have  received  many  letters  from  correspondents,  both  at  home  and  abroad,  thanking 
us  for  that  portion  of  this  Journal  in  which,  under  the  title  of  "Notes  and  Novelties," 
we  present  our  readers  with  an  epitome  of  such  of  the  "  events  of  the  month  preceding" 
as  may  in  some  Way  affect  their  interests,  so  far  as  their  interests  are  connected  with 
any  of  the  subjects  upon  which  this  Journal  treats.  This  epitome,  in  its  preparation, 
necessitates  the  expenditure  of  much  time  and  labour ;  and  as  we  desire  to  make  it  as 
perfect  as  possible,  more  especially  with  a  view  of  benefiting  those  of  our  engineering 
brethren  who  reside  abroad,  we  venture  to  make  a  suggestion  to  our  subscribers,  from 
which,  if  acted  upon,  we  shall  derive  considerable  assistance.  It  is  to  the  effect  that  we 
shall  be  happy  to  receive  local  news  of  interest  from  all  who  have  the  leisure  to  collect 
and  forward  it  to  us.  Those  who  cannot  afford  the  time  to  do  this  would  greatly  assist 
our  efforts  by  sending  us  local  newspapers  containing  articles  on,  or  notices  of,  any  facts 
connected  with  Railways,  Telegraphs,  Harbours,  Docks,  Canals,  Bridges,  Military 
Engineering,  Marine  Engineering,  Shipbuilding,  Boilers,  Furnaces,  Smoke  Prevention, 
Chemistry  as  applied  to  the  Industrial  Arts,  Gas  and  Water  Works,  Mining,  Metal- 
lurgy,^ To  save  time,  all  communications  for  this  department  should  be  addressed 
"19,  Salisbury-street,  Adelphi,  London,  W.C."  and  be  forwarded,  as  early  in  the  month 
as  possible,  to  the  Editor. 


MISCELLANEOUS. 

Ibon  Tank  Oil  Ship.— The  Samsay,  an  iron  tank-ship,  built  for  the  Petroleum 
Irading  Company,  recently  sailed  from  Liverpool  for  New  York.  This  vessel  will  carry 
about  400  tons  of  petroleum  in  tanks,  and  an  equal  quantity  in  barrels,  and  the  system  is 
so  much  approved  by  the  underwriters  that  insurances  can  be  effected  on  her  at  less  than 
hall  the  usual  rates. 

Nro  Fortifications.— The  annual  return  relating  to  expenditure  on  fortifications 
states  that  he  £2,000,000  authorized  by  the  Act  of  1860  have  been  raised,  and  £70,000  of 
the  £1,200,000  authorized  by  the  Act  of  1862.  These  sums  have  been  obtained  by  the 
creation  of  terminable  annuities  (1855),  amounting  to  £133,827.  The  annuities  were 
SRt'  3*  8"  eent-  "^T*-  The  amount  actually  expended  up  to  the  31st  of 
h£L. J.f,Us--a8l!11SwsrAt  Portsmouth,  £764,729;  at  Plymouth,  £393,870;  at  Pem- 
n  X  m  i  '  ;  f  cP°rtland,  £122,134;  at  Gravesend,  £78,463  ;  at  Chatham,  £122,242  • 
™„£  M/1(1.r'1ay  a>"l  feheerness,  £125,463;  at  Dover,  £190,718;  at  Cork,  £21,493;  on  experi- 
ments, £1,318;  land  surveyors'  charges,  £10,414;  surveys  and  legal  expenses,  £35  465  ■ 
Total  ktmm'  '  drau*htsmen'  &c'>  employed,  and  contingent  expenses,  £40,165! 


Subtebranean  Foeesi. — During  the  progress  of  the  Victoria  Dock  extension  works  at 
Hull,  a  subterranean  forest  has  been  struck  at  a  depth  of  32ft.  from  the  surface.  In  one 
instance  the  root  and  part  of  the  stem  of  an  immense  oak,  about  20ft.  in  circumference, 
and  in  a  good  state  of  preservation,  lies  exposed,  and,  as  it  is  on  a  level  with  the  bottom 
of  the  dock,  it  will  probably  continue  in  its  original  position  until  the  end  of  time.  The 
remains  of  the  trunks  of  two  other  large  trees  have  also  been  dug  up,  one  of  which  bears 
the  evident  marks  of  fire.  In  some  instances  the  wood  is  mixed  with  clay,  and  mostly 
as  black  as  ebony,  and  when  cut  by  the  workmen's  spades,  soon  crumbles  into  dust  by 
the  action  of  the  air.  The  forest  appears  to  have  been  of  a  very  great  extent,  for  at 
present  no  limit  has  been  found  to  its  boundaries.  Wherever  the  excavations  are  con- 
tinued, the  workmen  discover  traces  of  its  existence,  It  may  not  be  uninteresting  to 
describe  the  geological  condition  of  the  strata.  Clay  is  found  to  about  15ft.  below  the 
surface,  and  beneath  that  a  seam  of  sand,  which  is  followed  by  a  stratum  of  sand  of  a 
moister  nature,  greatly  mixed  with  cockle  and  other  fresh-water  shells,  and  then  comes 
the  seam  containing  the  wood,  wetter  still. 

Tin  Lined  Lead  Cisterns. — At  a  meeting  of  the  Liverpool  Chemists'  Association  on 
the  7th  ult.,  specimens  of  lead  pipe  and  sheet  lead,  electro-plated  with  tin,  were  exhibited 
by  Mr.  Holt,  and  some  discussion  ensued  respecting  the  use  of  lead  coated  in  this  manner 
for  water  cisterns  and  pipes.  It  appeared  to  be  the  opinion  of  the  meeting  that  the 
coating  of  tin,  instead  of  preserving  the  lead,  was  far  more  likely  to  insure  its  more 
rapid  corrosion,  for  if  the  coating  of  tin  by  any  means  happened  to  be  scratched  off,  even 
to  the  slightest  extent,  galvanic  action  would  take  place,  and  the  lead  would  be  destroyed 
very  quickly.  Dr.  Nevins  and  Dr.  Edwards  stated  that  their  experiments  had  proved  that 
such  would  undoubtedly  be  the  ease,  Dr.  Edwards  remarking  that,  in  one  case  which  he 
had  examined,  a  cistern  made  of  lead,  in  which  was  an  accidental  admixture  of  tin,  was 
eaten  out  by  well  water  in  six  months,  the  lead  being  rapidly  precipitated  in  the  form  of 
sulphate,  &e. 

Paris  to  be  Lit  by  Electricity. — The  lighting  of  Paris,  it  is  stated,  is  to  be  entrusted 
to  M.  J.  Von  Malderan,  who  has  invented  a  new  electric  light,  one  jet  of  which  is  equal 
to  2200  jets  of  gas.  The  Place  Saint  Surplice  is  destined  to  be  the  first  where  the  essay 
is  to  be  tried. 

Trial  op  an  Hydraulic  Press. — The  official  trial  of  Messrs.  Westwood,  Baillie,  and 
Co.'s  new  28in.  hydraulic  press,  erected  in  Woolwich  dockyard,  for  bending  and  preparing 
armour-plates  took  place  on  the  19th  ult.  The  first  test  consisted  of  a  trial  of  two  4Jin. 
armour-plates,  made  hot,  forming  a  thickness  of  9in.  of  solid  iron,  which  were  placed  in 
the  press  and  bent  to  a  curve  of  seven-eights  in  the  breadth  of  the  plates  in  less  than  five 
minutes,  at  a  pressure  of  1000  tons  on  the  whole  surface  of  the  piston,  the  pump 
making  about  130  revolutions  per  minute.  In  the  second  trial  the  plates  were  adjusted 
so  as  to  bring  the  pressure  near  the  centre  of  the  plate.  The  pump  was  then  worked  up 
to  about  1539  tons  by  indicator,  bending  the  two  slabs  of  iron  to  a  curve  of  one  half  in 
their  breadths.  The  third  and  last  trial  consisted  of  a  simple  test  of  the  working  of  the 
pump  and  the  strength  of  the  press.  The  pump  worked  up  to  about  1600  tons  and 
exhibited  no  visible  signs  of  weakness.  The  press  is  fitted  with  an  improved  apparatus — 
namely,  a  table  or  guide  at  the  top  of  the  cylinder  to  keep  it  from  rising  or  canting,  which 
will  enable  it  to  be  worked  up  to  the  enormous  pressure  of  2000  tons.  The  Russian 
Government  have  desired  Messrs.  Westwood  and  Co.  to  supply  three  of  these  presses 
with  the  utmost  possible  despatch,  after  having  investigated  the  capabilities  of  the  press 
by  a  careful  inspection  during  its  erection  in  Woolwich  dockyard. 

Anti-Fouling  Compositions  por  Iron  Ships. — The  difficult  problem  of  discovering 
a  mode  through  which  the  bottoms  of  iron  ships  shall  be  entirely  preserved  from  fouling 
has  been  but  little  advanced  by  the  experiment  lately  completed  at  Devonport.  The 
premium  offered  by  .the  Lords  of  the  Admiralty  for  producing  the  long-desired  pre- 
ventives continues,  therefore,  open  to  competition.  The  iron-screw  steam  tender  Minx, 
of  303  tons,  which  has  engines  of  10-horse  power,  commanded  by  Mr.  James  Pook,  does 
harbour  service  for  the  Channel  fleet,  and  supplies  the  ships  with  water.  She  received 
last  September  on  her  port  side  amidships  three  samples  of  different  compositions,  each 
10ft.  wide,  and  extending  down  to  the  bottom  of  the  keel.  The  sample  forward  was  that 
manufactured  by  Mr.  Fidemore,  the  next  was  that  supplied  by  Mr.  Elsworth,  and  the 
third  was  a  preparation  recommended  by  Mr.  Edwards,  assistant-master  shipwright  in 
Devonport  dockyard.  The  remainder  of  the  port  side  forward  and  aft,  and  all  the  star- 
board side,  received  the  composition  of  Mr.  Hay,  chemist,  of  Portsmouth.  So  prepared, 
the  Minx  was  floated  ;on  the  10th  of  October,  1862,  since  which  time  she  has  been  con- 
stantly occupied  on  harbour  duty.  Ships  so  employed  foul  much  more  speedily  than 
those  making  long  voyages.  After  three  or  four  months'  experience,  it  was  found  that 
sea-weed  and  grass  had  grown  considerabiy  on  the  port  side  of  the  Minx,  which  made 
her  very  "ushandy  with  her  helm."  Recently  she  was  placed  high  and  dry  in  dock,  and 
an  opportunity  was  given  for  examining  her  bottom  minutely.  There  is  considerable 
difference  between  her  draught  when  laden  with  water,  provisions,  &c,  as  a  tender,  and 
when  in  ballast;  ^and  as  she  had  been  mostly  in  one  or  other  of  these  conditions  during 
the  last  seven  months,  the  load  line  and  the  ballast  or  light  line  are  marked  most  dis- 
tinctly all  round.  Between  the  two  there  is  not  much  vegetation,  but  on  the  lower  line, 
where  the  compositions  of  Messrs.  Finemore  and  Elsworth  are  laid  on,  there  is  a  distinct 
fringe  of  weed  two  feet  long.  Below  the  fringe  in  the  former,  light  sea  grass,  small 
barnacles,  and  much  rust  prevail.  On  Elsworth's  composition  there  are  barnacles  and 
thick  grass,  but  very  little  rust.  On  Hay's  composition  there  are  some  weeds,  many 
small  barnacles,  but  verv  little  rust.  Before  this  preparation  was  laid  on  a  coat  of 
bitumen  was  applied  to  the  iron.  The  test  applied  to  the  Minx,  according  to  the  present 
trial,  places  Mr.  Hay's  composition  first,  Mr.  Elsworth's  second,  and  Mr.  Finemore's 
third,  in  order  or  success. 

Messes.  Gvvynne  and  Co.  have,  we  understand,  received  orders  from  the  Admiralty 
for  the  supply  of  the  pumping  engines  for  the  new  docks  at  Malta  (their  patent  centri- 
fugal pump  is  to  be  used),  and  of  a  capacity  capable  of  discharging  25,000  tons  of  water 
in  four  hours.  Messrs.  Gwyrme  and  Co.  have  also  in  hand  a  pair  of  engines,  with  the 
centrifugal  pumps  for  the  dry-dock  of  Messrs.  Palmer  Bros.,  ship-builders,  Newcastle-on- 
Tyne,  and  one  to  discharge  240,000  cubic  feet  of  waterin three  hours,  for  the  new  floating 
dock  for  the  Dutch  Government  now  being  constructed  hi  Holland,  &c. 

Petroleum. — Messrs.  Booth  andGarrett,  professors  at  Philadelphia  U.S.,  have  found  that 
2'599  gallons  of  petroleum  oil  produce  as  much  light  as  1000  cubic  feet  of  coal  gas,  or 
11'699  gallons  of  a  mixture  of  turpentine  and  alcohol.  For  the  price  of  the  petroleum  as 
compared  to  other  lighting  substances,  the  following  return  was  made : — 

£  s.  d. 

A  quantity  of  light  produced  by  spermaceti  candles,  cost 4  3  4 

„                     „          by  adamantine 2  11  5$ 

„                      „           by  paraffin  oil 2  8  8 

„                       „           bycoalgas 0  8  9 

„                     „          by  petroleum , 4  5£ 

Owing  to  the  cheapness  of  the  petroleum  oil,  it  is  at  present  also  employed  as  fuel  in 
America.  Thus  an  oil  refiner  of  Erie  uses  it  in  place  of  coal,  by  leading  it  in  the  re- 
quired quantity  to  the  furnaces  through  a  tube.  By  this  means  he  lealises  an  economy  of 
£4  per  week.  As  soon  as  means  will  have  been  found  of  removing  the  unpleasant  smell 
petroleum  spreads  during  the  combustion,  its  use  will  become  infinitely  more  extensive. 
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An  International  Exhibition  op  Agricultural  Machinert  will  be  held  at 
Koenigsberg,  Prussia,  from  the  24th  to  the  39th  of  August,  1863,  in  connection  with  the 
agricultural  and  horticultural  gathering,  intended  exclusively  for  Prussia.  Manufacturers 
of  all  countries  are  admitted  to  competition.  The  awards  will  consist  of  medals  and 
diplomas.  Several  of  the  exhibited  machines  will  be  raffled  for  at  the  close  of  the  exhibi- 
tion. Most  of  the  German  railway  companies  have  granted  a  reduction  in  the  rates  for 
transport  of  machines  to  be  sent  to  the  exhibition.  Forms  (which  must  be  filled  up  and 
sent  in  before  the  loth  of  June),  and  information  may  be  obtained  from  the  Secretary 
General. 

Ah-  Invention  in  Photographt  has  been  made  in  Berlin.  From  the  experiments 
of  Herr  Heckert,  it  will  be  possible  henceforth,  it  is  said,  to  burn  photograph  into 
glass.  Herr  Toclken,  the  secretary  of  the  Royal  Academy  of  Arts,  speaks  in  high  terms 
of  the  delicacv  of  the  shades  and  the  wonderful  effect  of  light  on  a  drawing  of  photograph 
correctness  and  abundanee  of  detail.  The  first  production  of  the  new  art  will  probably 
consist  in  transparent  pictures,  to  be  hung  up  against  the  window  panes. 

The  Alkali  Works  Regulation  Bill.— The  bill  introduced  by  Lord  Derby  has  been 
read  a  third  time  in  the  House  of  Lords.  The  title  and  provisions  of  the  bill  may  be 
shortlr  stated  as  follows  :— It  is  to  be  cited  as  the  "  Alkali  Act,  1863."  It  is  to  come 
into  operation  on  January  1, 1864.  The  term  "  alkali  work  "  is  to  mean  every  icork  in 
Khich  muriatic  acid  is  evolved.  Every  alkali  work  is  to  be  carried  on  so  as  to  ensure,  to 
the  satisfaction  of  the  inspector,  the  condensation  of  not  less  than  ninety-five  per  cent. 
of  the  muriatic  acid  evolved.  Any  less  condensation  than  this  will  make  the  owner  liable 
to  a  penalty  of  fifty  pounds  for  a  first  offence,  and  for  every  subsequent  offence  to  a 
penalty  not  exceeding  twenty  pounds,  nor  less  than  two  pounds,  for  every  day  the  offence 
continues.  All  alkali  works  must  be  registered,  and  every  change  of  ownership  must  be 
registered.  The  Board  of  Trade  is  to  appoint  inspectors  to  assigned  districts.  The  next 
clause  is  important,  as  showing  the  wish  of  Lord  Derby  to  ensure  fairness  in  carrying 
out  the  Act.  No  land  atrent,  nor  any  one  engaged  in  any  manufacture,  or  interested  in 
any  patent  in  or  according  to  which  the  decomposition  of  salt  or  the  condensation  of 
muriatic  acid  mav  be  effected,  shall  act  as  inspector  under  this  Act.  The  inspectors  may 
enter  works  at  all  reasonable  times,  day  and  night,  without  giving  notice,  but  so  as  not 
to  interrupt  the  process  of  the  manufacture,  to  see  that  the  provisions  of  the  Act  are 
carried  out.  The  owners  of  the  works,  upon  demand,  are  to  supply  the  inspector  with 
plans  of  those  parts  of  the  works  (to  be  kept  secret  by  the  inspector)  in  which  the  salt 
is  decomposed  and  the  muriatic  acid  condensed.  The  inspector  may  make  any  experi- 
ments to  ascertain  the  efficiency  of  the  condensing  apparatus,  and  the  owner  of  the 
works  is  t r,  jive  him  all  necessary  facilities  for  the  testing.  All  persons  obstructing  an 
inspector  or  refusing  to  give  bim'the  facilities  incurs  a  penalty  of  £10  for  every  offence. 
The  inspectors  are  to  report  to  Parliament  every  year.  Owners  of  works  may,  with  the 
sanction  of  the  Board  of  Trade,  make  special  rules  for  the  workmen  attending  to  the 
condensing  apparatus,  and  may  annex  penalties  to  the  violation  of  such  rules.  The  re- 
mainder of  the  Act  refers  to  the  recovery  of  penalties. 

Improved  Boring  Machin-ert.— The  improvements  which  form  the  subject  of  the 
invention  for  which  provisional  protection  has  been  granted  to  Mr.  James  Gilchrist,  of 
Glasgow,  have  been  designed  with  a  view  to  obtain  a  more  simple,  convenient,  and 
efficient  arrangement  of  the  parts  than  has  hitherto  been  adopted.  In  one  modification 
of  the  improved  eriL-ine,  the  principal  parts  are  fitted  upon  a  framing,  which  is  by  prefer- 
ence mounted  upon  wheels.  The  parts  comprise  a  steam  boiler,  winding  details  with 
actuating  cylinder  or  cylinders,  and  a  cylinder  for  imparting  the  required  reciprocating 
motion  to  the  boring  rods  ;  this  last  mentioned  cylinder,  which  may  be  fixed  or  oscillating, 
horizontally,  and  its  piston-rod  actuates  tin-  vertical  arm  of  a  bell  crank  lever 
centred  on  a  fulcrum,  "or  on  journals  at  a  higher  level  than  that  of  the  cylinder,  and 
having  its  other  arm  projecting  horizontally  outwards  over  the  bore,  and  being  con- 
nected to  tin-  boring-rods.  The  steam  may  have  access  to  both  sides  of  the  piston,  its 
action  'm  both  rides,  or  on  one  side  only,  being  regulated  by  a  suitable  valve,  actuated 
by  hand  <.r  bj  the  movement  of  the  piston-rod  itself;  or  the  steam  may  he  allowed 
toonh  the  piston.     The  arms  of  the  bell-crank  lever  need  not  in  all  cases  be 

at  right  ancles  to  each  other,  hut  may  in  some  cases  be  arranged  to  suit  a  diagonal  or 
Inclined  position  "t  the  actuating  steam  cylinder.  When  the  boring-rods  have  to  be 
drawn  out  of  the  bore,  the  bell-crank  lever  may  be  disconnected  and  turned  out  of 
the  way. 

Pktroi.eum.— The  importance  of  the  trade  in  petroleum,  or  American  oil,  continues  to 
increase  at  an  unprecedented  rate.  The  importations  into'Livcrpool  this  year  are  stated 
in  a  circular  ol  Mr.  Kacrae  to  bare  been  more  than  70,000  casks,  again  1  8000  casks  in 
(he  CO!  period  of  1802,  yielding  in  dock  and  town  dues  alone  nearly  £2000  for 

the  four  mm. 

Jade.— At  the  last  sitting  of  the  French  Academy  of  Sciences,  M.  Damour  described 
certain  differences  which  existed  between  green  and  white  jade,  a. well-known  mineral 
which  is  brought  over  from  Asia,  under  the  form  of  vases,  bracelet  ,  hilts  of  daggers,  &c., 
and  which,  according  toourauthor.lsa  kind  of  tremollte.  These  two  ipe  lea  of  fade  differ 
considerabl)  from  each  other;  the  density  "i  bae  whl  ff,  that  of  the 

green  sort,  334 ;  I  rather  harder,  a  little  more  tran  lightly 

allinc  structure;  i  plintery,  finely  lamellary,  and  at  times  somewhat 

ho  blow-pipe  I  a  transparent  glass,  while  white 

jade,  on  the  1 trary,  is  transformed  Into  ■  dull  white  enamel      Both  kin 

nitric,  hydrochloric,  and  sulphuric  acid  .     \  chemical  analysis  further 
that  wh  ially  formed  of  silica,  Ume,  andmagni   la,  and  therefoi 

Ihe  Amphibol  is,  while  gri  en  jadi  belong  1  to  thai  of  the  Werni  rite  ,anfl  the 

NAVAL  ENGINEERING. 

Tfik  Iron-Clad  Ki.pct.  -A  return  has  been  issued,  giving  the  nam  .  bouse 

power, numb  dimensions,  and  other  partionlan   "i  our  Iron-olads,  with  the 

ipeoted  t<i  be,  lam  of  the  Boating  bat- 

■  ,i  of  whii  b  arc   building  and 
launched  as  follows     -The   Valiant,  June,   1863      H  ,  Jul 

1,  August,    1  Alii    ' ,  / 

rthum- 
1.       I  he    :.  11    launched    are   the    Bi 

total  tonnage  of  th  17,  th  1  power 

11 1,  and  SOO-p  ■ 
Captai  1  !  thrci     the    /  rwi  .  .""I  WH 

power),  1  gum  ,  and  200  hoi  ■    1  owi  1 

n  mi. .1  with  the  tuirel    in    tti ,  I-  •  I'l  principle, 
There  0  batti  rii  i,  carrying  108  guns. 

'I'll  I    'I'll 1    rill     "  I'.i  •  1  I    Phis.  I."   I"  i  .    I'elin 

ami  bo  i'Ii  "ii  tin-  22nd  nit.    8I« 

power  at  the  measured  mile,  the  mean  speed  of  the  sli  runt  lie 

items  of  the  cngim  Imum,   .1  .  and  tb  The  load  on  the 

valve  was  -.Mb.,  and  the  Indicated  hoi    !  rha  ■  I r.iuu-tit  ..i  wal 

Ibrward,  and   27ft.  aft.    The  propeller  whs  u  Griffiths  M  24ft.  diameter,  281 

pitch,  and  Ift.  lOln,  length,    Two  runs  were  made  at  half  trailer  power    six  boilers,  the 


mean  speed  of  which  was  12"221  knots,  the  revolutions  of  the  engines  being  47.  The 
trials  of  steam  having  been  concluded,  the  ship  was  next  tried  in  making  circles  under 
full  steam.  With  a  starboard  helm  the  full  circle  was  made  in  10  min.  3  sec,  the  half 
circle  in  5  min.  20  see.,  the  angle  of  the  rudder  being  18  degrees,  with  two  turns  of  the 
wheel,  and  the  revolutions  of  the  engines  4S,  having  been  54  previously  to  commencing 
the  circle.  With  a  port  helm  the  full  circle  was  made  in  10  nun.  25  sec,  the  half  in  5  min. 
32  sec. ;  the  angle  of  the  rudder  was  22-i-  degrees,  the  turn  of  the  wheel  2-| ;  and  the  re- 
volutions of  the  engines  48.  There  were  in  both  instances  12  men  at  the  wheel.  The 
speed  attained  by  the  ship  was  about  one-tenth  of  a  knot  less  than  on  her  last  trial.  The 
time  occupied  in  making  the  circles  exceeds  the  average  of  our  ships  of  war.  She  is 
steered  by  a  screw  over  her  rudder-head,  but  the  lever  arms  of  the  screw  are  so  confined  in 
the  rudder-head  that  the  greater  the  angle  is  made  with  the  rudder  the  less  the  power  of 
the  steering  screw  becomes. 

The  "Emerald,"  31,  screw  frigate,  Capt.  A.  Cumming,  on  the  8th  ult.  made  her  fourth 
experimental  screw  trial,  at  the  measured  mile  in  Stokes  Bay,  near  Portsmouth.  The 
ship's  draught  of  water  was,  as  nearly  as  possible,  the  same  as  on  the  three  former 
occasions,  being  20ft.  9in.  forward,  and  21ft.  lOin.  aft.  The  wind  was  at  a  force  of  from 
2  to  3  from  the  south-east.  The  screw  used  on  this  occasion  was  one  of  four  blades,  the 
blades  being  set  at  equidistant  intervals  round  a  Griffiths  boss.  The  mean  of  six  runs 
made  gave  the  ship  a  speed  of  exactly  12  knots,  an  lextremely  satisfactory  [result,  and 
fully  confirming  those  obtained  with  the  same  description  of  screws  in  the  experimental 
trials  of  her  Majesty's  ship  Shannon.  In  fact,  it  may  be  stated,  that  the  four  trials  of  the 
Emerald  confirm  the  trials  made  with  similar  screws  in  the  Shannon,  and  that  so  far 
nothing  has  been  added  to  the  knowledge  we  already  possessed  on  theTsubjeet.  It  is 
expected,  however,  that  the  Emerald  will  conclude  her  scries  of  trials  with  the  leading 
corners  cut  off  her  four  and  six-bladed  common  screws,  and  with  a  two,  a  three,  and  a 
four-bladed  screw  of  the  Griffiths  pattern.  In  making  the  circles  on  this  occasion  at  the 
conclusion  of  the  six  runs  at  the  measured  mile,  the  Emerald,  with  the  helm  aport,  made 
the  circle  in  7  min.  and  9  sec,  the  angle  of  the  rudder  being  13J  deg.,  and  revolutions  of 
the  engines  53.  With  the  helm  a-starboard,  a  full  circle  was  completed  in  8  min.  and 
22  sec,  the  angle  of  the  rudder  being  14  deg.,  and  the  revolutions  of  the  engines  53i. 

The  "Curacoa,"  screw  frigate,  made  her  official  trial  of  speed  on  the  ISth  ult.,  at  the 
measured  mile  in  Stoke's  Bay.  Six  runs  were  made  at  the  mile  with  full  boiler  power, 
the  mean  speed  of  the  ship  being  10750  knots.  Four  runs  at  half-boiler  power  gave  the 
ship  a  mean  speed  of  8670  knots.  Circles  were  also  made  with  the  following  results  : — 
With  full  power: — Port  helm — The  halt  circle  was  made  in  3min.  31sec.  and  the  full 
circle  in  6min.  46sec,  the  angle  of  rudder  being  15  deg.,  the  turns  of  wheel  2?,,  and  the 
revolutions  of  engines  69J.  Starboard  helm— The  half  circle  was  made  in  3min.  8sec, 
and  the  full  circle  in  6min.  15sec,  the  angle  of  rudder  being  15  degrees,  the  turns  of 
wheel,  and  the  revolutions  of  engines,  68.  With  half  power  : — Port  helm — The  half 
circle  was  made  in  4  min.  7  sec.  ;  the  full  circle  in  8  min.  22  sec,  the  angle  of  rudder 
being  19J  degrees,  and  the  revolutions  of  engines  51.  With  half  power  :— Starboard 
helm — The  half  circle  was  made  in  3  min.  52  sec,  and  the  full  circle  in  7  min.  29  sec, 
the  angle  of  rudder  being  19$  degrees,  and  the  revolutions  of  engines  51.  The  ma- 
chinery, 350-horse  power,  by  Maudslay,  Field  and  Son,  gave  every  satisfaction  to  the 
officials  on  board  by  its  working. 

Pi.ATEn  Frigatus  fob  Turret.— Mr.  Tucker,  one  of  the  superior  officers  of  the 
shipwright's  department  of  Woolwich  Dockyard,  has  been  ordered  by  the  Board  of 
Admiralty  to  proceed  to  Glasgow  and  survey  the  frigates  (three  in  number)  under  1  <> 
Btruction  by  Messrs.  Napier  and  Co.  for  the  Turkish  Government.  The  frigates  .will  be 
built  of  iron,  of  the  Warrior  class.  Two  of  the  number  are  alreaday  somewhat 
advanced. 

Ventilation  of  the  Ikon-Clars.— Inconsequence  of  the  great  success  which  has  at- 
tended the  newly-invented  ventilating  arrangements  on  board  the  iron-chid  screw  frigate 
Royal  Oak,  35,  Capt.  Campbell,  fitting  for  sea  at  Chatham,  the  Lords  of  the  Admiralty 
have  decided  on  introducing  a  similar  system  on  board  the  other  vessels  composing  the 
squadron  of  armour-plated  steamers.  Orders  have  accordingly  been  received  at  Chatham 
dockyard  for  one  of  the  officials  from  Dcvonport  dockyard  to  proceed  to  Chatham  for 
the  purpose  of  obtaining  a  knowledge  of  what  has  been  done,  with  a  view  to  their  being 
applied  to  tie-  armour-plated  frigate  Ocean,  recently  launched  at  Devonpoxt,  Ihe 
system  of  ventilation  carried  out  in  the  /,'„/,,'  Oak  Is  from  a  plan  submitted  to  the 
Admiralty  bv  Capt.  Fanshiiwc,  superintendent  of  Chatham  dockyard;  the  engine-room 
and  stokeholes  being  ventilated  according  In  the  manciples  laid  down  by  .Mr.  linker,  in- 
spector of  machinery,  and  the  chief  of  the  engineering  department  at  Chatham, 

A  Xewi.y-ini  1  stii)  Electro  Machine  Coating  is  about  to  be  applied  to  the  plates 
of  the  iron-cased  steam-frigates  Gloire  ami  Invincible,  It  appears  that  this  new  compo- 
sition ha'i  been  found  to  be  very  succe  sfulin  the  preservation  01  metals.  The  Minister 
of  Marina  has  addressed  a  despatch  to  the  several  Port   Admirals.  Instructing  them  to 

send  a  number  of  shipwrights  to  Paris,  to  be  instructed  in  the  preparation   of  this  new 

composition. 

N  v\  The  following  appointments  have  taken  place  since  our  last,3- 

\  tin."  chief  Engineer;  P.  tt. Herring,  Engineer, J.  lonblerand  T,  t'.irlinc, 
First-da      Usist.  Engineers,  and  M     £    itt,  E.  .1.  Humphreys,  and  T,   W.   11.   Ramie) 
Engli  .-  W.  1'.  lie,  1 

J.  Blight,  acting  Engin  3        1  ,       Chief 

Engineer,  X  Hill,  E  nd,  acting  Engineer,  A.  Hurt  ill.  J.  Clark  and  II. 

I  inn,  ,11,  acting  Engineers,  and  H.  W.  Boss,  and  W.  Ambler,  acting  Assist.  Engineer!  t" 
the  /''■  \al  0  I  Assist.  1  Bu|  ■  rnumi  1 

I!.  Willi  I  md  C.  B.  i.a.v.  11.  .1.  Wilson,  J. 

II.  1  1,  and  v\ .  Hallowi  II,  H,  C.  Ji 

Engin/  or  to  1 1  I  n),  Fl 

tnth'   Pantalooi  ;  C.  U.  l-class  A  .  to  the  Black  I' 

.iiernry  111  the   Indut,   proraoh  d  to  1  ;   A. 

H'lnm     Chief  1  J    II  ■     .  '        ■  for  hospital 

1  II      \     Henri. 

ainHi.  Thuiii  ir  the  Tilbury  and  SigktingaU  n 

1  1  he. /.I. '',///, 

.1.  r.  11  .  \\ .  m  Gli  P    1  lion  p  on,  ol  the 

dT.         (  .  nt'  the   I'r 

B     I.. 

• .    M      iiiiinl.,  ..I   the    //,/',  h  I  .!,,  c. 

sing, 

in  the    I"  '  l"i  the  Foam,  pr ■ 

ible  and  J.  B 

.1.  Mali.    •  •  .    P.  Ililllcr.    II.    U  ooley,    ami 

i'.  .1.  In.  her.  Englnci  1  ■ .  to  the  Columbine,  A  •  .,i,,i. 

'      1      M    -I.  .ami  K.  Mi, 

anil   E.  Ws  Ui  the 

1:    -   1        '.       '     Engineer  !■•  tin    1/                      P  Colquhoan  aud  J.  Green, 

■  .-.'  md]  \\    11    s'.  [|,  \  Una  Ch                    ,  1 .  .-. 

■  .re,   lirst-eia- A                       ,  and  H.  White  (B)  irinocr 
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to  the  Cossack ;  E.  J.  Murphy,  First-class  Assist.  Engineer  to  the  Edinburgh  ;  J.  A.  Cooke 
Acting  Second-ciass  Aasist.  Engineer  to  the  Fire  Queen ;  J.  Ward  Chief  Engineer,  D.  A. 
Campbell  First-class  Assist.  Engineer,  W.  Harwood  Acting  First-class  Assist.  Engineer, 
and  T.  J.  Andrewortha,  Acting  Second-class  Assist.  Engineer  to  the  Bsk ;  G.  Weeks  Chief 
Engineer  to  the  Majestic  ;  E-  Daniels  Engineer  to  the  Cumberland  from  the  Salami*;  E. 
Judge  First  class  Assist.  Engineer,  and  F.  Smiley  Second-class  Assist.  Engineer  to  the 
Cockatrice  R.  H.  Trubshaw  Acting  First-class  Assist.  Engineer,  additional  to  the  Cumber- 
land, for  the  Louisa;  D.  B.  Keiller  Second-class  Assist.  Engineer  to  the  Caracoa;  R. 
Sutherland  Second-class  Assist.  Engineer  to  the  Miranda. 

MILITARY  ENGINEERING 

Experiments  at  Shoebubtness. — These  experiments  took  place  on  the  27th  of  April 
last.  The  target  fired  at  was  constructed  at  the  Millwall  Ironworks  from  the  designs  of 
Mr.'  Chalmers.  The  target  was  13  feet  long  by  10  feet  broad,  faced  externally"  with 
hammered  armour-plates  3Jin.  thick.  Behind  these  were  laid  longitudinal  teak  beams 
lOin.  wide  by  about  5in.  deep,  a  web  or  flange  of  wrought-iron  fin.  in  thickness  passing 
between  each  beam,  and  being  rivetted  to  a  plate  ljin.  in  thickness  at  the  back.  Behind 
this  plate  again  came  another  pad  of  teak  Sin.  thick,  which  rested  against  the  skin  of  the 
ship— the  same  thickness  as  that  of  all  our  ironclads,  fths  of  an  inch,  and  behind  this 
were  the  usual  upright  beams  or  iron  ribs  of  the  vessel.  Thus  it  will  be  seen  that, 
though  the  target  was  apparently  a  light  one  trom  its  external  plates  being  only  3Jin. 
thick"  yet  in  reality  it  had,  after  all,  5in.  of  iron  in  it,  with  16in.  of  teak,  exclusive  of  the 
longitudinal  cellular  iron  webbing  we  have  mentioned  between  the  teak  beams,  which, 
though  not  nominally  called  upon  to  resist  the  shot,  yet,  in  truth,  aided  the  resistance 
enormously,  by  distributing  the  force  of  the  concussion  and  giving  great  stiffness  to  the 
whole  structure.  The  trial  to  which  this  target  was  subjected  was  precisely  similar  to 
that  heavy  ordeal  which  the  Warrior  target  had  to  go  through  on  the  occasion  of  its 
dibut  at  Shoeburyness.  The  number  of  rounds  fired,  the  guns,  charges,  and  missiles  were 
precisely  the  same  on  both  occasions ;  but,  as  the  target  of  Mr.  Chalmers  was  nearly 
one-third  smaller  than  that  of  the  Warrior,  the  experiment  was  obviously  more  severe 
for  the  smaller  target,  as  the  fire  had  to  be  more  concentrated  The  trials  were  gradually 
progressive  in  their  attacking  force  from  low  charges,  and  shells  filled  with  sand,  up  to 
solid  68-pounders,  fired  with  the  full  service  charges ;  200-pounder  solid  cast-iron  shot 
fired  with  low  charges,  then  fired  in  salvoes  of  three  at  a  time ;  and,  lastly,  simultaneous 
salvoes  of  three  110-pounders  and  two  68-pounders  fired  with  full  charges  and  solid  shot. 
The  live  shell  and  shell  filled  with  sand,  as  usual,  effected  very  little,  nor  did  the  110- 
pounder  with  101b.  charge,  nor  the  200-pounder  with  a  101b.  charge  do  much  more.  The 
lower  armour-plate  of  the  three  which  composed  the  target  was  decidedly  inferior  to  the 
two  upper  ones,  and  cracked  badly  early  in  the  day.  The  method  of  fastening  on  the 
plates  by  2^in  bolts,  with  stopped  conical  heads  and  a  square  thread,  contrary  to  general 
expectation,  seemed  to  work  admirably.  Partly  from  the  resistance  offered  by  thesebolts, 
and  partly  from  the  force  of  the  concussion  itself  being  so  deadened  and  distributed, 
there  was  very  little  buckling  out  of  the  ends  of  the  plates  when  struck  even  by  the 
heaviest  missiles.  The  dints  in  the  armour  plates  made  by  the  shot  varied  according  to 
the  weight  of  the  projectile  when  rifled,  and  in  no  case  were  much  to  speak  of.  The  68- 
pounders,  as  usual,  left  a  severe  mark,  in  some  instances  nearly  three  inches  deep.  The 
salvoes  of  the  two  68-pounders  and  three  110's  were  a  severe  trial.  The  five  shots  were 
concentrated  on  one  spot,  and  struck  with  a  terriffic  crash,  splintering  themselves  to 
fragments.  The  main  side  ofthe  backing— the  skin  of  the  ship,  in  fact— had,  up  to  this 
time,  been  carefully  examined  after  each  discharge ;  for  on  the  integrity  of  that  under 
any  fire  depended,  in  fact,  the  success  of  the  construction  of  the  target.  It  had,  hpw- 
ever,  shown  no  sign  of  yielding.  Some  three  or  four  of  the  small  rivet-heads  had  been 
jumped  off,  with  one  or  two  small  bolts,  and  there  was  a  just  perceptible  deflection  of  one 
or  two  ribs  where  great  strains  had  come,  but  this  was  all.  The  armour-bolts  all  held 
firm,  and  the  back  of  the  target  showed  no  sign  that  it  had  ever  been  fired  at.  One  of  the 
armour  bolts  was  struck  and  the  head  knocked  off  at  the  back,  and  the  ribs  gave  tokens 
of  distress,  but  beyond  this  it  was  perfectly  astonishing  to  see  how  well  the  target  with- 
stood the  five  ponderous  missiles.  The  worst  and  most  dangerous  parts  of  the  programme 
had  been  borne  by  the  target  with  impunity,  and,  as  it  was  wished  to  see  how  the  back- 
ing would  break,  if  it  could  be  broken,  Mr.  Chalmers  was  asked  to  permit  the  300-poun- 
der  rifled  Armstrong,  loaded  with  its  formidable  steel  shot,  to  be  used  against  it.  The 
300-pounder  was  accordingly  loaded  with  a  451b.  charge,  and  sent  its  projectile  com- 
pletely through  the  target,  leaving  a  large  and  ragged  hole,  though  not  so  ragged  as  the 
same  shot  would  have  made  in  passing  through  armour  plates  backed  up  by  teak  in  the 
common  fashion.  This  destructive  shot  brought  the  experiments  to  a  a  close,  the  result 
of  them  being  undoubtedly  in  favour  of  Mr.  Chalmers's  system  of  backing  the  plates, 
which  is  much  superior  to  the  plans  adopted  either  with  the  Warrior  class  of  vessels  built, 
or  the  Minotaur  class  now  building. 

.Testing  Aemoub  Plates  at  Portsmouth.  —  A  testing  of  armour  plates  on  the 
Powerful,  old  sailing  line-of-battle  ship  took  place  on  the  21st  ult.  The  plates  tested 
comprised  one  rolled,  from  Messrs.  John  Brown  and  Co.,  Sheffield,  15ft.  in  length,  3ft. 
Sin.  in  width,  and  5in.  in  thickness.  The  Thames  Ironworks  sent  two  hammered  plates 
of  about  the  same  dimensions  as  Messrs.  Brown's  The  Mersey  Works,  Messrs.  Clay  and 
Horsfall's  sent  two  hammered  experimental  charcoal-iron  plates  of  about  5ft.  by  3ft.  3in., 
and  Sin.  in  thickness ;  and  the  Millwall  Ironworks  sent  three  of  nearly  the  same  dimen- 
sions, two  ofthe  three  being  rolled  iron,  and  the  third  of  steel.  The  practice  was  made  as 
usual,  under  the  superintendence  of  Capt.  R.  S.  Hewlett,  C.B.,  with  a  95cwt.  68-pounder 
gun,  and  the  distance  was  200  yards.  Messrs.  Brown's  plate  ^received  nine  shot  in  one 
third  of  its  length.  One  of  the  Millwall  iron  plates  received  eight  shots,  and  the  other 
seven.  One  of  the  Thames  plates  received  eight  shots,  three  overlapping  each  other, 
and  four  others  being  edge  blows.  All  thess  plates  were  more  severely  .tested  than  was 
the  5^-inch  French  plate  that  was  recently  tried  at  Portsmouth,  and  all  passed  the  tests 
with  considerably  less  injury  to  the  metal  than  was  inflicted  on  that  plate.  The  second 
plate  of  the  Thames  Company  was  not  of  quite  so  good  a  quality  as  the  first  named,  and 
the  experimental  steel  plate  of  the  Millwall  Company  broke  up  under  the  first  shot.  The 
The  two  plates  manufactured  by  the  Mersey  Company  were  also  easily  broken  up  by  the 
shot.  It  is  necessary  to  state  with  regard  to  these  two  plates  that  the  Mersey  Company 
manufactured  them  at  the  request  of  a  company  in  the  iron  trade,  having  a  peculiar  kind 
of  charcoal  iron,  which  they  thought  very  suitable  for  armour  plates,  and  which  they 
desired  to  be  tested.  The  result  has,  however,  proved  it  to  be  utterly  unfit  for  the 
purpose. 

A  Miniature  Breech-loading  Cannon  upon  a  new  principle,  the  invention  of  Mr. 
L.  W.  Broadwell,  of  New  Orleans,  U.S.,  was  proved  on  the  22nd  ult.  at  the  experimental 
ordnance  range  at  Woolwich,  in  the  presence  of  the  Select  Committee  of  Woolwich 
Arsenal,  and  gave  satisfactory  results.  The  chief  recommendations  of  the  new  gun  are 
the  remarkable  simplicity  of  its  breech-loading  arrangements,  and  the  solid  and  substan- 
tial method  on  which  it  appears  to  be  constructed,  as  proved  by  its  resistance  of  the 
severe  test  to  which  it  was  subjected  on  trial.  The  gun  is  on  a  small  scale,  for  experi- 
ments only,  and  when  brought  out  on  larger  dimensions  will,  as  stated,  prove  a  most 
serviceable  weapon.  No  training  is  required  to  initiate  the  gunner,  the  method  of  loading 
being  simply  the  removal  and  replacing  of  a  small  block  of  iron  for  the  introduction  of 
Hie  charge.  There  is  a  self-acting  expanding  ring,  which  serves  to  seal  the  breach  her- 
metically at  the  moment  of  discharge,  and  which  does  not  impede  the  movement  of  the 
vent-piece.  The  projectile  invented  by  Mr.  Broadwell  to  be  used  with  the  gun  is  an 
elongated  shot,  and  is  simple  and  plain  in  construction. 


STEAM  SHIPPING. 

«  T5IuL  ?J  ^Anglo-Chinese  Despatch  Boat.— A  very  interesting  trial  took  place  on 
the  6th  ult.  at  the  measured  mile  in  Stokes  Bay,  near  Portsmouth,  of  the  new  paddle- 
wheel  steamship  Kiang-Soo,  built  by  Mr.  John  White,  of  West  Cowes,  for  the  Emperor 
ot  China.  This  vessel  is  built  on  a  diagonal  principle.  Her  length  is  241ft.,  breadth  29ft  • 
depth,  15ft.  3in. ;  and  tonnage,  builders'  measurement,  1000  tons.  She  is  fitted  with 
oseilating  engines,  constructed  by  Messrs.  C.  A.  Day  and  Co.,  of  the  Northam  Ironworks  at 
Southampton,  and  has  patent  feathering  paddlewheels.  The  diameter  of  the  cylinders  is 
68m.,  with  5ft.  stroke,  and  the  velocity  of  the  piston  at  full  power  450ft.  per  minute, 
ihc  Kiang-Soo  left  the  Southampton  Docks,  where  she  received  her  engines  and  machi- 
nery on  board,  and  steamed  rapidly  to  Stokes  Bay,  where  she  was  at  once  placed  on  the 
mile,  and  the  result  of  four  runs  was  as  under:— First  run,  3  min.  59  see.,  equal  to  15-063 
knots  per  hour ;  second  run,  3  min.  8  sec,  equal  to  19149  knots ;  third  run,  4  mins  4  sec 
equal  to  14754  knots;  fourth  run,  3  mins.  15  sec,  equal  to  18462  knots:  the  Admiralty 
mean  of  the  whole  being  16-903  knots,  or  19|  statute  miles  per  hour.  Revolutions  of 
engines,  4a ;  pressure  of  steam,  271b. :  vacuum,  26in.  The  engines,  which  are  of  300 
nominal  horse  power,  worked  up  to  2,279.  being  over  1\  times  their  nominal  power  The 
vessels  mean  draught  of  water  was  9ft.  3in.  At  her  highest  rate  of  speed  there  was 
scarce  any  perceptible  vibration,  the  machinery  working  with  the  greatest  freedom  and 
she  steered  very  easily.  The  boilers  gave  out  an  unlimited  quantity  of  steam  during  the 
day.  After  the  four  runs  were  completed  the  vessels  head  was  put  to  the  eastward?  and 
she  ran  rapidly  through  Cowes  Roads,  down  the  Solent,  to  the  Needles,  subsequently  re- 
turning  to  Stokes  Bay  for  a  trial  of  her  speed  at  half  power.  With  only  two  boilers  at 
work  she  traversed  the  mile  in  4  min.,  or  15  knots  per  hour,  and  a  second  time  in  4  min 
27  sec  or  13-483  knots,  the  mean  of  the  two  being  14-241  knots  per  hour,  with  the  exercise 
ot  only  half  her  steaming  power;  revolutions,  33;  steam,  201b. ;  vacuum,  27in.  With  such 
extraordinary  results  as  these,  the  Kiang-Soo  was  unanimously  pronounced  by  all  the 
naval  and  scientific  authorities  present  to  be  one  of  the  fastest  vessels  afloat  The  Kiana- 
Soo  is  intended  as  a  despatch-boat  for  the  Chinese  navy,  for  the  special  personal  use  of 
Captain  Sherard  Osborne,  the  commander-in-chief  of  the  Anglo-Chinese  exoedition. 

t  ,Th?  "5kighton>,"  paddle-wheel  steamer,  belonging  to  the  Weymouth  and  Channel 
Islands  Company,  having  had  new  boilers  and  superheating  apparatus  fitted  to  her 
underwent  a  trial  at  the  measured  mile,  at  Stokes  Bay,  on  the  8th  ult.,  when  her  speed' 
was  found  to  average  13  knots,  or  15  statute  miles  per  hour.  The  trial  was  pronounced 
in  every  way  satisfactory.  r 

The  Esplobatore— On  the  second;trial  ofthe  Royal  Italian  despatch  vessel  Fsploratore 
built  by  Messrs.  Wigram,  and.  fitted  with  engines  of  350-horse  power  by  Messrs  John 
Penn  and  Son,  which  took  place  recently,  the  speed  was  greater  than  on  the  former 
occasion.  It  was  17'26  knots,  a  gain  of  rather  more  than  a  quarter  of  a  knot  or  20 
statute  miles  per  hour.  The  engines  worked  up  to  seven  times  their  nominal 'horse 
power.  With  less  than  half  the  power  ofthe  Holyhead  boats  the  Fsploratore  attained  a 
greater  speed. 

Steamship  Building  on  the  Clyde.— Messrs.  Tod  and  M'Gregor  have  entered  into 
a  contract  to  build  a  screw  of  3000  tons  for  the  British  and  North  American  Royal  Mail 
Steam  Navigation  Company.  The  vessel,  which  will  rank  with  the  Scotia,  Persia,  &c  is 
to  be  named  the  Cuba.  The  Artibonite,  just  completed  by  Mr.  Seath,  for  the  Socie'te' 
Aceeie>ee  d'Haiti,  has  made  a  trial  trip  at  the  measured  mile  on  the  Gareloeh  She  is  of 
250  tons  register,  with  engines  of  50-horse  power,  capable  of  working  up  to  150-horse 
power  effective;  and  at  her  trial  she  attained  a  mean  speed  of  11  miles  per  hour  beingone 
mile  above  the  rate  specified  in  the  contract,  although  the  up  runs  were  made'a<»ainst  a 
gale  of  wind  with  the  screw  only  partly  immersed.  Messrs.  Scott  and  Co.,  of  Cartsdyke 
have  launched  a  screw  of  530  tons,  named  the  Vartry,  now  being  fitted  with  engines  of 
80-horse  power  by  the  Greenock  Foundry  Company.  She  has  been  designed  specially  for 
the  transport  of  machinery  and  heavy  eastings. 

LAUNCHES  OF  STEAMERS. 

Launch  of  an  Iron-cased  Battert  for  the  Russian  Government.— The  launch 
of  the  Russian  iron-cased  battery  Pervenetz  took  pace  on  the  18th  ult.,  at  the  Thames 
Ironworks  and  Shipbuilding  Yard,  Blackwall.  The  Pervenetz  is  a  remarkable  iron-cased 
ship.of  the  following  dimensions  and  tonnage:— The  length  between  perpendiculars  is 
220ft. ;  the  length  of  keel  for  tonnage,  188ft. ;  the  breadth  for  tonnage,  53ft. ;  the  depth  of 
hold,  26ft. ;  and  the  burden,  2811  tons.  In  other  words  the  length  of  the  Pervenetz  is 
only  equal  to  four  times  the  breadth ;  while  our  Monitaim  and  Warriors  are  in  length 
something  like  seven  times  her  breadth.  This  is  one  ofthe  points  that  distinguish  the 
Pervenetz  from  the  iron-cased  ships  we  are  constructing  and  converting.  Another  equally 
important  point  is  that  the  sides  of  the  Pervenetz  are  inclined  at  an  angle  of  27  de°rees 
from  the  vertical ;  and  the  stem  and  stern,  instead  of  projecting,  as  usual,  above  the 
load  water-line,  recede  so  as  to  relieve  the  ship  from  all  possible  top  hammer  at  the 
extremities.  Above  the  water,  therefore,  the  Pervenetzis  a  ship  constructed  on  the  Jones' 
angulated  principle,  and  not  only  are  the  sides  angulated,  but  so  are  the  extremities  fore 
and  aft.  In  such  a  structure  there  is  considerable  un6ightliness  at  launching,  but  it 
will  entirely  disappear  with  the  immersion  consequent  on  completing  the  armour'nlatin" 
the  rigging,  and  the  shipping  of  the  armament  and  service  stores.  There  is  great 
displacement,  light  draft  of  water,  top  hamper  reduced  to  a  minimum  by  the  sloping 
sides,  and  fore  and  aft  fire,  from  the  bow  and  stern,  on  a  line  with  the  keel.  The  engines 
by  Messrs.  Maudslay,  Sons,  and  Field,  are  of  300-horse  power,  capable  of  being  worked' 
to  500-horse  power,  so  as,  under  favourable  circumstances,  to  secure  a  speed  of  9  to  10 
knots  an  hour,  or  from  11  to  12  statutes  miles.  The  armament  on  the  main  deck  will 
consist  of  28  68-pounders,  or  guns  of  greater  calibre  should  such  be  desired;  and  on  the 
upper  deck  there  will  be  mounted  four  large  pivot  guns,  We  have  given  at  another  pa»e 
illustrations  and  further  descriptive  particulars  relative  to  this  vessel. 

Launch  of  an  Iron-clad  for  Denmark.— The  BolfKrake,  a  cupola  screw  armour- 
clad  man-of-war,  built  for  the  Danish  navy,  was  recently  launched  from  the  buildin"-yard  of 
Messrs.  R.  Napier  and  Sons,  on  the  Clyde.  Her  dimensions  are— length  over  all  185ft  ■ 
breadth,  38ft.;  depth,  14Jft.;  engines,  240-horse  power;  tonnage,  1,246  tons.  She  is  com- 
pletely armour-clad  from  stem  to  stern,  the  plates  extending  for  some  distance  below  the 
water  line.  Her  armour  plates  are  4£in.  in  thickness,  increasing  to  7\m.  at  the  port- 
holes, with  a  backing  throughout  the  hull  of  9in.  of  teak.  The  cupolas  or  towers  are 
built  of  plates  outside,  fixed  on  T-iron,  and  backed  by  19in.  of  teak,  the  plates  bein<* 
4Jin.  thick.  These  cupolas  project  4Jft.  above  the  upper  deck,  and  are  214ft.  in  diameter. 
They  revolve  on  the  lower  deck,  on  which  the  gearing  rests,  and  where  they  are  easily 
turned  either  from  the  inside  or  from  the  outside.  Her  armament  will  consist  of  four 
68-pounder  guns,  two  in  each  tower,  being  worked  inside  and  pointed  by  a  gunner,  who 
will  take  aim  from  a  manhole  in  the  grated  roof.  The  same  principle  to  ensure  great 
strength  has  been  carried  out  in  building  the  Kolf  Krake  as  in  the  Black  Prince  and 
Sector. 

Launch  of  the  "  Salamis." — This  vessel,  designed  by  the  master  shipwright  at  Chat- 
ham, Oliver  W.  Lang,  Ksq.,  was  successfully  launched  from  Chatham  Dockyard,  on  the 
19th  ult.  The  Salamis  was  laid  down  August  10,  1861;  she  is  built  upon  the  diagonal 
system,  the  wood  used  being  mahogany,  and  it  is  calculated  she  will  be  one  ofthe  fastest 
steamers  in  the  Royal  Navy.    Her  principal  dimensions  are— Length  between  perpen- 
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dictilars,  228ft.  overall;  breadth,  extreme,  28ft.  2in.;  depth  of  hold,  14ft.  6in. ;  burden  in 
tons,  834  50-91 ;  horse-power,  250 ;  she  will  carry  two  guns.  The  machinery  is  to  be  sup- 
plied by  Messrs.  Eavenhill,  Salkeld,  and  Co.  On  the  Salamis  being  brought  up  alongside 
the  Adder,  her  draught  of  water  was  found  to  be  forward,  4ft.  3in.,  and  aft.  4ft.  6in. 

The  '■  Lord  (Sough"  was  launched  from  the  yard  of  Messrs.  Caird  and  Co.,  on  the 
2nd  ult.  She  is  the  property  of  the  Dublin  and  Glasgow  Steam  Packet  Company.  Her 
dimensions  are  :— Length,  230ft.  ;  breadth,  26ft.,  and  depth,  74ft.  9in.  She  will  be  pro- 
pelled with  oscillating  engines  of  350-horse  power. 

TELEGRAPHIC  ENGINEERING. 

Telegraphic  Communication  with  Australia— Two  projects  are'inthe  field  for  con- 
necting Australia  with  Java.  It  is  proposed  to  lay  the  cable  on  the  north-west  of  Australia, 
on  the  shores  of  the  Gulf  of  Carpentaria,  or  to  take  it  round  to  Brisbae,  the  capital  of 
Queensland.  At  this  point  the  cable  would  be  in  communication  with  the  existing 
intercolonial  lines ;  and  New  South  Wales,  Victoria  and  South  Australia  would  be  thus 
brought  into  connection  with  the  countries  of  the  old  world.  The  cost  of  laying  the  line 
from  Java  to  Queensland  is  estimated  at  41,000,000,  but  from  Java  to  the  north-west  a 
cable  could  be  laid  for  & 243,000.  Considering  the  many  risks  to  which  the  submarine 
cables  are  exposed,  und  the  uncertainty  of  their  action ,  their  can  scarcely  be  a  doubt  as 
to  the  policy  of  selecting  the  cheaper  route.  The  cost  of  such  a  land  line  has  been 
estimated  at  £120  per  mile,  or  fcr  the  whole  distance  from  the  north-west  coast  to  Ade. 
laide  a  sum  of  £177,000,  which  would  make  together  a  sum  of  420,000,  as  the  cost  of  the 
complete  system  from  Java  to  Adelaide. 

RAILWAYS. 

Pabis,  Lyons,  and  Mediterranean  Railway. — It  appears  that  in  the  course  of  1869, 
the  administration  devoted  to  ihe  traffic  service  106  new  locomotives  with  tenders,  of 
which  six  only  were  for  the  transport  of  passengers,  the  remaining  100  being  required 
for  goods.  The  rolling-stock  of  the  company  was  also  increased  last  year  by  104  passen- 
ger carriages,  and  5611  goods  trucks  of  various  models,  principally,  however,  coal  trucks. 
The  orders  now  i:i  course  of  execution,  and  which  will  be  carried  on  in  whole  or  in  part 
in  1863,  are  111  locomotives  and  tenders,  190  passenger  carriages,  and  1700  goods  trucks. 
A  part  of  this  plant  is  constructed  in  the  company's  own  workshops  at  Ouillens.  The 
traffic  of  this  system  is  immense.  The  receipts  are  now  close  upon  £130,000  per  week, 
and  there  can  be  little  doubt  that  the  revenue  for  1863  will  approach,  if  indeed  it  does 
not  exceed,  a  total  of  £6,500,000  In  1862,  the  receipts  increased  £400,000  as  compared 
with  1861 ;  and  in  1861,  they  advanced  £1,000,000,  as  compared  with  1860. 

The  Sooth  Austrian  and  Lombardo-Venetian  Kailway. — This  great  work  now 
includes  1482  miles,  and  440  miles  more  are  yet  to  be  completed.  The  company  carries 
on  a  foundry  ot  its  own  at  Gratz,  and  makes  all  its  own  rails  and  other  heavy  ironwork 
at  a  very  reasonable  cost.  On  the  Venetian  lines  all  that  remains  to  be  constructed  are 
the  station  at  Venice,  the  bridge  over  the  Piava,  and  the  line  from  Padua  to  Kovigo. 
The  whole  of  the  Lombard  lines  will  be  at  work  this  year  with  the  exception  of  the  short 
piece  from  Gallaratta  to  Calendo,  which  will  be  completed  in  the  spring  of  1864.  As  to 
the  Central  Italian  branch,  the  second  section  istobe  opened  in  the  course  of  the  autumn, 
and  the  remainder  in  the  autum  of  1364.  The  total  traffic  receipts  amounted  for  the  year 
1862  to  £2,621,024;  the  expenses  to  £991,625,  showing  a  surplus  of  £1,629,399,  being  an 
augmentation  over  the  receipts  of  1861  of  £72,670.  Adding  the  surplus  to  the  balance 
from  the  preceding  year  and  the  interest  on  investments,  the  available  sum  will  be 
£1,749,439,  out  of  which  the  allowance  for  the  sinking  fund  and  interest  on  the  loans 
must  be  deducted,  leaving  a  balance  equivalent  to  a  dividend  of  34s.  per  £20  share  for 
the  year  1862.  The  total  capital  received  to  the  31st  of  December  last,  amounts  to 
£26,160,000;  three-fourths  of  the  company's  lines  have  been  opened  for  traffic;  a  divi- 
dend at  the  rate  of  10  per  cent,  per  annum,  on  the  average  has  been  distributed  during 
the  past  four  year-:  among  the  shareholders,  and  the  interest  on  loans  has  been  paid  out  of 
the  profits  of  working  the  Open  portions  of  the  lines  in  course  of  construction;  the  profits 
on  exchanges  and  thi  Interests  on  investments,  with  the  exception  of  about  £800,000 
which  was,  as  usual,  charged  to  capital,  being  only  about  3  per  cent,  of  the  total  expendi- 
ture on  capital  account. 

Eastern  of  France  Kaii.way  Company.— At  the  close  of  the  year  1862,  the  rolling 
stock  of  this  company  comprised  61 1  locomotives  Of  various  systems,  501  ordinary  ten- 
ders, 25  tenders  on  the  Engorth  principle,  1582  passenger  carriages,  11  Imperial  carriages, 
and  11,190  trucks  of  various  descriptions,  Thi-  stock  was  increased  last  year  by  the 
delivery  of  313  additional  goods  trucks.  The  administration  has  ordered  21  locomotives, 
12  tenders,  and  M  tracks,  which  will  be  delivered  in  the  coarse  of  the  present  year. 

Iuphovkmknts  i "<  Railways. — A  new  economic  permaueul  way,  designed  by  Mr.  G. 
P.  Griffin,  is  attracting  attention.  The  sleepers  are  made  of  currugated  cast-iron,  and 
tlic  cost  per  mile  is  stated  at  £1246  against  £1806,  or  £1841,  under  the  existing  systems. 
Apart  from  saving  in  annual  malntenani  e,  Messrs.  Ilrassey,  lietts.Trevclliick,  and  others 
have  given  very  favourable  opinions  of  Its  qualities,  and  an  experimental  portion  laid 
down  at. out  1.'.  months  ago  on  the  Great  Northern  line  is  stated  to  have  shown  most  sat- 
isfactory reside:. 

,\i:w  Railway  IB  RUSSIA.— II  i-  understood  that  a  new  railway  line,  in  connection 
witli  the  Riga  and  Dunaberg  lines,  isaboal  to  be  brought  out,  with  a  capital  of  £2,600.000. 

New  Railway  Cabbiages  im  I'hanch.— A  trial  la  being  made  on  tin-  Eastern  Railway 
ot  some  new  carriages  which  will,  it  is  expected,  remedy  many  inconveniences  long  com- 
plained of.  A  passage  in  tin-  centre  communicating  witli  one  compartment  to  another 
enables  tin:  railway  officials  to  see  what  is  going  on  daring  tin-  progress  of  the  train,  and 
allows  the  passengers  to  freely  move  about  from  one  end  of  the  carriage  to  the  other.    A 

platform  or  balcony  for  smokers  is  pla i  ;ii  one  end.    Ventilators  arc  also  Hied,  which 

cambe  opened  or  shut  at  pleasure  so  as  to  give  a  supply  of  fresh  air.  Tin'  new  plan 
appears  to  present  the  following  advantages — security,  facilities  for  smoking  without 
annoyance  to  anyone,  and  exemption  from  danger  of  tire,»as  Ihe  carriage  i  i  constructed  of 
sheet-iron. 

Russian  Railways. — II  la  now  ondet  I  iod  that  a  new  Russian  railway  line,  in 
connection-:  and  Dunabui  to  be  brought  about,  with  a  oapttal  of 

£2,600,000. 

I'm.  Huoim:  Ghaut  [jroinri.— The  construction  of  the  Bhore  Ghaut  Incline,  now 
completed,  has  occupied  more  than  seven   fears,  and  during  the  greater  "part  of  that 

time  there  have  hero  15,000  workmen  daily  employed  upon  It,     The  neliue  in  ■  series  of 

tunnels  through  mountains  of  rock,  and  viaducts  stretching  across  valleys,  alternating 
with  each  other,  each  part  a  triumph  of  mo. inn  icience  and  skill  j  the  nsembU,  itapen- 

dons    i"  nagnitude  ami    Stability.     Bome  of  the  grandest    embankment-. 

have  turn    raised    up   within    the    list    tew   months    some,   in   lad    »erj    r ntly. 

These  necessarily  require  heavy  rains  to  settle  and  aoldlfj  them.     Is  a  matt 

they  will  sink  many  feet  in  the  next  rains.  This  will  render  tin-  use  ol  the  Incline 
Impossible  doling  the  first  mOnSOOn,  Until  the  rain  actually  bllS,  however,  any  amount 
of  traffic  may  safely  flow  up  anil  down  the    line,  and  alter    iho  approaching   ratO 

serious  Interruptions,  will  occur  on  tin-  Incline.    Thi  mi  iferj  that  have  been 

adopted  are  such  as  to  secure  It,  In  so  far  a  lot  man  to  do  to,     the  formal 

opening  of  the  Incline  by  the  Governor  ol  Bomba]  tool  place  on  the  -i  I  April,  at 
Lanowlie,  the  top  of  the  Incline.  In  Thi  Abttzak  of  October,  wi  gavi  a  copper-plate 
engraving  of  one  of  the  powerful  locomotives,    i-  deal  bed  by  Mi    Kersuam,  fbi 

working  on  the  of  the         India  Peninsular  Railway,    Wen1  lefurthai 

details  and  pat  -  to  the  gradient 


RAILWAY  ACCIDENTS. 

"  Accident  on  the  South  Western  Eailway.— On  the  12th  ult.,  a  serious  acci- 
dent occurred  between  the  Wilton  and  the  Dinton  Stations  on  the  South  Western  Rail- 
way. The  up  luggage-train  arrived  at  Dinton  Station  shortly  before  nine  o'clock  a.m., 
and  was  allowed  to  go  on.  Tne  ordinary  mixed  train  also  left  Salisbury  at  eight  o'clock, 
and  was  despatched  by  the  station-master  of  the  Wilton  Station.  There  is  a  double  line 
of  rails  between  Salisbury  and  Wilton,  but  from  that  point  to  Dinton  it  is  single,  the 
additional  line  not  being  completed.  The  consequence  was  that  the  two  trains  came 
violently  into  collision  near  Hurdcott.  The  speed  of  each  train  was  very  much  dimi- 
nished ;  but  the  two  engines  ran  into  each  other.  There  was  between  thirty  and  forty 
passengers,  and  all  were  more  or  less  injured. 

BOILER  EXPLOSIONS. 

Manchester  Association  for  the  Prevention  op  Steam  Boiler  Explosions. — 
At  the  ordinary  monthly  meeting  of  this  Association,  held  on  April  28th,  1863,  the  chief 
engineer  presented  his  monthly  report,  of  which  the  following  is  an  abstract : — "  During 
the  past  month,  there  have  been  examined  288  engines  and  406  boilers.  Of  the  latter,  6 
have  been  examined  specially,  11  internally,  79  thoroughly,  and  310  externally ;  in  addition 
to  which  2  of  these  boilers  have  been  tested  by  hydraulic  pressure.  The  following  defects 
have  been  found  in  the  boilers  examined: — Fracture,  5  (1  dangerous);  corrosion,  30  (1 
dangerous) ;  safety-valves  out  of  order,  1;  water  gauges  ditto,  8;  pressure  gauges  ditto, 
9 ;  feed  apparatus  ditto,  1 ;  blow-out  taps  ditto,  32 ;  furnaces  out  of  shape,  4 ;  over- 
pressure, 4 ;  blistered  plates,  4 — Total,  98  (2  dangerous).  Boilers  without  glass  water 
gauges,  6;  without  blow-out  taps,  13;  without  back  pressure  valves,  21.  Three  explo- 
sions have  occurred  during  the  past  month  to  boilers  not  under  the  inspection  of  this 
Association,  by  which  nine  persons  were  killed  and  four  others  injured.  All  of  these  ex- 
plosions occurred  so  far  from  Manchester,  that  only  one  of  them — viz.,  No.  8,  which  was 
by  far  the  most  important — has  been  personally  investigated.  No.  8  Explosion. — This 
explosion  occurred  at  an  ironworks,  and  is  one  of  the  most  remarkable  that  have  come 
under  the  notice  of  this  Association — five  boilers,  working  side  by  side,  having  in  this 
instance  exploded  simultaneously,  the  shells  of  all  of  them  being  rent  asunder,  and 
thrown  to  a  considerable  distance  from  their  original  brickwork  seating,  which  was  com- 
pletely destroyed,  and  reduced  to  an  unintelligible  heap  of  ruins.  The  fragments  and 
boiler  fittings  were  shot  in  every  direction,  many  of  them  falling  through  the  roofs  of  the 
adjoining  buildings,  and  one  through  that  of  the  dwelling-house  of  the  proprietor.  Two 
of  the  boilers  were  thrown  over  a  tramway,  and  landed  in  a  ploughed  field  beyond;  one 
of  them  raking  the  rails  in  its  course,  cutting  them  completely  through  at  the  solid  metal, 
and  tearing  up  the  roadway,  a  piece  of  one  of  the  rails,  that  had  been  shorn  off,  being 
carried  away  to  a  distance  with  the  boiler.  There  was  a  strong  tendency  to  impute 
this  explosion  to  the  action  of  explosive  gases,  or  to  the  instantaneous  generation  of 
steam,  from  red-hot  plates ;  since  it  was  thought,  that  steam  of  the  ordinary  working 
pressure  was  quite  inadequate  to  produce  the  results  developed.  These  views  are  always 
revived  on  the  occurrence  of  every  serious  explosion;  and  although  chimerical,  still  have 
an  importance,  though  a  most  unfortunate  one,  from  the  fact,  that  they  tend  to  divert 
attention  from  the  simple  cause  of  the  disaster,  while  they  throw  an  air  of  mystery 
around  the  subject,  which  at  once  arrests  all  sound  investigation,  and  thus  destroys  the 
chance  of  one  explosion  becoming  the  means  of  preventing  the  occurrence  of  others.  If, 
however,  at  any  boiler  explosion,  the  existence  of  an  agent  more  subtle  and  destructive 
than  steam  ever  appeared  probable,  it  certainly  was  in  the  present  instance.  Still,  a  little 
investigation  will  show  to  how  simple  a  cause  the  whole  may  be  traced,  and  though 
great  as  was  the  havoc,  there  is  no  need  for  the  supposition  of  any  force  beyond  that  of 
steam  at  an  ordinary  working  pressure.  To  do  this,  it  may  be  well  to  enter  more  into 
detail  as  to  the  general  arrangement,  construction,  and  fittings  of  the  boilers,  as  well  as 
into  the  position  of  the  fractures,  and  flight  of  the  parts.  The  five  boilers  were  ranged 
side  by  side,  all  of  them  being  connected,  both  by  the  steam-pipe  and  feed-pipe.  Their 
direction  was  very  nearly  north  and  south,  the  furnaces  being  at  the  south  end.  No.  1 
boiler,  commencing  at  the  west,  was  of  Cornish  construction  and  internally-fired,  while 
the  remaining  four  were  cylindrical,  with  egg-ends,  and  externally-tired.  The 
length  of  all  the  boilers  was  about  25  feet,  while  the  diameter  was  6  feet  in  No.  1,  and  5 
feet  in  the  remaining  four,  the  thickness  of  the  plates  being  seven-sixteenths  in  the  for- 
mer, and  three-eighths  in  the  latter.  The  boilers  were  each  fitted  with  one  feed  back- 
pressure valve,  and  feed  stop-valve  combined,  one  glass  water  guage,  one  alarm  low- 
water  steam  whistle,  worked  by  a  float  fixed  inside  the  boiler,  and  one  lever  safety- 
valve,  of  4  inches  diameter,  in  addition  to  a  Bourdon's  pressure-gauge  fixed  on 
the  steam-pipe  at  some  distance  from  the  boilers.  The  safety-valve  admitted  of  a  pres- 
sure of  nearly  CO  pounds  per  square  inch,  hut  it  was  stated  that  45  pounds  had  been  the 
limit  at  which  the  boilers  had  been  worked,  since  the  weight  had  always  been  placed  at 
some  distance  from  the  end  of  the  lever.  Even  the  higher  pressure,  however,  would  not 
have  been  excessive  for  boilers  of  such  dimensions,  as  far  as  the  cylindrical  shells  are  eon 
cerned.  The  rent:,  were  extremely  complicated  by  the  effects  of  the  explosion,  and  al- 
though highly  important  todo  so,  it  is  in  these  cases  difficult  to  determine  which  an-  the 
rents  from  which  the  explosion  sprung,  and  which  are  those  that  resulted  from  it  j  or 
otherwise,  which  are  the  primary  ones,  and  which  the  secondary.  It  appeared,  however, 
that  all  the  cgg-cniled  boilers  had  rent  in  two,  transversely,  one  portion  Hying  northward 
and  the  other  southward,  the  rent  occurring  at  one  of  the  transverse  scams  over  the  fur- 
nace, while  the  larger  portion  had  in  every  instance  flown  northwards.  In  some  eases 
both  ends  were  blown  out,  and  the  plates  '  vandyked,'  and  curled  up,  the  distortion  being 
such  as  is  difficult  to  describe.  The  Cornish  boiler  was  also  rent  transversely,  at  aboul 
the  middle  of  its  length,  both  through  the  shell  and  Hue  tube,  the  end  furthest  from  the 
furnace  being  demolished,  the  shell  being  opened  out,  ripped  spirally,  and  the  end  plate 
torn  oil'.  The  other  half  of  the  boiler  was  comparatively  uninjured,  the  whole,  though 
thrown  from  its  original  seating,  holding  together,  and  the  furnace  retaining  its  cylindri- 
cal shape.  All  the  tranBverRe  seams  of  cxternally-ilred,  egg-ended  boilers,  placed  imme- 
diately over  the  furnace,  arc  liable  to  fracture  unawares,  and  frequent  opportunity  has 
been  taken  in  previous  reports  to  call  attention  to  their  treacherous  character.  There 
were  circumstances,  however,  which  rendered  these  scams  specially  liable  to  fail  in  the 
boilers  under  consideration,  The  boilers  were  about  nine  years  old,  and  fed  with  sedi- 
mentary water.  Repair  to  the  plates  over  the  furnaces  bad  frequently  been  rendered 
necessary  on  account    of  the  leakage  at  the  seams,  though  a  decided  improvement  had 

been  round  to  result  on  tie-  adoption  of  surface  blowing  out  by  moans  of  a  scum-pipe, 
AJso  the  introduction  of  the  feed  wai  peculiarly  trying  to  those  seams,  since  it  was  brought 

down  from  the  top  of  tho  boiler  by  a  vertical   bell-mouthed   pipe,   terminating  within     r 

only,  ot  the  plate   Immediate!)  over  the  furnace,  the  sffei  t  of  which  would  bo,  by 

the  Intermittent  Introduction  ol  the  water,  to  induce  alternate  expansion  and  control  tlon 

and  thus  strain  tin-  scam-.  Thli  combination  ol  i  u  i  om  itancc  i  coo  ildored  quite  iufn- 
ci.nl  toaooounl  for  the  prlmarj  fracture  ol  one  of  thi  boilon  at  the  transverse  loams 
over  tho  furnace,  The  fracture  of  tl transven am  ,  though  verj  froquenttj  attri- 
bute! to  shortness  of  water, ut  quite  Independent  "t  It,  and  Q  oonstantlj  bund  to  take 
place  where  the  supply  is  ample,  in  these  externally-fired  boilon  thi  -team  i  generated 
onaoonoave   urfaoe,  while  In  Internally-fired  ones  It  li  generated  on  ■  convex  one,  and 

it  would  appeal  ■  i  II  thi  team  could  noi     - ID]  from  the  oonoave  lurfm  i 

from  tin-  convex,  and  thus,  linger  ng  longot  In  on,  koep   the  water  from  contai  I 

With  tho  plate,  and  lead    to    II  burnt     bl   thi   Internally-tired    boilers,   Ihe    it  earn 

.-i  at  the  tide  ot  thi  I  tnbi  renderi  the  stratum  of  water  In  contact  with 

lii  putte  Ughtoi  than  rad  thui  an  ■  sending  ourrt  at  I     el 

ap  which  pi  u  over  Its  surface.    ,'iu   removes  the  globules  of  steam  as  soon  oath 
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formed,  and  substitutes  a  fresh  film  of  water  to  be  evaporated.  It  will  be  seen  that  this 
action  cannot  take  place  upon  the  concave  surface,  and  it  is  thought  that  this  may  ac- 
count for  the  fact,  that  while  instances  of  injury  to  the  plates  of  internally-fired 
boilers,  when  fully  supplied  with  water,  are  quite  exceptional,  they  are,  with  exter- 
nally-fired boilers,  of  very  common  occurrence.  Some  externally-fired  boilers  with  a  hot 
fire  have  been  known  to  bulge  very  shortly  after  setting  to  work,  the  injury  being  quite 
independent  of  anv  accumulation  of  sediment,  while  the  same  plate  has  in  some  cases 
had  to  be  renewed  again  and  again,  its  condition  affording  indications  of  having  been 
red-hot,  although  known  to  have  always  been  covered  with  water.  The  fact,  therefore,  of 
these  boilers  having  failed  over  the  furnaces,  even  through  overheating,  cannot  be  accepted 
as  an  evidence  of  their  having  been  neglected  and  allowed  to  run  short  of  water.  A  strong 
impression,  however,  existed  that  such  had  been  the  case  with  one  of  the  boilers,  since 
the  colour  of  the  plates  had,  it  was  stated,  been  quite  blue  immediately  after  the  explo- 
sion, though  shortly  removed  by  exposure  to  weather.  It  should  not  be  overlooked  how- 
ever, that  the  mere  fact  of  explosion  may  give  this  appearance  from  the  shock  on  coming 
to  the  ground  after  the  flight,  and  from  the  blows  the  boiler  receives  on  its  course. 
These  are  quite  sufficient  to  remove,  at  all  events  in  places,  any  protecting  scale  from  the 
plates,  and  to  lay  bare  their  original  surface,  the  effect  of  which  is  mistaken  for  that  of 
fire.  The  Cornish  boiler,  which  was  the  most  likely  to  have  suffered  from  any  neglect  of 
the  supply  of  water,  had  evidently  not  been  short,  since  the  shape  of  the  furnace  crown, 
with  its  coat  of  scale  was  unaffected.  There  still  remains  to  be  explained  the  fact  of  the 
whole  series  of  five  boilers  having  exploded  simultaneously.  The  percussive  force  of 
water,  as  an  important  element  in  producing  the  destructive  effects  in  steam  boiler  ex- 
plosions, has  lately  excited  considerable  attention,  and  is  a  subject  of  much  interest.  The 
view  ib  as  follows :— The  temperature  of  water  in  a  6team-boiler  working  at  50  pounds 
pressure,  is  300°,  which  is  88°  above  the  boiling  point  at  atmospheric  pressure.  On  the 
occurrence  of  a  rent  above  the  water-line,  or  the  rending  off  of  a  steam  dome,  the  blow- 
ing-off  of  the  manhole  cover,  or  the  fracture  of  a  steam-pipe,  &c,  the  steam  above  the 
surface  of  the  water  wouldescape  and  remove  the  pressure  from  it.  The  88°  of  free  heat, 
with  which  the  whole  body  of  water  is  charged,  over  and  above  that  necessary  for  main- 
taining it  at  the  boiling  point  at  atmospheric  pressure,  would  instantly  flash  a  considerable 
portion  of  it  into  steam,  whiles  the  globules,  not  being  generated  at  the  surface  merely, 
but  throughout  the  whole  mass,  would  blow  up  the  water  with  considerable  force,  eon- 
verting  it  into  a  projective,  having  a  velocity  equal  to  that  due  to  the  pressure.  This 
wouldgive  it  a  destructive  force  far  greater  than  that  of  the  simple  statical  pressure  of 
the  steam  ;  just  as  in  the  injector,  the  stream  of  water  acquires  a  force  of  penetration, 
that  renders  it  superior  to  the  pressure  of  the  steam  that  imparted  it,  and  which  enables 
it  to  enter  a  boiler  working  at  a  higher  pressure,  than  the  one  supplying  the  injector. 
It  is  thought,  by  its  advocates,  that  on  this  principle  it  is  possible  that  an  explosion  might 
happen,  without  either  the  existence  of  any  previous  weakness  of  the  boiler,  the  occur- 
rence of  any  primary  rent,  or  excessive  pressure,  but  6imply  from  the  sudden  removal  of 
the  steam  from  the  surface  of  the  water,  when  it  would  be  violently  projected,  as  just  ex- 
plained, against  the  upper  part  of  the  shell.  It  has  been  proposed  to  submit  this  to  the 
test  of  experiment,  and  to  accomplish  the  instantaneous  clearance  of  the  steam  space, 
cither  by  condensation,  effected  by  the  introduction  of  a  jet  of  cold  water,  or  by  the 
opening  of  a  large  valve.  Such  an  investigation  would  certainly  be  most  interesting  and 
useful,  while  the  result  would  be  highly  prized  by  the  engineering  world.  Of  the  fact  of 
the  sudden  liberation  of  the  steam  throwing  up  the  water  there  can  be  no  question,  since 
that  is  already  a  matter  of  experience;  whether,  however,  the  entire  steam  space  can  be 
so  instantaneously  cleared,  as  to  allow  a  sufficient  velocity  of  the  water  being  attained, 
— on  the  accomplishment  of  which  the  force  of  impact  depends, — appears  to  me  a  matter 
of  question,  and  I  cannot  but  think  that  steam  would  be  generated  with  sufficient 
rapidity  upon  the  surface  of  the  water,  to  retard  the  velocity  of  the  mass,  as  well  to  form 
a  cushion  which  would  soften  the  blow  against  the  shell  of  boiler.  This  is  a  nice  point, 
and  must  await  the  issue  of  the  experiment  for  determination.  I  have  for  some  time 
since,  in  examining  exploded  boilers,  carefully  searched  for  indications  of  this  action,  and 
it  appeared  at  first  that  there  were  manifestations  of  it  in  the  explosion  under  considera- 
tion. For  instance,  the  feed  water  had  been  introduced,  as  previously  stated,  at  the  top 
of  the  boiler,  the  feed  stop  valve  being  bolted  to  the  side  of  the  steam  dome,  and  the 
water  carried  by  the  feed-pipe  through  the  steam  space.  The  failure  of  this  feed-pipe, 
would  have  allowed  the  water  to  play  amongst  the  steam,  and  thus  produce  the  very  con- 
densation desired  in  the  proposed,'experiment  just  mentioned;  added  to  which,  the  steam 
domes  were  torn  off  from  the  shells,  as  if  by  upward  impact,  and  blown  in  a  different  di- 
rection to  the  boilers  themselves.  The  feed  water,  however,  proved  to  have  been  heated 
by  the  exhaust  steam  from  the  engine,  and  thus  would  have  produced  but  tardy  conden- 
sation :  and  even  if  the  flight  of  one  boiler,  on  the  rending  of  the  transverse  seams  over 
the  furnace,  had,  carried  away  the  steam-pipe  or  rent  off  the  domes  of  the  others,  which 
is  highly  probable,  and  thus  by  suddenly  relieving  the  steam  pressure,  set  up  this  "per- 
cussive action, — still,  the  force  of  the  impact  which  must  have  been  upward,  can  hardly 
be  supposed  to  have  developed  the  transverse  rents  previously  described,  or  to  have 
thrown  one-half  of  the  boiler  to  the  south  and  the  other  to  the  north.  With  a  full  ap- 
preciation of  the  value  of  the  impact  theory,  it  is  not  thought  that  it  applies  in  the  pre- 
sent instance,  as  having  produced  primary  rents,  important  as  it  may  have  been  in 
developing  secondary  ones.  The  cause  of  the  simultaneous  explosion  is  thought  to  have 
been  as  follows ;— A  single  externally-fired  egg-ended  boiler  say  No.  3,  rent  at  one  of  the 
transverse  seams  over  the  furnace  in  the  first  instance.  The  escape  of  steam  and  water 
from  the  bottom  of  the  boiler  then  lifted  the  remaining  ones,  and  threw  them  up  in  the 
air  several  feet  high,  blowing  down  at  the  same  time  the  brickwork  seating,  so  that  the 
Doilers,  on  coming  again  to  the  ground,  fell  upon  aloose  irregular  bed,  and  all  became  so 
strained  that  each  rent  and  exploded  in  turn.  That  the  percussive  action  of  the  steam 
was  sufficient  to  have  done  this,  as  illustrated  by  the  fact,  that  one  of  the  cast-iron  rolls 
from  the  mill,  was  lifted  by  it  at  the  time  of  the  explosion  to  a  height  of  several  feet. 
Explosions  Nos.  7  and  9  were  very  similar  in  character  one  to  the  other.  Neither  of  the 
exploded  boilers  having  been  personally  examined,  only  the  following  scanty  ^particulars 
have  been  obtained  i — Explosion  No.  7,  occurred  at  a  colliery  to  a  cylindrical  externally- 
fired  boiler,  36ft.  long  and  5ft.  in  diameter.  This  boiler  formed  one  of  a  series  of  five, 
being  the  second  from  the  engine-house.  It  was  sent  by  the  explosion  into  four  pieces, 
while  the  escape  of  the  steam  and  water  blew  up  the  boiler  seated  next  to  it,  which  was 
the  centre  one  of  the  scries,  flattening  it  on  one  side;  reversing  it  end  forend  in  position, 
and  rolling  it  over  the  other  boilers,  finally  depositing  it  on  the  ground  beyond.  It  will 
be  seen  that  the  treatment  of  this  boiler,  on  the  rupture  of  the  one  alongside  of  it,  cor- 
roborates the  view  given  with  regard  to  the  cause  of  the  simultaneous  explosion  of  the 
hve  boilers  referred  to  above,  and  it  is  hoped  that  fuller  particulars  may  be  obtained.  No. 
9  Explosion  occurred  at  an  ironworks,  to  a  cylindrical  externally-fired  boiler,  about  32ft. 
long  and  5ft.  in  diameter,  which  was  the  outer  boiler  of  a  series  of  five.  It  will  be  ob- 
served that  the  seven  boilers  which  have  exploded  during  the  month,  have  all  been  of  the 
egg-ended  externally-fired  class,  with  the  exception  of  the  Cornish  one,  which  suffered 
only,  through  the  explosion  of  -the  others  ;  and  it  is  trusted  that  the  fact  of  the  constantly 
recurring  failure  of  these  externally-fired  boilers  will  at  length  dispel  the  false  estimate, 
so  generally  entertained,  of  their  safety.  The  proprietor  of  the  iron  works  at  which  No. 
8  explosion  occurred,  at  once  adopted  the  wisest  course,  and  resolved  upon  having  no 
more  ot  the  externally-fired  class  upon  his  works,  .but  laying  down  '  Lancashire '  boilers 
in  their  place ;  experience  having  shown  him,  that  the  plates  over  a  furnace  of  an  inter- 
nally-bred boiler,  may  fail  without  moving  it  off  its  seat,  or  causing  any  loss  of  life ;  while 
with  an  egg-ended  boiler,  its  entire  rupture  and  the  flight  of  the  parts,  as  in  No.  7  explo- 
sion, is  the  result." 


"WATER   SUPPLY. 

Wallasey  Watek  Woeks,  Cheshire.— The  well  for  the  supply  of  this  district  with 
water  has  been  finished,  and  is  a  complete  success.  The  site  of  the  well  is  some  20ft 
above  high  -water  level  of  the  sea,  and  fnow  that  the  well  has  been  completed,  the  fresh 
water  rises  to  some  16ft.  above  the  level  of  the  sea.  The  quicksand  and  rock  have  been 
reached  at  a  depth  of  91ft.  from  the  surface,  so  that  there  is  a  pressure  of  water  from 
beneath  the  marl  coveriug  nearly  equal  to  a  head  of  80ft.,  or  approaching  401b.  pressure 
on  the  square  inch.  AVhen  the  first  well  had  been  formed  through  the  marl,  80ft.  thick 
to  the  ."quicksand,  the  rush  of  water  was  so  powerful  that  a  solution  of  silt  and  sand* 
alone  could  be  pumped.  The  second  well  has  been  sunk  by  using  7ft.  east-iron  cylinders. 
The  cylinders  have  been  sunk  down  to  the  rock,  with  the  water  in  the  well,  without 
pumping.  An  inner  cylinder,  with  a  strong  cast-iron  bottom,  having  a  socket  of  2ft. 
diameter,  was  lowered  to  the  bottom,  and  the  joint  made  good  by  a  diver  working  under 
80ft.  head  of  water.  Boring  tools  were  then  worked  through  the  2ft.  socket  hole,  and  a 
lining,  or  guide-tube,  driven  tight  into  the  true  rock  10ft.  deep,  so  as  to  shut  out  the 
solution  of  silt  and  sand.  The  boring  into  the  true  rock  has  been  continued  to  a  depth 
of  150ft.  from  the  bottom  of  the  east-iron  cylinders,  or  250ft.  from  the  surface.  The 
water  now  rises  up  the  bore-pipe  soft,  pure,  and  sparkling,  of  5J  deg.  of  hardness  only, 
and  may  be  pumped  at  a  rate  of  500,000  gallons  per  day.  The  boring  tools  have  opened 
up  a  natural  fissure  in  a  rock  of  unknown  capacity  and  depth. 

GAS    SUPPLY. 

The  Ipswich  Gas  Company  have  reduced  their  price  from  4s.  &d.  to  4s.  per  1000  cubic 
feet. 

The  Bubslem  and  Tdnstall  Gas  Company  have  agreed  to  their  usual  dividends  o  f 
10  and  7  per  cent,  old  and  new  shares,  free  of  income  tax. 

CANALS. 

The  Suez  Canal.— The  Turkish  Minister  of  Foreign  Affairs  has  addressed  a  despatc 
to  the  Ambassadors  at  Paris  and  London  of  the  Turkish  Government,  on  the  subject  o 
the  Suez  Canal.  The  despatch  relates  that  when  the  Sublime  Porte  first  considered  the 
question,  he  reserved  the  right  to  make  conditions  as  to  certain  parts  of  the  contract, 
and  declared  his  desire  to  see  a  preliminary  understanding  established  between  the  two 
maritime  powers  as  to  the  guarantees  which  the  opening  of  such  a  channel  demanded. 
No  such  understanding  had  been  come  to  ;  and  in  reply  to  a  request  from  the  Viceroy  of 
Egypt  as  to  how  he  is  to  regularise  his  position  in  reference  to  the  matter,  the  Sultan  has 
felt  it  his  duty  to  inform  him  of  the  conditions  to  which  the  authorisation  of  the  Sublime 
Porte  has  always  been  subordinate.  The  Porte  has  no  intention  of  frustrating  the  work, 
but  requires  a  guarantee  of  the  neutrality  of  the  canal,  and  the  protection  of  his  interests 
There  are  two  facts  which  have  attracted  attention  from  the  beginning,  first,  the  employ- 
ment of  forced  labour — 60,000  being  permanently  abstracted  from  their  homes,  a  practice 
which  the  Porte  cannot  sanction;  and,  secondly,  the  cession  of  territory  adjoining  the 
canals,  wherever  they  may  be  carried,  which  might,  if  the  company  choose,  give  them  the 
towns  of  Suez,  Tentsiah,  and  Port  Said,  and  lead  to  the  establishment,  on  important  points, 
of  colonies  almost  independent  of  the  empire.  This  clause  of  the  contract  will  never 
receive  the  sanction  of  the  Porte,  whose  consent  must  be  indissolubly  dependent  on  the 
solution  of  the  three  following  questions,  namely,  the  neutrality  of  the  canal,  the  abolition 
of  forced  labour,  and  the  abandonment  by  the  company  of  the  clause  concerning  the 
fresh-water  canals  and  the  cession  of  the  adjoining  territory.  The  despatch  proceeds  to 
say  that  the  company  cannot  complain,  as  a  clause  in  the  contract  itself  makes  the  approval 
of  the  Porte  indispensable,  and  M.  de  Lesseps,  in  stipulating  subsequently  for  farther 
privileges,  promised  to  obtain  that  consent  within  eighteen  months,  but  had  never  done 
so.  Although,  then,  the  company,  having  commenced  the  works  at  their  own  risk  and 
peril,  could  not  complain  of  the  works  being  stopped  without  compensation,  yet,  on 
account  of  the  private  interests  involved,  the  Porte  is  willing  to  take  the  necessary 
measures  for  returning  the  money  the  company  have  spent,  in  the  event  of  their  not 
wishing  to  proceed  without  advantages  which  cannot  be  granted.  The  company  would, 
of  course,  surrender  the  property  and  the  works  in  return  for  the  repayment,  and  in  that 
event  the  Porte,  in  concert  with  the  Viceroy,  would  adopt  such  measures  as  might  be 
most  appropriate  for  realising  the  execution  of  the  work. 

The  East  India  Navigation  and  Canal  Company. — We  learn  from  the  company's 
last  report  that  the  system  of  works  suggested  and  now  under  consideration  is  divisible 
into  several  projects  or  sections,  each  in  itself  representing  a  work,  or  series  of  works, 
capable  of  being  executed  separately  from  the  others,  and  having  distinct  sources  of 
revenue,  though  capable  of  receiving  considerable  additional  value  by  becoming  a  portion 
of  the  entire  system,  and  may  be  described  as  consisting  of: — First — A  high  level  canal 
for  irrigation  and  navigation  from  the  city  of  Cuttack  to  the  Port  of  Calcutta,  passing 
close  to  the  principal  towns  on  its  route,  including  Balasore  and  Midnapoor.  Second — 
A  series  of  works  for  supplying  the  Deltas  of  the  Mahanuddy,  the  Brahmany,  the  Byturnee, 
and  the  Soobanreeka,  and  the  adjoining  districts  of  Hidjellee,  Midnapoor,  Burdwan,  &c, 
with  irrigation  and  means  of  water  transport.  Third — A  main  navigable  tidal  canal 
from  Balasore  in  the  Bay  of  Bengal,  to  the  river  Hoogley  near  Calcutta,  accommodating 
the  chief  places  on  its  line,  such  as  Tumlook,  &c. ;  and  Fourth — The  improvement  and 
opening  up  of  the  Mahanuddy  River,  probably  by  means  principally  of  a  canal,  in  length 
about  135  miles,  for  navigation  and  irrigation,  commencing  at  Puddunpore  and  termin- 
ating at  Dholapore,  both  on  its  left  bank,  between  which  places  the  navigation  of  the 
river  itself  is  dangerous,  and  the  obstructions  difficult  of  removal. 

The  Madsas  Ieeigation  and  Canal  Company.— We  learn  from  the  report  presen- 
ted at  the  eighth  ordinary  general  meeting  of  this  company,  that  the  following  is  the 
present  state  of  the  works  and  the  progress  made : — It  appears  that  the  Anient  at 
Soonkasala,  and  the  first  17J  miles  of  the  Main  Canal  are  by  this  time  finished. — the- 
Aqueduct  over  the  Hindry,  a  structure  of  solid  stone,  somewhat  larger  than  and  double 
the  width  of  London  Bridge,  has  been  so  far  executed  as  to  allow  the  passage  of  a  body 
of  water  sufficient  to  irrigate  a  considerable  extent  of  land  below ; — the  five  miles  of 
Canal  which  immediately  follow  upon  the  Aqueduct  have  been  completed,  and  along 
those  five  miles  there  exists  some  land  available  for  irrigation; — in  the  next  21  miles  of 
the  Main  Canal  some  heavy  rock  cutting  and  embanking  have  yet  to  be  executed — the 
12  following  miles,  viz.,  from  the  43rd  to  the  54th  mile,  of  the  Main  Canal  is  now  com- 
plete, or  nearly  so  ; — from  thence  to  the  commencement  of  the  Mittacondal  Cutting  in 
'the  72nd  mile,  the  work  has,  with  the  exception  of  some  intervals  of  rocky  excavation 
and  heavy  embankment,  been  executed ; — which,  with  the  Mittacondal  Cutting  itself, 
will  be  finished  by  the  end  of  the  year  when  the  bridges,  and  other  masonry  works,  such 
as  Calingulahs  and  sluices,  will  also  be  completed ; — from  the  72nd  to  the  103rd  mile 
excavation  is  well  hi  hand,  and  there  are  no  difficulties  to  be  overcome ; — from  the  103rd 
to  the  148th  mile,  the  plans  and  estimates  have  been  for  some  time  past  awaiting  Govern - 
ment.approval,  on  the  obtaining  of  which  construction  will  immediately  commence  ; — 
the  plans  and  estimates  of  the  Main  Line  from  the  148th  to  the  240th  mile  at  Somaish- 
warum,  in  Nellore,  are  in  course  of  completion,  and  about  to  be  sent  in  to  the  Govern- 
ment;— the  execution  of  the  Somaishwarum  Anient  has  commenced,  and  that, — in  all 
probability  by  this  time  the  whole  of  the  remaining  works  in  Nellore  are  under  con- 
struction. 
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DOCKS,  HAEB0HRS,  BRIDGES,  &o. 

Poet  Erin  Harbour. — The  Board  of  Trade  have  laid  before  the  House  of  Commons 
a  Bill  for  improving  the  Harbour  of  Port  Erin,  in  the  Isle  of  Man,  that  it  may  be  more 
serviceable  as  a  shelter  for  vessels,  especially  those  employed  in  the  herring  fishery.  So 
soon  as  a  pier  has  been  so  far  completed  as'to  form  a  shelter  for  a  distance  of  300ft.  from 
the  shore  at  low  water  certain  dues  are  to  be  levied  on  vessels  using-  the  harbour  ;  and 
the  Harbour  Commissioners  of  the  Isle  of  Man  are  empowered  to  borrow  money  on  the 
security  of  these  dues  for  making  the  improvements.  The  dues  are  to  be  lowered  when 
the  payment  of  the  expenses  of  maintaining  the  harbour  permit. 

Tee  London,  Chatham,  and  Dover  Railway.  Bridge. — The  foundation-stone  of 
this  bridge  was  laid  on  the  2nd  ult.  This  new  railway  bridge  will  run  across  the  Thames 
only  a  few  yards  from  the  intended  new  Blackfriars  Bridge.  The  railway  bridge  will 
have  five  spans,  the  centre  one  being  133ft.,  the  second  and  fourth  177ft.  8in.,  and  the 
first  and  fifth  163ft.  span.  The  abutments  will  be  of  brickwork  cased  with  Portland 
stone,  and  the  foundations  taken  down  to  the  city  clay,  at  a  depth  of  27ft.  below  Trinity 
high  water.  The  abutments  will  be  built  in  coffer-dams  of  the  ordinary  construction,  but 
the  largest  ever  executed  in  this  country.  The  foundations  of  the  piers  will  be  laid  at  a 
depth  of  55ft.  below  Trinity  high-water;  and,  in  order  to  get  to  this  depth  without  the 
expense  and  inconvenience  of  coffer-dams,  large  wrought-iion  caissons,  18ft.  in  diameter, 
will  be  sunk  into  the  bed  of  the  river  till  the  required  level  is  reached,  when  the  brick- 
work will  be  commenced  inside  and  carried  up  two  feet  below  low-water  line.  At  this 
point  the  masonry  ot  the  piers  commences,  and  will  be  laid  within  a  temporary  caisson  to 
five  feet  above  Trinity  high-water.  From  this  height  to  the  level  of  the  underside  of  the 
girders  the  piers  will  consist  of  clusters  ot  east-iron  columns,  of  which  one  will  be  under 
each  girder.  The  girders,  on  the  lattice  principle,  will  rest  on  the  tops  of  the  columns, 
and  the  headway  afforded  for  navigation  will  be  30ft.  3in.  above  Trinity  high  water. 

The  River  Ttne  Improvement  Commissioners  are  carrying  out  their  gigantic 
M-stem  ,'of  dredging  with  great  spirit  and  energy.  Last  year  they  were  supplied  by 
Messrs.  Thomas,  Wingate,  and  Co.,  of  Whiteinch,  on  the  Clyde,  with  one  of  the  largest 
deepening  machines  which  had  been  then  built,  and  it  has  lifted  an  immense  quantity  of 
dredge  in  Shields  Harbour,  at  half  the  former  cost.  The  same  firm  are  constructing  two 
of  the  largest  and  most  powerful  of  the  deepening  machines  in  the  world,  which  will 
also  be  shortly  be  launched  for  the  Tyne.  They  will  each  be  1200  tons  register,  and 
each  of  the  buckets  employed  in  dredging  by  these  machines  will  weigh  25  cwt.  The 
cost  of  each  vessel  will  be  close  upon  ,£30,000.  June  screw  hopper  barges  are  also  about 
to  be  built  by  Messrs,  Wingate  and  Co.,  for  the  Tyne  Commissioners.  They  will  be  400 
tons  each,  and  will  convey  the  dredgings  of  that  river  out  to  sea.  A  vessel  of  that 
character  is  already  upon  the  Tyne,  and  as  an  experiment  it  has  been  very  successful. 

Harbours  of  Refuge. — The  annual  return  states  that  at  Dover  the  extent  of  the 
foundations  of  the  Admiralty  pier,  or  west  arm  of  the  harbour,  is  now  1675ft.,  and  the 
length  of  the  quay  level  153911.  The  sum  of  £519,000  has  already  been  voted  for  these 
works,  and  £60,000  will  be  required  to  be  voted  now,  leaving  £41,000  of  the  estimate  to 
be  voted  next  year ;  the  work  should  be  completed  in  November,  186"  1.  At  Alderney  the 
outer  ends  of  the  sea  and  harbour  walls  of  the  western  breakwater  are  now  1418  yards 
short  of  the  limit  ordered;  the  base  of  the  breakwater  extends  to  1636  yards  from  the 
shore  ;  12,000  tons  of  stone  have  been  deposited  in  the  base  below  water.  The  sum  of 
£1,027,000  hue  been  voted  for  these  works,  and  a  vote  of  £80,000  will  be  required  this 
session  ;  the  estimate  was  £1,300,000.  Atl'ortland  the  net  expenditure  has  reached 
■£954,260.  The  total  quantity  of  rough  stone  deposited  in  this  breakwater  from  the  com- 
menci  •-  than  5,170,670  tons.    The  divers  have  now  completed  the  levelling 

of  one-half  of  the  area,  under  the  foundation  courses  of  the  masonry  for  the  north  head 
and  fort, and  bore  Mt  about  one-third  of  the  bottom  course. 

MINES,  METAILUEGY,:&c. 
The  Vieilli;  Moxtac.se. — The  famous  Vieille  Montague  Company,  known  in  con- 
nection with  zinc  metallurgy,  has  made  public  its  accounts  for  1863.    The  profits  realised 
during  the  year,  w  1 1 : ■  ■  1 1   was  a  comparatively  unfavourable  one,  amounted  to  the  large 
aggregate  of  £149,600,  and  the  dividend  was  made  at  the  same  rate  as  in  1861.     The 
Jnglj  low,  but  this  very  cheapness  has  had  the  effect  of 
Dg  the  rnctal  to  be  applied  to  a  variety  of  new  purposes. 

Stfhro-Mktai.. — Bronze  is  a  term  applied  to  compounds  ot   tin  and  copper;  while 

and  io|, per  ate  railed  brass.     These  metals   in   varying  proportions 

oimon  alloys  ;, till  tlarc  arc  many  others,  and  the  numbers  of  mi  h   it 

always  on  the  increase.    As  various  n  be  mixed  in  different  proportions,  and 

the  quantity  ol  any  one  component  produces  a  new  alloy  of  a 

different  character,  the  number  and  quality  of  alloys  may  be  extended  indefinitely.    The 

new  alloy,  called  "  itcrro  metal,"  is  composed  of  pure  American  copper,  67'68  parts  by 

zinc),  10*22  parts;  iron,  1*86 ;  tin,  0*16.     It  has  a  brass-yellow 

ptlble  of  a  line  polish.    This  alloy  i,  stated  to  possess 

strength,  a  square  inch  of  it,  after  beii  I  hot,  sustained  a  strain  of 

oreit  broke.     It  can  be  drawn  cold  and  forged  tike  It 

per  square  Inch,  which  Is  but  little  more  than  half 
the  strength  ol    terro-metaL 
Pbodcctioh  or  Goin  am>  Sxlvss  is  tui  Ukitu.  Sun       In 

wand  ll   and  Statist!  of  New    York,  by    Sir.  J. 

Smitii  Horn  a  world,  but  pi 

larly  in        I  valuable  i  '■    He    tatcd  that 

thoagl  ild  already  ol 

■i  that  region  were,  in  the  opinion  of                                       '<  com- 
paratively undeveloped.    The  gold  Isthro  jh  17   of  latitude,  and  < 

...■iii  of  the 
July,  was  more  than  100.000,000  dollar-.    So  marvellous  a  development  of  mineral  re- 
sunn.  a  vast  empire,  with  a  oommeroe  tar  lorpasalng  anything 

yet  ki n  in   thi    hlstoi    ol  the  U  it  Inflnenci   which  the   United  States 

rth,  and 
the  Indi  i  ntrj  on  a unl  ol  ..... 


1st-.  .  16,841,616  dole. 

6,404,048 

1861 

186! 






1850  

1867  ...6 

!,i   I3,14i 
63,887,411 
•    .   ,  . 

lsu)   


ilols. 


690,714,060 

Deduct  !  IK 

138,677,861 


APPLIED  CHEMISTRY. 

Ox  the  Relation  of  Vital  and  Chemical  Force  to  the  Potextial  Exergies 
or  Matter,  by  James  Croll. — The  following  relation  between  vital  and  chemical  force 
which  does  not  appear  to  have  been  specially  noticed  by  physicists,  seems  to  follow  as  an 
obvious  deduction  from  the  principle  of  the  conservation  of  force  :— The  greater  part  of 
all  the  force  available  for  mechanical  purposes  is  derived  from  chemical  combination. 
Chemical  combination,  again,  depends  upon  the  affinity  of  the  atoms — their  tendency  to 
approach  and  unite.  The  greater  this  affinity,  the  greater  is  the  force,  or,  according  to 
the  dynamical  view,  the  velocity  with  which  they  approach.  The  heat  produced  is  also 
proportional  to  the  affinity  of  the  atoms  ;  for  the  amount  produced  is  proportional  to  the 
vis  viva  of  the  moving  atoms  at  the  moment  of  union.  The  force  manifested  in  chemical 
combination  we  say  existed  in  the  atoms  previously  in  a  potential  state.  Potential  energy 
is  transformed  into  actual  energy  by  the  mutual  approach  of  the  atoms  under  the  impulse 
of  their  affinities.  Potential  energy  can  therefore  only  be  restored  to  the  atoms  by 
pulling  them  asunder  again.  Chemical  change  consequently  in  every  case  reduces  the 
total  amount  oi  potential  energy  possessed  by  matter  and  increases  its  actual  energy.  It 
is  true  that  decomposition  in  most  eases  occurs  along  with  combination,  but  the  poten- 
tial energy  gained  from  the  decomposition  never  can  equal  the  amount  lost  by  the 
accompanying  combination.  By  what  means,  then,  does  matter  regain  its  potential 
energy?  The  agency  of  heat  alone  is  not  sufficient,  for  although  heat  expands  bodies  by 
separating  their  molecules,  yet  it  does  not,  except  in  a  few  cases,  separate  the  atoms 
chemically  united.  Neither  can  it  be  done  by  the  electric  current,  for  the  potential 
energy  gained  by  electrolysis  does  not  compensate  for  what  is  lost  in  generating  the 
current.  The  atoms  of  matter  seem  to  be  indebted  to  the  agency  of  vital  or  organic  forces 
for  the  restoration  of  their  potential  energies.  Chemical  agency  separates  the  atoms 
possessed  of  weaker  affinity,  in  order  that  they  may  unite  with  others  to  which  they 
have  a  stronger  affinity.  Vital  agency,  on  the  contrary,  separates  atoms  which  have  a 
stronger  affinity  in  order  to  unite  them  with  others  to  which  they  have  a  weaker 
affinity.  In  the  latter  case  we  have  a  restoration  of  potential  energy.  But 
potential  energy  can  only  be  restored  at  the  expense  of  actual  energy.  Where,  then, 
does  the  vital  agent  derive  its  supplies  of  actual  energy  ?  Evidently  from  the  sun's  rays. 
Here  we  have  two  agencies  constantly  at  work — the  chemical  and  the  vital.  The  former 
is  continually  converting  the  potential  energy  of  matter  into  actual  energy  by  the  motion 
of  the  atoms  towards  each  other.  The  latter,  on  the  contrary,  is  continually  restoring 
the  potential  energy  lost  by  drawing  the  atoms  asunder.  The  chemical  agent  produces 
actual  energy  by  means  of  the  consumption  of  potential  energy;  the  vital  agent  restores 
the  potential  energy  by  consuming  actual  energy,  viz.,  the  sun's  rays. 

Experiment  on  the  Separation  of  Sal- Ammoniac  into  Hydrochloric  Acn>  axd 
Ammonia  at  the  moment  of  Vaporisation,  by  M.  L.  Pebal. — It  is  known  that  M.M. 
Cannizzaro  and  H.  Kopp  explain  the  abnormal  condensation  of  the  vapour  of  certain 
bodies,  such  as  sal-ommoniac,  hydriodate  of  phosphoretted  hydrogen,  perchloride  of 
phosphorus,  monohydrated  sulphuric  acid,  &c,  by  supposing  that  bodies  during  vaporisa- 
tion are  in  a  state  of  dissociation,  as  M.  H.  Deville  happily  expresses  it.  If  sal-ammoniac 
gives  8  volumes  of  vapour  (Ha  0;  =  4  vols.),  it  is  owing,  according  to  these  authors,  to  the 
fact  that  the  vapour  of  sal-ammoniac  is  a  mixture  of  hydrochloric  acid  and  ammoniacal 
gas.  M.  Kekulc  entertains  the  same  idea.  But  there  has  hitherto  been  no  direct  ex- 
perimental proof  of  this  theory;  though  with  respect  to  sal-ammoniac  the  author  has 
furnished  this  proof.  The  method  he  employed  is  new  only  in  its  application  to  this 
present  research.  M.  Bunsen  has  shown  that  to  decide  whether  a  gas  consists  of  a 
single  or  compound  substance  there  are  only  two  experimental  solutions, — namely,  by 
absorption  and  diffusion.  In  the  case  in  point,  it  would  be  difficult  to  apply  the  method 
of  absorption ;  by  experimenting  by  the  method  of  diffusion  the  solution  of  the  question 
might  be  determined.  In  fact,  if  sal-ammoniac  vapour  is  really  formed  of  a  mixture  of 
ammonia  and  hydrochloric  acid,  it  is  evident  the  least  dense  gas,  ammonia,  ought  to  pass 
by  diffusion  more  rapidly  than  hydrochloric  gas  into  a  hydrogen  atmosphere.  Supposing 
such  a  diffusion  effected,  the  hydrogen  atmosphere,  after  a  certain  time,  should  contain 
free  ammoniacal  gas,  while  the  lice  hydrochloric  gas  should  appear  in  the  atmosphere  of 
the  sal-ammoniac  vapour.  This  theoretical  assumption  has  been  proved  to  be  correct  by 
the  following  experiment: — Place  some  fragments  of  sal-ammoniac  on  a  plug  of  amian- 
thus in  a  tube  drawn  out  at  one  end,  and  fixed  inside  a  larger  one.  The  tubes  arc 
traversed  by  a  current  of  hydrogen,  while,  by  means  of  a  furnace  of  Incandescent  char- 
coal, their  temperature  is  raised  sufficiently  to  volatilise  the  sal-ammoniac.  The  sal- 
ammoniac  vapour  being  formed  above  the  amianthus  plug,  aminoniacal  gas  penetrates 
through  the  ping  in  quantity  sufficient  to  blue  litmus-paper  placed  In  the  course  of  the 
hydrogen  which  sweeps  through  the  inner  tube,  while  the  hydrogen  traversing  the  annu- 
lar pace  between  the  two  tubes,  the  atmosphere  of  which  is  impregnated  with  excess  of 
hydrochloric  arid,  reddens  blue  litmus-paper  placed  across  its   passage.     It  is  thus  made 

evident  that  the  sal-ammoniac  contains  free  hydrochloric  acid  ana  free  ammonia,  Ibr 
the  e  two  gas  e    pi    ed  through  the  diaphragm  In  unequal  proportions.    The  u 
Hueii  metals  as  mercury  and  platinum  has  been  purposely  avoided,  to  Means  toe  objec- 
tion that  might  be  urged  by  intervention  of  decomposing  oi  catalytic  lb* 

Analytical  Notices  on  Aksknic,  uy  M.  II.  Bo  t.     Irsenic  nu  be  estimated 
difference  In  n ol  II    combinations  with  metallic  oxides,  by  calculation  ol  the  sub- 
stance with  sulphur    the i ...iiiih  e         oi;. hide,  the  base  remaining  under  the 

form  of  mixed  sulphide.    The  operation  fleeted  In  a  hydrogen  current,  but  is 

.,  , ;,  ....  Iron,  /in.',  lead,  an. I  sl.in.i- 

i.      phui  Inaj rueii.i mplotely  eliminates  the  arsonk  ol 

of  nickel  and  cobalt  •,  but  the  weight  of  nickel  and  cobalt  cannot  be  calculated  from  the 
.  ..nil    ulphide.    Arsenlateol    liver, hen    d  In  a  hydro  .  or  with  sulphur, 

rtaln  quantity  of  ameulo,    Tho  alumina  re- 
from  the  calculation  of  am  drogen  ourrent,  whether 

ir  with  sulphur,  also  invariably  retains  arionla,    It  Is  the  ame  with  thi  tna  n   la 

"'.    Tho  above  pn  oureo, 

aih.  arsenides,  particularlj  I  Iron,  to  ptuiplckol  (arsonlo-sulpnldo 

of  iron,  cat  nickel,  and  to  abut),  though  with 

greatei  oxldiaeo  by  nitric  acid,  and  the  mix- 

I ..  Idi    men  treated  by  sulphur ;  and  this  must  b  times,    in 

in,,, i    in  the        way  icalclno  them  with 

in., ni...    Alakalino arsonlates  »rr  perfectly  tranafbrmod  lnto<  Uorldea 

calcination  i  id  the 

magni   laol  U  a  certain  proport to  lianj  oxM 

true mol  trtalllc  state  bj  calcination  with    al  ammoniac;  hut  the 

ilphate  "t  emu .  II.  Pluki  tier,  can 

nydrochlarate.    However,  the  meed  bUulpui 

.     > 
obtain. ..  ...  ■  norafly  en- 

i      i  he  autho  imonla-magrji 

■  oiokel  and 
rlth  sulphnr.    Some  i™ 
metalll 

r  in  tuts  war  I  poroi  Idl 

it  liucaud  pi 
log  notable  qu'mtltlveof  ar- 
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List  of  New  Patents. 


["The  Aettzai?, 
I     June  1, 1863. 


LIST  OF  APPLICATIONS  FOE  LETTERS 
PATENT. 


WE  HAVE  AnOPTKD  A  new  arrangement  of 
the  Provisional  protections  applied  for 
byInvfntors  at  the  Gkrat  Seal  Patent, 
Office.  If  any  difficulty  should  arise 
with  reference  to  thk  names,  addresses, 
or  titles  given  in  the  list,  thk  requi- 
site information  will  be  furnished,  free 
of  expense,  from  the  office,  by  addressing 
a  ilkttkr,  prepaid,  to  thk  editor  of 
"The  Artizan." 

Dated  April  25th,  1SG3. 

1035  L.  A.  J.  Bruet— Rejristering,  indicating,  and 
verifying  the  time  and  distance  passed  over  by 
vehicles. 

1036  A,  Poirrier  &  C.  Chappat— Blue  and  vjo'et 
colouring  matters. 

1037  F.  Walton — Fabrics  for  covering1  floors  and 
other  surfaces 

1038  C.  Keyer— Safety  valves. 

1039  I.  Dimock— Cleaning-,  sorting-  according  to 
size,  and  doubling  silk. 

1040  A    Lepras— Mak  ng  ices. 

1041  J.  T.  Stroud— Holding,  drilling,  turning,  tap- 
ping, fitting,  and  shaping  certain  parts  of  steam, 
water,  gas.  and  lamp  fittings. 

1042  W.  E    Newton— Thrashing  machines. 

1043  A.  V.  Newton— Breech-loading  lire-arms. 

1044  M.  Barlaud— Milking  cows. 

Dated  April  27th,  1863. 

1045  S.  Osborne— Unwinding  crinoline  steel 

1046  G.  Spill,  T.  J.  Briggs,  and  D.  Spill— Mill 
straps  and  driving  bands. 

1047  H.  E.  Carchou  &  E  F.  Raybaud— Hats  rind 
bonnets. 

1048  J.  J.  Robert— Spoons  and  forks. 

1049  W.  E.  Gedge— Blast  pipes. 

10a1)  M.  Valkenhuyzen— Cnscor  fur  furniture. 

1051  W.  Richards— Ordnance,  tire-arms,  and  cart 
nag  s. 

1052  J.  Jeffreys — Surface  condensers. 

1053  F.  Beunett  —  Condensing  lead  and  other 
metallic  fumes  and  vapours  from  furnaces. 

3054  R.  A.  Broomari— Twisting  and  doubling  silk. 
10,5o  W.  H.  James— Indicating  the  locality  of  tit e. 
n?6  W"  Hl"*son  *t  C.Catlow— Looms  for  weaving. 

1057  A.  Kollnson — D vein g  and  stainin^  fabrics. 

1058  H.  Beare— Thrashing  machiue*. 

Dated  April  28th,  1S63. 

1059  S  Iugledew— Obtaining  iron  from  its  ore. 

1060  J.  &  W.  Marris— Breaking  loaf  sujrar 

1061  S.  Crabtree— Bailing  motions 

1062  G.  Hall  a  J.  WellB-  Ex  plosive  compound. 

1063  A.  Kinder— Sheet  metal. 

1064  W.  Clark— Paper. 

1065  G.  W.  Fuller— Submarine  lantern. 

1066  J.  H.  Johnson— Drying  and  cooling  grain. 

1067  J.  H.  Johnson— Preserving  property  in  ca«e  of 
shipwreck. 

1068  G.  S.  Macdonnld— Card  cases. 

1069  T.  Moore— Laying  down,  protecting,  and  con- 
trolling submarine  cnhles. 

1070  R.  Buttenvorth— Carding  cotton  and  other 
fibrous  substance*. 

?£-!  £'  D*v"f*— Agitating-  and  mixing  substances 

10*  2.  fa.  K,  J) onisthorpe— Getting  coal  and  other 
minerals. 

^073  H.  Y,  D.  Scott— Cementitious  substances. 

10/4  S.  S.  Marling— Scouring,  washing-,  and  cleans- 
ing woollen  cloths. 

Dated  April  29th,  1863. 

1075  J  Rowley— Recovering  the  fibres  of  wool  from 
fabrics  or  materiuls  composed  of  wool  combined 
cotton  or  other  vegetable  substances 

1076  E.  Rowland-Weighing  solid  bodies  and  mea- 
suring fluids. 

1077  W.  &  E.  Tarr— Pianofortes. 

JKS  iV-nE-  Ged£*=— Permanent  advertisement. 
1079  E.  &  F.  A.  Le.gh-Cottou  gins. 

1050  \V.  Rodger-Anchors. 

1081  H    Worms— Elevating  guns. 

1082  AT.  Barland  &.  E.  H.  C.  Mouckton— Milkin«- 
cows.  ° 

19M3  F.  Greiton— Heating  the  contents  of  mash 
tuns. 

1084  G.  Holcroft— Pyrometers. 

1085  H.  W.  Ripley— Priming  fibrous  materials. 

1086  M.  Henry— Beton  and  artificial  stone  and 
pugging  cluy. 

Dated  April  30th,  1863/ 

1087  J.  Wibberley— Winding  cotton,  silk,  wool,  or 
other  threads  on  spools  or  reels. 

1086  A.  H.  Remoud— Retaining  the  aroma  of  coffee 
and  cocoa. 

1089  W.  Clark— Hydrocynnite  of  ammonia  and 
alkaline  and  earthly  cyanides. 

1090  E.  Mitchell— Reaping  and  mowiur  machines. 

1091  E  G.  Brewer— Welding  bud  rolling  metals. 

1092  C.  P.  Stewart  &  J.  Kershaw— Obtaining  com- 
preaned  air  and  npplving  the  power  thereof  in 
propelling  railway  and  other  carriages. 

?Aft3       Appleby— Propelling  ships  and  barges. 

1094  J.  H.  Johnson — Rotatory  engines. 

Dated  May  1st,  186?.' 

1095  J.  McFnrUneGray— Rivetting.cnulkiug,  chip- 
ping, and  otherwise  operating  upon  and  ireutintr 
metals  nuri  other  suhstnnces. 

1096  E.  Jonen— Drainage. 

1097  W.  Cirsoid  -  Fulling  woollen  cloths  and 
washiug  and  cleaning  woven  fabrics. 

1098  W.  G.  Craig— Feed  apparatus  for  steam 
boiien. 

1099  J.  Bad  art— Preparation  of  rape  seed  and  other 

■ak'i, 


Dated  Mat  2nd,  1863. 

1100  T.  L.  Bissell— Charging  breech-loading  cart- 
ridges. 

1101  W.  T.  Smith— "Washing  mnchiues. 

1102  J.  W.  Gibson  &  W.  Turner— Springs  for  rail- 
way buffers. 

1103  G  Burt  —  Punching,  stamping,  or  forgiug 
metals. 

11m4  J.  Purdey — Breech -loading  fire-arms. 

1105  S.    J.    Bartlett  — Straining   and    drawing    off 

1106  J-    B.    Dubreuil — Carta,  waggons,    and   <.thei 

1107  J.  T.  &T.  Oakley— Uardeu  pumps. 

1108  H.  Myers— Appoiurment  clock. 

Dated  May  4th,  1863. 

1109  E  R.  Sou thby— Extraction  of  scents  from 
plants  and  fiowers. 

1110  J.  Fortune— Fastening  together  lace,  blond, 
^uilline",  or  similar  materials. 

1111  J.  M„  E..  &  C.  Johnson  &  L.  Bertliug— Show 
fabl-ts 

1112  B  G.  Sloper — Separating  me'als  from  earthly 
and  other  matters  mixed  with  them. 

1113  G.  Hat-eltine — Springs  for  railway  carriages. 

1114  F.  Applegate — Spring  balances  and  pressure 
gauges. 

Dated  May  5th,  1863. 

1115  J.  H.  Johnson — Wrought  iron  and  steel. 

1116  "W.  "Walsh — Obtaining  and  purifying  oxa'ate 
of  soda. 

1117  K.  G.  Kent— Shades  and  reflectors  for  gas 
lights. 

1118  E  C.  Chesshire— Intercepting  the  solid  por- 
tions cf  the  soil  of  water  closets. 

1119  W.  Boothroyd — Stationary  engines 

1120  R.  A.  Broomau— Fabric  suitable  for  ttimmings. 

1121  F.  Applegate — Stopping  and  starting  railway 
trains, 

1122  P.  Bradshaw — Mouuting  millstones  for  grind- 
ing grain. 

1123  J-  H    Knott— Pumps. 

1124  W.  Glover— Facilitating  the  steering  of  ships 
and  other  vessels. 

1125  W.  C.  Wilkins— Lamps. 

1126  S.  B.  Cochran — Sewing  machines. 

Dated  May  6rh,  1863. 

1127  T.  Sagar  &  J.  Wilkinson— Power  looms  for 
weaving. 

1128  J.  T.  Ward— Carriages. 

1129  W.E.  Gedge— Toy. 

1130  S.  Hibbert.  J.  Laivton,  &  J.  Kay— Cleansing 
potatoes. 

1131  S.  D.  MacKellen— "Watches  and  other  time- 
keepers. 

1132  1.  M.  Singer — Sewing*  machines. 

1133  G.  Davies— Forging  tmd  dressing  horse-shoe 
and  other  nails. 

1134  T.  Beesley— Boxes  for  carryiug  and  packing 
boxes. 

1135  A.  Sturrock — Locomotive  engines  and  tenders. 

1136  U.  W.  Atkinsou — Steam  or  other  motive  power 
engine. 

1137  A.  V.  Newton— Sewing  machines. 

Dated  May  7th.  1863. 

1138  J.Park — Communicating  motion  to  machinery 
tor  manufacturing  paper  pulp. 

1139  J.  Snider  —  Bteech-londing  fire  arms  and 
ordnance. 

1140  P.  Bourne— Miners' lamps. 

1141  J.  Walker — Mechanism  applicable  to  looms 
and  partly  to  carding  engines. 

1142  A.  Stanley—  Finishing  claspsandothermetallic 
connectors. 

1143  G.  Bower  &  A.  Dick — Purification  of  gas  for 
illuminating  purposes,  and  the  reduction  of  ores 
and  the  melting  of  metals. 

1144  T.  Small— Motive  power  machinery. 

1145  J.  Beitridj;e — Ornamentation  of  papier  mache 
and  other  japanned  wares,  wood,  ivory,  and  other 
similar  materials. 

1146  C.  A.  Day,  A.  Lamb.  &  T.  Summers— Marine 
engines. 

114"  J.  B.  P.  A.  Thierry— Furnaces  to  render  the 
combustiou  of  the  fiitl  more  complete,  and  to 
prevent  the  emission  of  smoke  there  rout. 

1148  T.  Holliday — Blue  colouring  matter. 

Dated  May  3th,  1663. 

1149  P.  J.  Livsey — Compound  steam  engines. 

1150  A.  Skwarcow— Turntiibles. 

1151  H.  Schooling— Shaping  lozenge  paste  or  other 
plas.ic  materials 

1152  J.  S.  Grimshaw — Looms  for  weaving. 

1153  C.  L.  Itraithwaite — Feeding  slivers  of  wool  and 
other  material  to  carding  engines. 

1154  J.  H.  Bailey — Meehanical  movement  for  pro- 
ducing an  impelled  current  of  air  for  lamps. 

1155  J.  C.  Droop — Instrument  for  holding  nails, 
screws,  Or  other  fasteniugs. 

1156  W.  Clark — Coating  wrought  or  other  iron  to 
protect  it  from  corrosion  or  oxydation. 

1157  E.  C.  Boet— Tanning  hides  and  skins. 

115S  C.  F.  Bielefeld—  Sh-ets,  slabs,  and  other  articles 

where  fibrous  materials  are  employed. 
1159  G.  T..Boustield— Steam  engines. 

Dated  May  9th,  1863. 

IPO  W.  Thomson — Obtaiuing  motive  power. 

1161  J.  Hickland — Laying  veneers  on  to  surfaces 
and  applying  the  glue  for  that  purpose. 

llfia  S.  Wilson— Houps  or  bands  for  fastening 
bales. 

llr>3  W.  E.  Gedge— Paper,  stuff,  or  pulp  from  cer- 
tain vegetable  substances. 

1164  J.  Norie— Moulds  for  casting. 

1165  J.  Page  &  A.  T.  Wayne— pens. 

1166  J.  Brierley— Dyeing  knickerbocker  and  textile 
fabrics. 

1167  W.  Bonier— Dryer  fabric  for  paper  making. 

1168  E.  R  Cla.k— Portable  wine  cases  or  bins  for 
domestic  uue  or  export  and  a  pic-mo  chest  com- 
bined. 

1169  V.  Legendre— Scissors. 

1170  K,  A.  Brooman— Lamp  black. 


1171  J.  B.  Wood— Defending  ship*  or  vessels  and 
torts  when  armour  plating  is  employed. 

1172  J.  Burrell  —  Cutting  the  teeth  of  bevelled 
wheels. 

1173  C.  H.  G.  Williams— Colouring  mutters. 

1174  J.  Burrell— Salinomet»rs. 

1175  J.  H.  Johnson — Rotatory  engines. 

1176  J.  Lse  &  M.  Gutteridge— Agricultural  imple- 
ments. 

Dated  May  11th,  1863. 

117"  B.  Hargreaves — Tiles  for  drainage  or  sanatory 
purposes. 

1178  R.  Burgess — Marking,  etching,  or  engraving 
cylindrical  and  other  sui  faces. 

1179  C   &W.  Shorrock— Power  looms  for  weaving. 

1180  C.  L.  V.  Tenac — Railway  rollett  wrought  iruu 
sleeper. 

1181  C.  L.  V.  Tenac — Armour  plates  of  hammered 
or  rolled  wrought  iron,  the  whole  of  the  rivets 
being  protected  against  ihe  direct  blows  from  the 
cannon  shots. 

11N2  J.  Parkinson — Tablets- 

1183  R.  A.  Hrooman — Coupling  and  disconnecting 
carriages  on  railways. 

1184  J.  S.  Guirette — Inhalin»  apparatuses. 

1185  J.  Shanks — Cutting  the  edges  of  grass. 

1186  J.  E.  McConnell  &  G.  H.  Bovill— Chains  for 
cables  and  other  purposes. 

Dated  May  12th,  1863. 

1187  B.  Lilly — Nipple  protectors  for  fire  arms. 

1188  W.  Mattison  &  G.  Barker— Grass  mowing  and 
reaping:  machines. 

1189  T.  Warren— Glass  and  other  furnaces. 

1190  H.  Wickens — Reaping  and  mowing  machines. 

1191  J.  E.  McConnell  &  G.  H.  Bovill— Treating 
worn  out  railway  tyres. 

1192  W.  Whiteley — Looms  for  weaving. 

1193  G.  A.  Huddart— Cutting  slate. 

1191  H.  L.  Emery — Saws  for  ginning  cotton. 

1195  R.  A.  Brooman — Spring  mattresses. 

1196  R.  A.  Broomau — Spring  mattresses,  sofas, 
chairs,  and  seats. 

1197  R.  A.  Brooman — Preparing,  dressing,  and 
winding  cotton,  woollen,  flax,  eilk,  and  other 
warps. 

Dated  May  13th,  18C3. 

119S  H.  Rusht on— Head-dresses. 

1(99  R.  A.  Brooman — Laying  submarine  telegraph 
cables. 

1200  H.  Wilde— Electro-magnetic  telegraphs. 

1201  T.  Parkinson  &  f.  Taylor — Weaving,  sizing, 
dressing,  and  dyeing. 

1202  F.  Holthausen — Portable  copying  press. 

1203  J.  E.  McConnell  &  G.  H.  Bovill— Wrought 
iron  armour  plates. 

1204  V.  J.  Cassaignes — Stereoscopes. 

1205  C.  L.  Kensner — Hydrate  of  barytes  and  sugar. 

1206  B.  Lambert — Hag  or  pulp  engines. 

1207  A.  G.  Southby — Railway  roof  lamps,  station, 
signal,  and  other  fountain  lamps. 

12i,8  J.  Farmer — Calendering,  embossing, and  other 
such  machines. 

1209  R  A.  Brooman— Extraction  of  hydro-carburets 
from  minerals. 

Dated  Mav  14th,  1863. 

1210  T.  Lawrence —  Drying,  dressing,  brushing, 
waxing,  and  finishing  fabrics. 

1211  J.  Satchwell.  W.  H-  Ashford,  &  C.  Harrison- 
Nails  or  riyets  for  boots  and  shoes. 

1212  A.  Piibeam — Sewing  machines. 

1213  J.  T.  King— Wicks  for  oil  and  other  fluid 
burning  lamps. 

1214  J.  Burrell — Cocks  or  valves. 
12J5  G.Dowler— Match  boxes. 

1216  L  S.  Chichester — Weighing  grain. 

1217  F.   K.    Erlam — Lubricating  compound. 

1218  G.  T.  Boustield— Rolling,  grinding,  and  cut- 
ting tiles  aud  ra-ps. 

1219  1.  Parker — Connecting  and  securing  door  and 
other  knobs  or  handles  to  their  spindles. 

Dated  May  15th,  1863. 

12V0  B.  Shillitt.   &  D.  Moor— Generating  heat  and 

1221  D.  M.  Fyfe — Painting  the  centres  of  military 
or  other  targets. 

1222  D.  M.  Fyfe — Raising,  lemoving,  trausporting, 
and  retixinj:  military  or  other  targets. 

1223  W.  Clark — Repeating  fire-armB. 
3224  A.  Macmillan- Buttons. 

1225  R.  T.  Mallet— Piers,  walls, and  landing  stages. 

1226  J.  Patterson — Grinding,  crushing,  cleaning, 
and  frhelling  farm  or  vegetable  produce. 

1227  J  Papiu,  C.  Lin«,  and  L.  Lavacherie— Boots 
and  shoes. 

Datkp  May  26th,  1863. 

1228  R.,  Wit  and  T.  Waddingi on— Combs. 

12vy  B.  Browne— Elastic  material. 

1230  J.  Hinks— Lamps. 

1231  R.Talbot— Folding  rudder. 

1232  F.  M.  Burns— Preventing  the  fouling  of  the 
bottoms  aud  sides  of  ships. 

1233  W,  Clark— Rotatory  engines. 

1234  J.  T.  Newton— Planishing  and  rolling  sheet 
metal. 

1235  J.  Gibbs — Preparing  and  spinning  flax. 
1*36  W.  White— Louped  fabrics. 

1237  T.  C.  Stretton— dressing  lace. 

12^8  E.  B.  Wilson — Iron  and  other  metals. 

1239  J.  Whitehead — Motive  power  machinery. 

Dated  May  18th,  1863. 

12-10  E.Christmas — Carriages. 

1241  W.  Watson— Bread. 

1242  H.Bennett — Facilitating  the  puddling  of  iron. 

1243  A.  Heather  &.  J.  Red  fern— Steam  boilers. 

1244  B.  Hebblewhite — Crushingorreducing  oil  cake, 
seeds,  and  other  substances. 

1245  R.  Fenuer  &  W.  H.  Hight— Envelope  folding 
machines. 

1246  S.  Toy — Screw  rivets,  nails,  or  pins. 

1247  J.  Beaumont — Condensing  machines  for  work- 
ing yarns  of  wool  and  other  fibrous  substances. 


Dated  May  19th,  1863. 

1248  C.  Barnard,  J.  Bishop,  &  C.  &  G.  Barnard- 
Lawn  mowing  and  rolling  machines 

1249  S  Rhodes— Twisting  and  doubling  cotton, 
hemp,  and  flax. 

1250  J.  Edwards — Permanent  way  of  railways. 
J251  J.  H.  Johnson — Breech  loading  lire-arms, 

1252  F.  Fenton— Treatment  of  vegetable  fibres  for 
the  preparation  of  textile  materials  therefrom. 

1253  R.  Bunting — Frames,  tips,  auil  bolsters  used 
in  cutlery. 

1254  H.  J.  Olding— Treating  flax  and  other  fibrous- 
plants. 

1255  J.  Kelly— Treatment  of  peat. 

1256  A.  Parker — Saving  from  destruction  by  fire- 
persons  and  prop-rty. 

1257  L.  Chandor — Mechanical  lamp. 

1258  T.  P.  Salt^-Trus-es. 

1259  L.  Chandor — Lamps. 

1260  W.  Smith — Transferring  plain  or  coloured. 
prints  or  designs  to  wood  ov  other  surfaces. 

Dated  May  20tb,  l8o3. 

1261  H.  Wren  &  J.  Hopkinson— Self-1  bricating: 
bearings  for  shafts  and  axles, 

1262  J.  Coignard — Sewing  machines. 

1263  W.  J  C.  Lang— Preserving  life  at  sea. 

1264  P.  Addington— Varnishe'C. 

1265  R.  R.  JacKson  &  W.  Pembcrtou — Looms  for 
weaving. 

1266  T.  Williams  &  I.  Naylor-Paper  spools  us'd 
in  spinning  and  doublirig'macbiues. 

1267  J.T.  Markall— Working  wood. 

Dated  May  21st,  1663. 

1268  J.  Cassdl — Treatment  of  mineral  oils  and 
hydrocarbons. 

1269  G.  R.  Harcinj;— Transmitting  power  on  rail- 
ways worked  by  vacuum  or  the  pressure  of  air. 

1270  W.  Walker— Looms  lor  weaviug. 

1271  J.  Steart— Extracting  the  fibre  from  zoistern, 
marina  and  other  aquatic  vegetable  productions. 

1272  W.  Munn— Signal  lanterns. 

1273  !•".  P.  Warren  —  Attaching  copper  or  other 
sheathing  to  iron  vessels. 

1274  E.  T.  Hughes — Breech-loading  fire-arms  and 
caitridgeB. 

3275  N.  J.  Amie3 — Elastic  webbing. 

1276  A.  ThoraHllev— Brick  kilns. 

1277  W.  H.  C.app— Rail  or  holder  for  coats  and 
other  articles. 

1278  E.  Soustadt — Purification  of  magnesium. 

1279  J.  Pawcett — Preparation  of  t.od  for  cauls, 
horses,  and  other  animals. 

1280  J.  Goodman — Velocipedes  and  wheels  for  the 

1281  R.  A.  Brcoman— Breech-loading  ordnance  and 
other  small  arms  and  projectiles. 

Dated  May  21nd,  1863, 

1282  W.  Snell— Butt  hinges. 

1283  C.  Maschwitz— Bungs  foi1  stopping'  bottles  , 
jars,  and  other  vessels. 

1284  T.  A.  Blaketv— Ordnance. 

1285  J.,J.,&M.  H.  Habersht a— Rolling, polishing, 
straightening,  and  taperiug  round  rods  or  bars  of 
iron,  steel,  aud  other  metals. 

1286  T.  A.  Blakely — Rifling  guns  and  forming  pro- 
jectiles to  correspond  therewith. 

1287  G  Stevens — Coke  ovens,  and  building  and 
heating  ovens  oi  retorts  fjr  generating  coal  gas 
connected  therewith. 

1288  W.  E.  Newton— Manufacture  of  waterproof 
fabrics. 

1289.  W.  E.  Newton— Manufacture  of  waterproof 
fabrics. 

1290  J.  Higgins  &  T.  S.  Whitwcrtb— Roving,  spin- 
ning, ana  liouulmg  cotton. 

1291  A.W.  Hofmiinn— t'rcpaiiug  colouring  matter* 
U_  for  dyeing  aud  printing. 

Dated  May  23rd,  1653, 

1292  J-  Sturgeon— Steam  han;iaets. 

1293  E.  Barlow,  J.  Kewhouse,  F,  Hamilton,  and 
W.  Hope — Cariiing  engines  and  lap  machines, 
and  machinery  for  giindiug  card  teeth. 

1294  J.  A.  Pickering— Covers  for  bottles,  jbts,  aud 
snni  ar  vessels. 

1295  W.  Carmack— Distillatiou  of  mineral  or  vege- 
table oils  and  spirits. 

1296  S.  E.  Ro.str  and  J.  G.  Jennings^ — Chimneys, 
file  place*,  stoves,  and  flues  fur  warming  ami 
■ventilating  apartments. 

1297  J.  S.  Bicktord  aud  G.  Smith— Firing  explosive 
compounds. 

1X96  W.  Hoey — Pieparatiou  of  a  fluid  for  renewing 
the  surface*  of  japmued  and  euamellad  leathers' 
and  cloths. 

1299  J.  Hopkins— Crossings  ou  railways  aud  tram- 
ways. 

1300  F.  Potts  and  J.  Key— Iron  tubiug. 

1301  R.  A.  Brooman— Iudicatiug  the  position  of 
trains  upon  railwnvs. 

1302  R.  A.  Brooman— Bells. 

1303  R.  A.  Broomau— Safety  garments. 

1304  F.  Kingsbury— Orchestras. 

1J05  G.  Smith — Lamps  for  burning  hydro-carbon 
oils. 

Dated  May  25th,  1S63. 

1306  J.  Hesford— Stretching  and  drying  cotton. 

1307  W.  Muir— Cutting  and  assorting  sugar. 

1308  G.  Howell — Stamping  and  printing  mochii.e 
i:i09  H  A  Bonneville— Carriages 

1310  P  Leprovost— Carriages  and  vehicles 

131 1  E  Hunt— Posts  or  pillars  for  fences  or  gates 

1312  G  Gottgen— Binding  for  trimming  woollen 
cloth  garments 

1313  H  B  Girard— Henting  apparatus 

1314  T  Spurrier — Ornamental  metal  cylindexs 

1315  J  H i  11  iar— Frames,  sashes,  shutters,  blinds, 
and  ventilators  for  windows 

1316  C  Hare— Reclining  and  easy  chairs 

1317  R  Havward— Bottling  and  drawing  off  liquids 

1318  M  J  Roberts— Preparing,  spinning,  twisting, 
and  doubliug  wool  and  cotton 

1319  J  W  Burtou,  S  G  Rhodes,  S  E  Seanor,  and  W 
Sciuton — Getting  coals  oi  other  miuerals 

1320  WOnrk— Ruliug  unptr 
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A    CRITICAL    AXD    HISTORICAL    REVIEW   OP    LOCOMOTIVE 

ENGINEERING. 

By  J.  J.  Bibckei. 

{Illustrated  by  Plates  245  and  246.) 

{Continued from  page  125.) 

In  the  early  attempts  at  propelling  carriages  upon  railways  by  means  of 
steam,  it  was  deemed  indispensable  to  make  the  rails  in  the  shape  of  a 
toothed  rack,  and  to  provide  the  driving  wheels  with  cogs  fitting  into  this 
rack — an  idea  originated,  we  believe,  by  Trevethick,  to  whom  the  world 
is  indebted  for  the  first  attempts  at  introducing  the  steam  engine  upon 
tramways.  This  method  of  propulsion,  however,  was  anything  but  satis- 
factory, being  necessarily  attended  with  frequent  breakages ;  and,  as  it  was 
soon  ascertained  that,  with  an  adequate  load  upon  the  driving  wheels,  the 
simple  adhesion  upon  the  rails  was  quite  sufficient  for  all  purposes  of 
traction,  the  cog  wheels  and  the  racks  were  dispensed  with.  But  to 
Pambour  must  be  ascribed  the  merit  of  having  defined  the.  ratio  of  the 
adhesion  to  the  load  upon  the  wheels,  in  the  same  series  of  experiments  to 
which  we  have  referred  in  our  paper  on  train  resistances.  In  those  experi- 
ments he  ascertained  that  this  force  could  amount  to  ^th,  and  was 
never  less  than  ijfh  the  load  upon  the  wheels  ;  and,  though  it  has  since 
been  found  that  it  may  amount  to  even  ith,  and  that  it  is  seldom  less 
than  i'jth,  yet  does  this  in  no  way  diminish  the  merit  due  to  Pambour 
of  having  ascertained  the  practical  limits  of  that  force. 

This  ratio  being  known,  when  once  the  load  upon  the  several  pairs  of 
wheels  is  distributed  with  a  due  regard  to  the  stability  of  the  engine,  as 
has  been  observed  in  our  paper  on  this  subject,  it  remains  for  the  engineer 
to  ascertain  whether  the  requirements  of  the  traffic,  and  the  physical  con- 
ditions of  the  road  for  which  the  engine  is  intended,  demand  the  coupling 
of  either  pair  of  wheels  to  the  driving  wheels  proper.  As  a  general  rule 
light  goods  engines  have  the  front  wheels  coupled,  and  passenger  engines 
for  heavy  traffic  have  the  trailing  wheels  coupled.  These,  though  carry- 
ing less  weight,  in  the  latter  instance,  meet  all  the  requirements  of  trac- 
tion, and  thus  relieve  the  front  wheels  from  any  work  but  that  of  leading 
the  engine,  which  is  their  legitimate  duty.  This  class  of  engines,  with 
trailing  wheels  coupled,  which  is,  so  to  speak,  the  stereotyped  passenger 
engine  of  the  Northern  States  of  America,  is  gradually  being  called  into 
more  frequent  requisition  in  this  country. 

Finally,  now  it  remains  for  us  to  enquire  into  the  question  of  trans- 
mitting  the  tractile  power  of  the  engine  to  the  train  ;  a  question  which 
resolves  itself  wholly  into  that  of  the  correct  construction  of  the  frame. 

In  the  earlier  locomotives  the  boiler  itself  formed  the  frame  proper  of 
the  engine,  and  upon  it  were  fixed  in  various  ways  the  cylinders,  while 
through  it.  also  was  transmitted  the  force  of  traction  to  the  train,  generally 
by  attaching  the  draw-bar  to  the  back  of  the  fire-box — nor  does  it  appear 
that  the  introduction  of  the  frame  itself  was,  in  the  first  instance,  so 
much  the  result  of  a  correct  knowledge  of  the  real  wants  of  the  case,  as 
that  of  a  desire  to  procure  better  means  of  attachments  for  the  axle  box 
guides,  for  in  the  engines  first  provided  with  them  by  Fenton,  Murray, 
and  Jackson,  and  also  by  Stephenson,  thej  acted  as  carrying  framei  only, 
plainly  seen  by  inspection'of  diagi  .  I  j-.  1  and  2  (Plate  245),  the 
cylinders,  in  both  cases,  being  attached  to  the  smoke-box  end  of  the  boiler, 
and   the  draw-bar  to  the  fire-box.    This  wanf   of  knowledge,  however, 

ia  nol    to  be  wondered  a(  when  it   is  remembered   that  steam  engii r- 

Ing  the  real  wants  of  which  could  be  b rtained  by  experience  alum', 

'oen  still  in  its  infancy,  and  thai  the  whole  question  was  of  neei 
in  the  hands  of  art  i/.'ins,  untutored  in  the  science  of  theoretical  mechanics 
Which,  al   thai  time,  was  only  accessible  to  those  well  versed  in  the   higher 
!ms  of  mathematics. 

it  is  a  singular  fact  thai  Bury,  who  waa  the  Aral  to  nttOtti 

and  ri'j-id  frame,  running  inside  the  ■■•■■■  i  end  to  en 

as  shown  by  diagram,  t'ig.  :'..  did  n  il  in  the  Aral    in-'  i  up  m  the 

opportunity  thus  afforded  of  pulling  directly  thcough   the/rams,  but  "till 
nttaclied  the  cylinders  to  the  smoke-box,  and  the  draw-bar  to  the  nra-box, 
thus  causing  the  force  of  traction  to  be  transmitted  thro  - 
mute  from  the  boiler  to  the  frame,  and  from  the  frame  again  to  the  boiler 
by  means  of  side  stays,  which  were  easily  derangl  I.  and  ffhli  h  hate  bsj  D 


aesthetics.  It  also  placed 
foundation,  a  circumstance 
would    materially    atl'ect    its 


up  to  this  day  a  never  failing  cause  of  leakage  in  the  boiler,  in  all  cases 
where  they  have  been  preserved. 

Yet,  though  Mr.  Bury  failed  to  derive  immediately  from  his  contrivance  all 
the  advantages  which  it  embodied,  one  great  benefit  was  realised  in  the  fact 
of  having  the  driving  wheel,  the  axle  bearing  and  the  crank  as  close  to  each 
other  as  possible,  an  arrangement  which  is  quite  indispensible  to  ensure  the 
safety  of  the  crank  axle.  Besides  this,  he  soon  also  realised  the  benefits  of 
direct  connection  by  attaching  the  cylinders  to  the  frames,  and  by  construct- 
ing a  draw-box  quite  independent  of  the  boiler,  by  means  of  which  also  the 
frames  were  rigidly  bound  together  at  the  back  of  the  engine,  as  illustrated  by 
diagram,  Pig.  4.  To  him,  therefore,  must  be  justly  ascribed  the  merit  of 
having  been  the  first  to  construct  an  engine  in  which  the  duties  allotted  to 
the  boiler  and  to  the  carriage  were  such  as  to  ensure  efficiency  with  en- 
durance, and  which  was  the  means  to  clearly  define  the  very  distinct  func- 
tions of  these  two  great  constituent  parts  of  the  engine,  viz.,  the  frame  and 
the  boiler. 

Bury's  arrangement,  however,  while  completely  dispensing  with  the 
outside  frame,  and  so  far  simplifying  the  machine,  made  at  the  same  time 
a  great  inroad  upon  its  structural  beauties,  since  the  more  graceful  and 
regular  contour  of"  the  outside  frame  gave  way  to  the  sight  of  irregular 
wheel  spokes,  and  of  a  roughly-shaped  inside  frame,  the  construction 
of  which  could  not  in  the  state  of  the  art  of  forging  or  of 
rolling    irou    at    that    time,    be    influenced    by    any    considerations    ot 

the  engine  upon  a  much  narrower 
which,  it  was  not  unreasonably  (eared, 
steadiness  upon  the  rails.  On  these 
grounds  some  engineers  have  adhered  to  the  outside  bearings,  but  in 
order  to  protect!  the  crank  axle,  they  have  provided  also  an  inside  bearing 
upon    a    frame  placed    inside  the  wheels  which  rt    at    tin- 

fire-box,  as  in  the  case  of  Sharp's  and   Fairbairn's  engines,  illustrated    bj 
diagram,  Fig.  5,  where  the    cylinders  were  attached  to    the   inside  frames, 
and  these  firmly  rivetted  by  means  of  vertical  andVhoritontaJ  eross-el 
to  the  outside  ones  in  order  to  obtain  rigidity  for  the  pun  oses  of  traction. 
This  arrangement,  however,  still  caused  the  force  of  tie     in  I  •  traverse  a 

very  circuitous    route;   and  as    the    inside    frame  was    stopped  only  for  the 
purpose    of  gaining  a    couple   of  inches    in  width  of  while  the 

means  of  supporting  it,  and  of  carrying  the  boiler  at  the  fire-box  end  ■ 

thus  rendered  very  difficult  and  expensive,  it  ma\   with  reason  he  naid  that 

the  gain  looked  for  was  not  an  adequate  compensation  for  the  extra  trouble 
incurred,  coupled  with  tin-  loss  of  the  adv.mt  iu'cs  , if  direct  oonneotlon.    At 

a    later    date    this    defee'   was    remedied    both    hv  Stephenson    and  by    Fair 
bairn,  as  illustrated  in  Fir;.  8  and  7,  in  both  which  cases  the  ring 

bas  been  preserved,  while  the  crank  axle  is  well  protecteJ  and  the 
line  of  traction  is  unbroken  from  the  cylinders  to  tha  draw  bar,  though  it 
should  be  stated  that  Stephens  m's  --stein  of  intermediate  orul 
reasons  of  economy  and  simplicity,  has  been  repeated.      At  the  pr. 
date  it  may  be  said  that  experience  has  taught,  and  sound  | 
does  teach,  thai  thelocom  'live  engine  should  be  so  constructed  .i-  t  .  : 
the  h'iler  independent  of  all  the  workln 

proper,  and  free  from  an)  itrains  srising  either  from  the  wi  don 

or  from  concussions,  all  of  which  should  bj  the  frame  and  the 

other  parts  of  the  carriage  alone,  while  to  tha  boiler  is  consigned  tha  dutj 

lerating  the  steam  required  for  the  performan f  the  work. 

1     simply  rest     upon    the    ■  10  IU  win.  h 

should  be  lived  ti thex  part,  of  the  sngina  In  such  mannsi  tint  it  mill 

might  beabla  to  perform   Its  work,  if  il    ■  to  supply  II 

!     the    boll  I 

oanner  by  Mr.  Allan,  of  the  Scottish  <  r,  In 

lii-  outside  cyllndi  i 

l-  ,at,  notwithstanding  the  abosi 

well  established  bj  I  i  •'■•  P*u»,  nol  only  hi 

• 
tl,  ,i  the  |  -'  the  inside  frame  In  I 

of  pulling  from  the  latter  through  the  boiler,  should  still  i  i  in 

■  :,,  .  uginei  ■  Stnrrook,  ol  •  rn, 

and  by  Mr.  Klrtley,  of  the  Midland  IUI  «  >*.  ■  tlon 

lir,.  hi  I   .-  here  tha  botls*  li  i  irried  on 

• 

LO 
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despite  all  improvements  in  the  means  of  fastening  them,  never  are  tight. 
Various  other  systems  of  connection  are  illustrated  in  the  sheet  of  dia- 
grams, plate  No.  245,  with  a  view  more  especially  to  enahle  the  reader  to 
become  thoroughly  acquainted  with  the  history  of  this  portion  of  the  sub- 
ject, and  as  the  systems  already  commented  upon  represent  the  chief  types 
to  be  met  with  in  modern  practice,  little  further  need  be  said,  unless  it  be 
that  Allan's  system  of  outside  cylinder  engine  is  frequently  simplified  hj 
the  omission  of  the  outside  frame,  at  the  unavoidable  sacrifice  of  the  wide 
carrying  base.  As  for  the  engines  with  bogie  frames,  illustrated  by  Fig. 
10,  these  should  be  but  little  required  upon  the  well  constructed  permanent 
way,  with  easy  curves,  such  as  they  are  found  in  this  country. 

In  America,  however,  where  the  roads  are  not  really  intended  to  be  per- 
manent, and  where,  besides,  they  are  subject  to  the  deteriorating  influence 
of  hard  frosts,  great  falls  of  snow  and  sudden  thaws,  the  bogie  is  found 
indispensible,  its  use  is  also  beneficial  in  some  mountainous  districts  in 
various  parts  of  the  continent,  where  sharp  curves  cannot  be  avoided. 

Passing  now  to  the  consideration  of  constructive  details  of  the  frame, 
we  find  that  Bury  made  them  of  bar  iron,  and  in  the  earlier  designs  he 
generally  bolted  them  together  ;  later,  however,  he  welded  them  together 
into  one  solid  mass,  as  illustrated  in  the  accompanying  diagram. 


Fig.  1. 

This  made  a  very  stiff  and  excellent  piece  of  work,  but  as  it  is  Very 
expensive,  and  besides  does  not  offer  the  same  facilities  for  attachments 
and  connections  as  the  plate  frames,  is  is  now  generally  superseded  by 
the  latter.  These  are  almost  invariably  made  of  rolled  iron  from  12  to 
15in.  deep  over  the  axle  forks  and  in  the  main  body,  and  from  lin.  to  l^in. 
thick;  they  are  usually  welded  in  two  points  of  their  length,  and  though 
some  engineers  have,  of  late,  introduced  the  practice  of  making  them  of 
one  solid  plate  throughout,  the  former  method  is  still  preferred  by  the 
best  makers,  as  well  as  by  many  locomotive  superintendents  of"  high 
standing,  because  it  is  less  expensive,  and  may  even  be  better  relied  upon 
when  the  plates  used  are  of  a  good  quality  of  iron,  since  it  frequently 
happens  that  rolled  plates  of  that  thickness,  and  of  25ft.  in  length,  by 
2ft.  6in.  deep,  are  not  sound  in  the  body.  Outside  frames  are  very  often 
made  of  a  balk  ot  pitch  pine  from  10  to  12in.  deep,  by  3iin.  thick,  and 
lined  with  two  thin  plates  varying  from  ^  to  iin.  in  thickness.  This 
method,  however,  has  the  disadvantage  of  providing  a  perishable  frame, 
on  account  of  the  great  liability  of  the  timber  to  be  destroyed  by  slow 
decomposition,  a  phenomenon  which  generally  occurs  where  it  is  in  contact 
with  iron.  On  that  ground  we  should  prefer  to  see  the  outside  frame  made 
of  a  single  plate,  and  which,  when  required,  could  be  so  stiffened,  laterally, 
by  means  of  cross  stays  binding  it  with  the  inside  frame,  as  to  render  it 
fit  for  any  duty  which  it  may  have  to  perform,  without  making  it  too 
heavy.  Transversely  the  longitudinal  frames  are  bound  into  one  firm 
structure  by  means  of  vertical  cross  stays  of  from  f  to  fin.  thick,  both  in 
front  and  at  the  back  of  the  engine,  as  well  as  in  its  mid  length,  this 
latter  stay  being  at  the  same  time  made  to  carry  the  slide  bars,  and  in 
many  cases  portions  of  the  link  motion ;  at  the  back  the  frames  are  hound 
also  by  the  draw  box,  made  of  two  plates  varying  from  -^  to  T7Rin.  in 
thickness,  of  which  the  upper  one  generally  answers  as  the  fireman's  plat- 
form, or  foot  plate,  and  which  are  united  by  means  of  vertical  webs  in  the 
manner  of  a  cellular  girder.  In  the  case  of  outside  cylinder  engines,  the 
transverse  frame  connections  in  the  immediate  vicinity  of  the'  cylinders 
must  be  very  strong,  and  should  in  every  way  offer  all  the  rigidity  of  a 
box  girder,  in  order  to  prevent  the  frames  from  being  disturbed  by  the 
great  side  strains,  occasioned  by  the  external  position  of  the  cylinders. 
Convenient  platforms  made  of  T5nin.  plates  are  also  provided  along  both 
sides  of  the  engine,  to  enable  the  driver  to  reach  ail  the  working  parts,  for 
the  purposes  of  inspection  and  of  lubrication  while  the  engine  is  in  pro- 
gress upon  the  road.  The  connection  of  all  these  parts  is  usually  effected 
by  means  of  strong  angle  iron  and  rivets;  sometimes,  however,  instead  of 
usmg  angle  iron  the  vertical  cross  stays  are  flanged,  and  in  that  case  re- 
quire to  be  made  of  the  best  quality  of  Yorkshire  iron.  As  the  height  of 
the  platform  measured,  from  the  level  of  the  rails,  seldom  ex- 
ceeds 4ft.,  the  driving  wheels  generally  cut  through  them,  and  the  pro- 
jecting portion  of  the  wheels  is  incased  within  a  light  iron  box,  known  as 
the  splasher,  which  in  its  design  is  generally  more  or  less  ornamental, 
according  to  the  taste  of  the  designing  engineer,  and  which  may  certainly 
lie  made  to  add  greatly  to  the  artistic  beauty  of  the  engine. 
In  order  to  make  our  subject  as  complete  as  possible,  we  ought  perhaps 
cast  a  rapid  glance  at  the  various  minor  parts  of  the  engine  with  which 


it  must  be  supplied  in  order  to  he  in  that  state  of  completeness  which 
enables  the  driver  to  have  a  thorough  control  over  it  when  it  is  at  work,, 
and  which  enables  the  engine  itself  to  perform  all  the  duties  which  may 
be  required  of  it.  As  the  construction  of  these  parts,  however,  presents  no 
other  features  of  interest  but  such  as  are  of  daily  occurrence  in  mechanical 
engineering,  it  will  be  sufficient  to  give — more  especially  for  the  informa- 
tion of  the  uninitiated — a  cursory  description  of  each  individual  contrivance 
forming  an  integral  part  of  the  engine. 

Beginning  with  the  boiler,  we  first  notice  that  the  fire-box  is  provided; 
with  an  ash-pan,  fitted  tight  to  its  underside,  and  which  is  supplied  at  the 
front,  and  sometimes  at  the  back,  with  air  tight  dampers  worked  by  means- 
of  levers  and  handles  from  the  foot-plate  which  enable  the  driver  to  regulate 
the  quantity  of  air  to  be  admitted  for  combustion,  whereby  he  has  a 
thorough  control  over  the  evaporative  capabilities  of  the  boiler.  The  ash- 
pan  is  generally  formed  of  plates  fin.  thick,  rivetted  together  by  means  of 
angle  iron;  some  attempts  have  been  made  to  convert  into  useful  effect  the 
heat  contained  in  the  ashes,  as  well  as  the  heat  of  radiation  from  the  furnace,, 
by  making  the  ash-pan  bottom  of  a  cellular  structure,  and  connecting  it 
with  the  water  spaces  of  the  fire-box  by  means  of  pipes.  The  amount  of 
heat  lost,  as  above  stated,  however,  has  been  greatly  over  estimated,  and 
the  result  obtained  has  been  actually  nil,  while  the  difficulties  of  construction 
of  the  machine  have  been  thereby  greatly  increased.  The  fire-box  is  further- 
provided  with  a  glass  guage,  by  means  of  which  the  driver  can  at  all  times 
ascertain  the  height  of  water  in  the  boiler,  and  in  order  to  enable  him  to 
read  it  at  night,  a  lamp  is  placed  close  to  the  glass  guage.  As  a  measure  of 
safety  also,  there  are  two  or  three  guage  cocks  placed  at  different  levels  to 
enable  the  driver  to  ascertain  the  height  of  the  water,  should  the  glass 
guage  break,  or  fail  through  obstructions  to  register  the  water  level.  One 
or  two  differently  toned  whistles  are  also  placed  within  easy  reach  of  the 
driver  to  enable  him  to  give  various  signals. 

Of  late  years  it  has  become  almost  an  universal  practice  to  supply  the 
boiler  with  a  scum  cock,  by  means  of  which  the  upper  layers  of  the  water 
may  be  drawn  off,  and  along  with  them  those  impurities  which  float  upon 
its  surface.  This  has  been  found  very  beneficial  in  diminishing  the  evil 
of  priming.  A  separate  cock  also  is  supplied  for  the  pnrpose  of  warming 
the  feed-water  by  means  of  a  jet  of  steam  directed  into  the  tender  through 
the  feed  pipes,  and  an  approved  pressure-guage  is  placed  within  close  eye- 
sight of  the  driver,  and  has  the  advantage  of  enabling  him  to  regulate 
the  intensity  of  his  fire  to  keep  the  steam  at  the  required  tension.  In 
order  to  protect  the  driver  against  those  inclemencies  of  the  weather  which 
might  greatly  hinder  him  in  the  performance  of  his  arduous  duties  by  pre- 
venting him  seeing  ahead,  a  weather  board,  provided  with  glasses,  is  placed 
close  to  the  back  of  the  firebox,  behind  which  he  finds  shelter  against  head 
winds  and  rains.  In  countries  subject  to  great  extremes  of  heat  and  cold 
the  driver  is  still  better  protected  by  a  complete  enclosure,  both  at  the 
sides  and  at  the  front,  roofed  over  to  form  a  little  hut,  generally  known  as 
the  "  cab,"  and,  though  this  provision  slightly  affects  the  architectural 
features  of  the  engines,  we  do  not  know  of  any  valid  reason  why  this 
boon  should  not  be  granted  to  the  driver  in  this  country.  Convenient 
footsteps  are  also  placed  in  close  proximity  to  the  footplate,  which,  in  the 
absence  of  the  "  cab,"  is  fenced  in  all  round  and  provided  with  proper 
handrails. 

The  engine  is  relieved  of  the  gases  of  combustion  and  of  the  steam 
that  has  performed  its  work,  through  a  chimney  placed  upon  the  smoke 
box,  and  the  height  of  which  should  not  exceed  15  feet,  measured  from 
the  level  of  the  rails,  for  the  purpose  of  clearance  when  passing  underneath 
bridges  or  through  tunnels.     Mr.  Clark  mentions  that  a  length  of  chhn- 


Fig.  3. 


Fig.  2. 


ney -proper,  equal  to  about  four  times  its  diameter,  is  likely  to  develope 
the  best  action  of  the  blast.  That  probability,  however,  rests  upon  no 
better  foundation  than  Mr.  Clark's  own  belief,  and  in  practice  no  such  rule 
is  ever  adopted ;  but  the  length  generally  is  decided  upon  by  considera- 
tions of  aesthetics,  subject  to  the  limit  we  have  above  given,  rather  than 
by  considerations  of  a  proper  action  of  the  blast.  With  regard  to  its  area, 
the  same  author  thinks  that  it  should  be  Stb,  that  of  the  fire  grate. 
We  believe,  however,  that  among  the  greater  number  of  locomotive 
engineers  the  rule  is  to  make  its  diameter  either  nearly  or  exactly  equal  to 
the  diameter  of  the  cylinders ;  and  no  doubt  there  is  good  ground  to  establish 
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a  certain  relation  between  the  areas  of  thecylindersandof  the  chimney,  when 
it  is  remembered  that  the  former  is  governed  by  the  heating  surface,  and 
indirectly,  therefore,  by  the  grate  area.  The  majority  of  engineers  ornament 
the  top  of  the  chimney  with  a  cap  piece,  varying  in  shape  according  to  taste, 
but  Mr.  Sinclair  prefers  to  leave  it  a  plain  finish,  as  being  more  beneficial 
to  the  action  of  the  draught  ;  the  accompanying  sketches  (Figs.  2  and  3) 
plainly  illustrate  the  effects  of  head  winds  upon  the  draught  as  verified 
by  all  experience  on  the  motion  of  fluids  and  shows  most  conclusively 
that  Mr.  Sinclair's  practice  is  to  be  preferred.  With  reference  to  the 
draught,  Mr.  Clark  also  lays  down  a  very  doubtful  rule  as  to  the  area  of 
the  blast  orifice,  which  he  thinks  may  vary  from  ^th  to  ^th  of  the  grate 
area,  whereas  in  practice  it  is  always  ruled  by  the  area  of  the  cylinders, 
being  generally  made  a  little  less  than  the  area  of  the  steam  ports  or 
about  T3th  that  of  the  piston. 

In  order  to  relieve  the  cylinders  of  the  water  which  would  accumulate 
in  them  through  condensation  of  steam  they  are  generally  provided  at  each 
end  in  the  lowest  portion  of  their  circumference  with  small  cocks  worked, 
by  means  of  a  system  of  levers  and  rods,  from  the  foot  plate  :  these  ar<i 
known  as  the  mud-cocks,  and  in  designing  an  engine  the  necessity  of 
making  provision  for  these  secondary  wants  has  often  been  more  trouble- 


weight,  it  may  be  proportionately  lighter  in  the  frame.  This  latter  is 
sometimes  made  of  four  longitudinal  plates  of  rolled  iron,  arranged  in 
pairs  at  each  side  of  the  tender,  the  one  outside  the  wheels,  provided  with 
the  axle  box  girders  and  horn  blocks,  trom  10  to  12in.  deep  in  the  body, 
by  |in.  thick,  the  other  placed  inside  the  wheels,  being  a  plain  stretcher 
iin.  thick,  and  of  the  same  depth  as  the  outside  one  ;  sometimes  this 
outside  frame-proper  is  made  of  a  baulk  of  timber  from  3  to  3>in.  thick, 
lined  with  -njin.  plates  of  rolled  iron  similar  to  that  already  described 
when  treating  of  the  engine  frame,  and  with  which  it  is  usually  made  to 
match.  Transversely  the  longitudinal  frames  are  connected  by  means  of 
vertical  stays  made  also  of  rolled  plates,  well  stiffened  by  means  of  angle 
irons  and  horizontal  gusset  plates;  at  the  front,  and  sometimes  at  the 
back,  strong  draw  boxes,  somewhat  similar  to  that  on  the  engine,  a'so 
answer  as  transverse  frame  connections,  the  whole  forming  a  rigid  struc- 
ture capable  of  transmitting  the  horizontal  strain  without  the  assistance 
of  the  tank,  which  in  reality  should  rest  freely  upon  the  frame.  In  some 
cases  the  draw-box  at  the  back  is  superseded  by  a  buffer  plank,  similar  to 
that  at  the  front  of  the  engine,  and  to  which,  when  so  applied,  are 
attached  the  draw  hook,  and  the  safety  chains,  as  well  as  the  buffers.  In 
order  to  ensure  the  steadiness  of  both  engine  and  tender  upon   the  rails. 


than  any  of  the  vital  questions  of  the  general  problem,  for  the  simple     and  to  protect  also  the  feed  pipe  connections  from  undue  stiains,  the  engine 


reason  that  the  whole  of  this  very  complex  machine  has  to  be  confined 
within  the  narrow  space  of  about  four  feet. 

Close  to    the   front,  the    engine    is   provided  with  strong  vertical   bars 
known  as  the  life  guards,  reaching  down  to  within  two  inches  of  the  rails 
for  the  purpose  of  clearing  the   latter   of  any  obstructions  which  either 
accidentally  or  maliciously  may   have  been  placed   thereon  ;  and  in  the 
case  of  heavy  falls  of  snow,  besoms  are  attached  to  them  in  order  to  sweep 
the  rails  ;  this  provision  is  of  great  importance  in  most  northerly  climates 
and  in  some  mountainous  countries  on  the  Continent,  where  heavy  falls  of 
snow  are    of   frequent  occnrrence.     Capacious  sand-boxes   are  placed  on 
each  side  of  the  engine  provided  with  pipes  reaching  down  to  within  close 
proximity  of  the  rails   and  as  near  to    the  front   of  the   driving  wheel  as 
possible,  through  which  the  driver  may  strew  sand  upon  the  rails  when     Engine 
these  are  slippery,  to  cause 
the    wheels    to    bite — a 
want  which   is  generally 
felt  at  starting.     To  the 
immediate    front   of   the 
engine    a    strong    beam 
made  of  oak  or  teak,  and 
known  as  the  buffer-plank, 
stretches      across      from 
frame  to  frame,  to  which 
it  is  securely  bolted ;  it 
varies  from  1  fin.  to  16in. 
in  depth,   and  from    5  in. 
to  (Jin.  in   thickness,  and 
in    width   it    covers    the 

■extreme  points  of  the  carriage  measured  over  all.  To  this  plank  are 
bolted  two  buffers  in  such  manner  as  to  correspond  with  those  on  tin'  ordi- 
nary carriages  upon  the  line,  and  those  generally  used  an-  De  Bsrgue's 
india-rubber,  or  Brown's  spiral  spring  buffers  ;  a  strong  drawbolt  provided 
■with  shackle,  chain,  and  hook  is  alio  fixed  to  it,  in  order  to  enable  the 
•engine  to  pull  any  required  load  whilst  running  backward. 

Finally  to  protect  the  boiler  as   much   as  possible  :   heat 

from  contact  with  the  atmosphere,  it  is  usually  covered  with  a  layer  of 

felt  all  round  the  circumference  of  the  bar  id,  and  upon  the  tire-box  :i-  In- 
down  as  the  platforms;  this  layer  of  fell  u  er  with  inch  pine,  and 
the  whole  covered  over  with  thin  sheet  iron.  No.  1ft  wire  gaage,  held  in 


and  tender  are  kept  taut  by  means  of  a  strong  transverse  spring  resting 
horizontally  in  the  draw-box,  against  this  spring  two  small  buffers,  sliding 
horizontally  in  guides  fastened  to  the  box,  are  made  to  butt,  and  by  the 
elastic  force  of  the  spring  are  constantly  pressed  against  the  back  of  the 
engine. 

Some  engineers  prefer  to  make  the  tender  frame  entirely  of  wood,  though 
it  is  difficult  to  ascertain  a  valid  reason  for  this  preference,  since  the  com 
of  a  wooden  frame,  as  generally  made,  is  very  nearly  if  not  quite,  equal  to 
an  iron  one,  while  it  does  not  offer  the  same  guarantees  of  strength  and 
durability  as  the  latter.  To  complete  our  remarks  orr  the  carriage,  we 
should  state  that  the  wheels,  the  axles  and  the  axle-boxes  are,  in  construc- 
tion,   exactly   similar  to   those  we  have   described  when   treating  of  the 


A    powerful   break    is 
provided,    by    means    of 
which      the      driver      is 
enabled  to  accelerate  the 
stoppage     of     the     train 
when  approaching  a  sta- 
tion,  or  in  cases  of  emer- 
gency.   It  is  worked  from 
the  foot  plate  by  a   hand 
wheel  and  screw,  commu- 
nicat  ing   an  angular  mo- 
tion to  a  shaft  with  short 
levers    forged    or    keyed 
upon    it,    and    to   these 
are  attached  the   tensiou 
rods,  by  means  of  which  the  break  blocks,— which   generally  pivot  upon   n 
Centre 'fixed  upon  the  frames,— arc  pulled  against  the  wheels;   the  break  is 
generally  so  eon-i rueted  as  to  act  upon  all  the  wheels,  and  sometimes  it  i- 
made  to  grasp  the   wheels  on   both   sides,    to   prevent    undue   strain   upon 
the  axles. 

Tenders  with  a  capacity  of  from  800  to  1100  gallons  of  water  have  tWO 
pairs  of  "lee!-  only,  and  generally  do  not  exceed  Kilt.  6ln.  in  length 
measured  over  all  ;  those  of  greater  capacity  are  carried  upon  three  pairs 
Of  wheels,  and  may  leach  a    length  of  20ft. 

The  tanks  are  eenetrncted  in  different  shape*,  but  that   motl   prevalent 

is  the  one  which  ill  plan  assumes  t  lie  shape  of  B  hoi-.e--.hoe.  tin-  water  ben 


Its  place  by  means  Of  h0Op»  QT  Strap*,      [n  the  Corners  <l    the    tire-box    this      contained   in  that  portion  which  forms  the    bone-ShM    and  the   Mel 

■clothing  is  made  complete  by  means  of  >rnamentel  covers  lu.id-  of  brass  j  stowed  in  the  open  spaee  between  the  two  legs.  Sometimes  it  Is  made 
<n-  of  thin  iron,  so  arranged  as  to  hide-  the  lagging  ;  the  steam  dome  is  pro-  in  the  shape  of  a  plain  square  box,  rather  -led  low,  with  Its  sides  projecting 
noted  by  means  of  an  ornamental  covering  made  of  brass  or  sheet  iron,  above  the  top  of  the  tank-proper,  upon  which  the  fuol  is  stowed;  tln- 
knd  the  safety  valves  are  covered  with  an  ornamental  funnel  of  the  same  metae  I  is  adopted [with  a riew  evidently  of  keeping  the  eentre  ofgrsvltj  loa 
material,  and  sufficiently  high  to  prevent  th  •  steam,  as  il  esc  roes,  from  in 


conveniencing  the  driver.    Those  portions  of  the  clothing  which  are  made 
of  brass  are  generally  polished  bright,  ami  the  parts  of  the  engine  exposed 
to  view  are  covered  with  several  coats  ■'  paint    and   varnish,  of  vat 
shades,  according  to  the  taste  of  the  designing  engineer. 

S  i  far  we  have  confined  onr  investigations  to  the  engine  alone  ;  hut  as  the 
tender  is  an  inseparable  adjunct   to  the  former,  escepl   in  those  ens 
which,  upon  short  lines  of  railways,  ire  ms  rj  their  own  supply  of 

water  and  fuel,  we  shall  not  lun  study   unless  we  give  a 

short  description  of  this  faithful  help-mate  oi  the  locomotivt  engine. 

Generally    speaking,  the  tender   is  .i  simple    carriage,   upon   which  is 
placed  n  tank,  ca]  lisite  supply  of  water  and   fuel 

i  given  length  ol  cl  ion,  this  c 

similar  to  that  of  the  engine,  I  train 


Son,  times,  also,  in  longitudinal  section,  it  i  trapeilom, 

the  front    wall  Of  the  l.n.l.   Sloping  up  backward-  in    an    SBS1     curve,    while 

the  side  walls  are  carried  up  square,  and  the  fuel  Is  stowed  In  the  apace 
thus  h-fi  free,     tn  eaoh  oase  the  tank  II  made  ol  roiled  piste*,  varj 

from  ft  to  iin.  in  t  hieknc.s,  jointed  l>\    rin-.m.  of  -in     angle   iron,  and   'in. 

;  an  ornamental  coping  Is  carried  all  round  the  (op  ol  baa  tank. 

Which  further  ml. Im  to  the  fuel  Sp 

The  communication  between  the  engtas  sad  the  tank  is  maintained  h> 
means  of  continuous  flexible  pipe,  on  each  side  ot  the  engine,  and  various 
contrivances  have  been  adopted  to  enable  these  Junctions  to  adapt  themselves 

to  the  shifting  requirements  of  U nginc  upon  the  road,  without  In! 

ruptln  i  nunlcatlon,  J  USBj  which  is  known 

at  tb  pipe,  is  illustrated  b)  the  "■ 

and  c  (distinct  port!  a  ball  joints. 


tir  pull,  an 
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tent  as  to  enable  it  to  receive  and  to  allow  freely  to  slide  inside  of  it  a  hollow 
plunger  equal  in  diameter  to  the  feed  pipe,  and  connected  to  the  other  ball 
jointly  means  of  a  screw  coupling;  the  joint  between  this  plunger  pipe  and 
the  barrel  being  made  good  by  means  of  a  stuffing-box.  This  contrivance, 
which  answers  its  purpose  very  well,  requires  to  be  made  of  brass,  and 
being  of  difficult  workmanship,  is  for  these  reasons  very  expensive.  Soon 
after  the  discovery  of  the  properties  of  vulcanized  india  rubber  and  its 
introduction  into  various  useful  arts,  the  just  described  contrivance  was  re- 
placed by  the  much  simpler,  and  equally  effective  one  illustrated  by  Fig.  5, 
which  consists  of  two  short  couplings  ribbed  upon  their  internal  circumference, 
and  connected  by  means  of  an  india  rubber  hose,  kept  stiff  by  means  of  a 
wire  coil  placed  inside  of  it. 

The  capacity  of  the  tank  must  be  determined  by  the  nature  and  re- 
quirements of  the  traffic  for  which  the  engine  is  intended ;  according  to 
Mr.  Eamsbottom,  a  maximum  volume  of  28  gallons  of  water  per  mile,  are 
required  for  a  heavy  mail  train  upon  a  heavy  road ;  and  at  this  rate  of 
consumption,  a  tender  having  a  capacity  of  800  gallons  would  be  required 
for  a  journey  of  30  miles,  and  a  tender  of  2000  gallons  for  a  journey  of 
70  miles  without  stoppage ;  these  are  the  two  extreme  limits  of  tender 
capacity  to  be  met  with  upon  English  lines  of  railway,  and  the  space 
allotted  for  fuel  is  about  one-fourth  that  for  water. 

Of  late,  however,  the  requirements  of  the  Irish  mail  service,  compelled 
Mr.  Eamsbottom  to  perform  the  journey  between  Chester  and  Holyhead 
or  a  distance  of  84f  miles  in  2  hours  and  5  minutes,  and  necessitated  the 
increase  of  the  size  of  tender  tanks  from  2000  to  2400  gallons,  or  else  re- 
quired the  taking  of  water  at  some  convenient  point  upon  the  road,  either 
by  stopping  or  by  picking  it  up  whilst  running.  The  first  method  of 
solving  the  problem  involved  an  objectionable  increase  of  weight  in  the 
tender,  resulting  in  a  loss  of  locomotive  power  equal  to  that  required  by 
an  additional  carriage  to  the  train,  while  a  stoppage  entailed  a  loss  of  time 
which  could  not  well  be  spared  upon  that  heavy  road  in  bad  weather. 
Mr.  Eamsbottom,  therefore,  conceived  the  idea  of  picking  up  the  water 
whilst  running,  by  dipping  a  pipe  into  a  trough  laid  longitudinally  be- 
tween the  rails,  the  dip  pipe  being  curved  forward  at  its  lower  end  iu  the 
direction  of  motion;  by  this  contrivance  it  was  expected  that  the  water 
would  rise  in  the  pipe  to  a  height  nearly  equal  to  the  head  of  of  water,  which 
would  produce  a  velocity  of  outflow  equal  to  the  speed  of  the  train,  and 
he  soon  reduced  his  idea  into  a  practical  shape  by  means  of  the  apparatus 
illustrated  in  Figs.  1  to  5  (plate  246),  which  is  so  simple  that  it  scarcely 
needs  to  be  explained.  It  consists  of  a  cast-iron  trough  18in.  wide  by  6in. 
deep,  laid  upon  the  sleepers  between  the  rails,  in  such  a  manner  that  when 
it  is  full,  the  level  of  the  water  shall  he  2in.  above  the  level  of  the  rails, 
as  shown  in  Figs.  1  and  2 ;  and  further,  it  consists  of  a  scoop  or  dip-pipe  for 
raising  the  water,  made  of  brass  and  having  an  orifice  10in.wideby2in.high; 
this  scoop  is  carried  upon  a  transverse  centre,  and  when  not  in  use  it  is 
tilted  up  by  a  balance  weight,  as  shown  in  Figs.  3  and  4,  and  in  order  to 
dip  it  into  the  water,  it[is  depressed  by  means  of  a  handle  worked  from  the 
foot  plate  which  requires  to  be  held  by  the  driver  as  long  as  the  scoop 
must  be  kept  down ;  when  it  is  lowered,  its  bottom  edge  is  level  exactly 
with  the  rails,  consequently  dipping  2in.  into  the  water,  and  the  limit  of 
depression  is  fixed  by  means  of  two  set  screws  which  answer  as  a  stop,  and 
which  afford  also  the  means  of  adjustment  when  the  axle-box  brasses  and 
the  wheel  tyres  are  worn  down. 

In  order  to  diminish  the  velocity  of  discharge  of  the  water  into  the  tender, 
the  delivery  pipe  is  enlarged  gradually  from  the  bottom  to  the  top  in  such 
manner  that  the  area  at  the  top  be  10  times  that  at  the  bottom,  and  con- 
sequently the  velocity  of  discharge  is  one-tenth  only  that  of  the  train ;  if, 
therefore,  the  water  be  picked  up  at  a  speed  of  50  miles  per  hour,  it  will 
be  discharged  into  the  tender  at  a  speed  of  5  miles  per  hour  or  7ft.  per 
econd,  which  is  that  due  to  a  head  of  about  1ft. 

One  of  the  most  important  points,  and  by  no  means  the  least  difficult  in 
the  practical  application  of  this  apparatus,  was,  at  first,  to  provide  a  sure 
and  ready  means  of  lowering  the  scoop  into  the  trough ;  this  problem, 
however,  has  been  solved  iu  a  most  satisfactory  manner,  rendering  that 
part  of  the  operation  of  taking  water  quite  independent  of  the  thoughtful- 
ness  or  skill  of  the  driver,  viz.,  by  simply  lowering  the  level  of  the  rails 
with  an  easy  slope  in  the  whole  length  of  the  trough,  as  shown  in  Fig.  5. 

The  trough  laid  down  on  the  Holyhead  line  is  about  a  quarter  of  a  mile 
long,  cast  in  lengths  of  about  6ft.,  and  made  water  tight,  and  flexible  at 
the  joints  by  the  interposition  of  a  round  strip  of  india  rubber.  The 
maximum  quantity  of  water  which  may  be  raised,  is  equal  to  the  area  of 
the  scoop  multiplied  by  the  length  of  the  trough,  and  in  the  case  instanced 
amounts  to  1150  gallons ;  the  results  obtained  in  practice  are  as  follows : — 

at  15  miles 0  gallons. 

at  22  do 1060      do. 

at  33  do 1080      do. 

at  41  do 1150      do. 

at  50  do 1070      do. 

showing  that  the  apparatus  may  safely  be  relied  upon  at  any  speed  upwards 
of  20  miles. 


This  is  unquestionably  one  of  the  most  interesting  applications  of  a 
principle  in  hydraulics  known  to  us  since  the  days  of  Toricelli,  and  which 
will  probably  become  very  general  in  the  railway  practice  of  thinly-popu- 
lated countries  abounding  with  clear  water  courses ;  it  recommends 
itself  at  once  also  on  the  score  of  economy  since  it  saves  both 
the  working  expense  of  raising  the  water  into  an  elevated  tank,  and  the 
first  cost  of  the  pumping  machinery.  Independently  of  this  it  is  deserving 
of  special  notice,  on  account  of  its  ingenuity. 
(To  be  continued.) 


SUBMAEINE  TELEGEAPHY. 

Captain  Selwyn,  E.N.  proposes  to  employ  an  apparatus  for  paying  out 
electric  telegraph  cables,  which  he  has  described  as  follows : — 

One,  two,  or  more  cylinders,  if  preferred,  of  plate  iron,  £in.  thick,  are 
constructed  to  carry  such  portion  or  portions  of  the  cable  to  be  laid  as  may 
be  thought  desirable ;  but  as  it  is  most  convenient  to  make  the  necessary 
calculations  on  some  known  basis,  the  Atlantic  cable  is  first  taken  as  an 
illustration. 

That  cable  weighs  one  ton  per  mile  in  air.  In  water  14  cwt.  Its 
diameter  is  fin.  Its  cost  about  £100  per  mile.  The  distance  laid  is  2022 
miles,  and  the  distance  between  Valencia,  Ireland,  and  Trinity  Bay,  New- 
foundland, is  1650  nautical  miles,  3000  miles  will  be  taken  as  necessary  in 
these  calculations. 


Fig.  1. 

The  size  of  cylinder,  with  paddle  wheels  attached,  which  will  carry  1500 
tons,  or  half  the  cable,  at  less  than  half  immersion, — say  about  20ft. 
draught, — is  60tt.  long  and  50ft.  diameter,  this  gives  a  tonnage  of  3366. 
The  cylinder  being  formed  of  Jin.  iron  plate  throughout  with  double  ends, 
3  partitions,  wheels,  frame  and  stays,  rivets,  angle  irons,  &c,  the  rough 
estimate  of  weight  is  300  tons,  which  at  £20  per  ton  (to  allow  for  manu- 
facturer's profit),  will  be  £6000  total  cost. 


Fig.  2. 

But  the  present  light  cables  may  be  carried  at  considerably  less  expense, 
if,  indeed,  one  or  two  thousand  pounds  be  considered  an  object  in  carrying 
a  cable,  whose  cost  must  be  reckoned  by  hundreds  of  thousands,  and  in 
which  a  difference  of  6d.  per  lb.  in  the  expense  of  manufacturing  the 
gutta-percha  would  more  than  cover  the  whole  of  the  cost  of  laying  by 
these  means,  that  difference  (as  4001b.  of  gutta-percha  are  used  in  each 
mile,  of  3000  miles)  being  equal  to  £30,000. 

In  the  accompanying  diagrams,  Fig.  1  represents  a  horizontal  sectional 
plan  of  the   cylinder,   &c,  A  being  the  layers  of  cable  coiled  round  the 
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cylinder  B,  which  is  formed  in  four  compartments;  C  is  the  hollow  axle; 
D  D  the  paddles  at  each  end  of  the  cylinder ;  E  E  the  ends  of  the  cylinder ; 
F  is  the  external  frame  by  means  of  which  the  apparatus  is  towed ;  G  is 
the  tube  through  which  the  inner  end  of  the  cable  is  led.  Figure  2  is  an 
end  view  of  the  apparatus. 

The  draught  of  water  of  such  a  cylinder  will  be  about  6ft.  when  light, 
and  it  would  in  that  state  take  a  weight  of  5  tons  at  10ft.  from  the  centre, 
to  deflect  it  one  quarter  of  a  degree  from  the  horizontal.  With  reference 
to  the  objection  advanced  on  acconnt  of  the  resistance  to  towing,  which 
will  he  considerable  when  not  laying  cable,  Capt.  Selwyn  argues  that  the 
drawback  on  this  account  is  not  of  so  serious  a  character  as  might  be 
anticipated  ;  one  steamer,  it  is  well  known,  can  tow  another  of  her  own 
size  at  a  very  small  diminution  of  her  speed. 

Thus,  if  800  horse-power  propel  a  ship  10  knots,  then  two  ships  of  equal 
size  will  be  propelled  by  the  same  power  acting  in  one  of  them,  not  5  knots, 
but  8  nearly.* 

If,  during  the  laying,  the  cable  should  by  any  accident  be  broken,  means 
are  provided  by  which  the  cable  may  be  caught  and  held,  even  miles  astern 
of  the  ship,  until  she  can  go  back,  and,  picking  it  up,  make  a  splice,  and 
proceed  anew.  If  the  cylinder  be  cast  off,  or  the  tow  ropes  broken,  so  soon 
as  any  strain  is  felt  upon  the  cable  by  the  drift  to  leeward  of  the  cylinder, 
the  result  will  be,  that  the  cylinder  will  turn  round  and  "ride  to"  the 
cable,  veering  slowly  in  answer  to  the  strain,  but  resisting  any  rapid  pulling 
off  of  cab'e  by  the  beating  of  the  paddles  on  the  water, 

Arrangements  are  made  for  reefing  or  expanding  the  paddles  during 
revolution,  so  as  to  regulate  the  amount  of  slack,  or  tightness,  of  cable  as 
desired.  Also  for  testing  through  the  cable  electrically  during  the  coiling 
on,  or  laying,  by  passing  the  end  of  the  cable,  which  is  first  coiled  on,  out 
through  one  of  the  axles ;  there  it  is  allowed  to  turn  freely,  in  contact 
with  a  spring,  or  dipping  into  a  cup  of  mercury,  as  preferred.  The  details 
of  the  calculations  of  weight  and  cost  of  cylinder  for  carrying  a  sub- 
marine telegraphic  cable,  such  as  the  Atlantic,  are  thus  stated  by  Capt. 
Selwyn  : — 

Ton.    cwt.    qr. 
Weight  of  cable  in  air  per  mile  ..  ...       1        O        0 

„  in  water  0      11        0 

Diameter %  inch. 

Length      3000  miles. 

The  cable  to  be  carried  thus.  Two  cylinders  are  to  be  built  of  Jin.  iron, 
each  60ft.  long  by  50ft.  diameter,  with  double  ends  2ft.  apart,  and  paddle 
wheels  attached,  the  ends  to  have  a  diameter  of  56ft.,  and  the  whole  to  be 
surrounded  by  a  frame,  in  which  the  axles  revolve.  The  tonnage  of  each 
of  these  will  be  as  follows: — 

Area  of  50ft.  =  190,350  x  GO  length  =  11781000  -r-  35  (cubic  ft.  in  one  ton) 
=  3300  tons  burden. 

Ends  :— area  of  5Cft.  =  17G  x  2ft.  wide=352  x  2in.  =  704^35 =20  tons. 

Thai  wc  pet  a  total  supporting  power  of  3,380  tons.  The  weight  of  cable  to  be 
earned,  at,  say,  one-third  immersion,  will  he  thus  !  of  1500=500,  therefore  we 
have  LOGO  tons  plus  (olmx  11  cwt.)  850  tons,  or  1860  tons  weight  of  cable.     The 

f         tonnage  338(5-1350  cwt.  of  cablc=2036;  2036-1350=085  tons  less  than 
alf  immersion. 

Now  the  weight  of  the  cylinder  will  be  about  300  tons,  this  also  must 
be  taken  into  consideration;  (586  tons — 300  tons,  leaves  3S6  tons  less 
than  half-immersion  as  the  datum  for  calculating  draught  of  water — 

60  x  50=3000  cubic  fcet-r-35  (number  of  cubic  feet  in  one  ton)  =  85  tons  for 
the  first  foot. 

Now  roughly  dividing  380  by  85  gives  about  4ft.  6in.  as  the  draught  cor- 
responding to  386  tons.  This  means  4ft.  6in.  less  than  half-immersion,  or 
20ft.  6in.  as  the  load  draught. 

The  calculations  of  weight  arc  as  follows  :  — 


4  Ends,  56  Feet  Diameter. 


56  ft. 


Area. 
=  246,301 


985,204     x     20         = 


Assumed  weight  of  frame,   wheels,  stays,   rivets, 
angle  irou,  cuttings,  &c,  &c,  80  tons,  or 


Total. 


Weight  of 

Ends: 
lbs. 

197,040 


179,200 
682,546 


682,546 
2240 


304i  tons. 


Total  weight  of  cylinders  and  attachments  304  tons,  multiplied  by  £20  per 
ton,  to  get  probable  cost,  gives  £6080. 

Next,  there  is  the  calculation  of  the  thickness  of  cable  when  reeled  on 
cylinder ;  the  total  number  of  miles  in  one  layer ;  and  the  number  of 
layers  on  the  cylinder  when  1500  miles  are  coiled  on. 

Diameter  of  cable,  five-eighths  of  an  inch  ;  length.  1500  miles  ;  mean  diameter 
of  cylinder  and  cable,  52ft. :  length  of  barrel.  60ft. 

Then- 
Circumference  of  52  feet  =  163'36 

Number  of  turns   of    five- eighths  of 
=  188409-424.  and 

188409-421 

6082* 


an    inch   iu  60ft.   11534 


163-36 


=  309,    and 


1500" 
309 


48"5  layers. 


IHitKEL. 

Length  of  Ctrcomftxraot  No.  of  His.  in 

;•  r.  of  50ft,  diameter,  l  iq.  toot, 

foft,        x         167,080       94,248    m     20 


8  Pautitions. 

Area 
190,860   x   8-»  689,060     X     80 


60  ft. 


Weight  of 

lllinrl. 

lbs. 
188,490 


Partitions, 

lbs, 
117,810 


*  Capt.  Selwyn  Matos  an  in  Illustration   of  Steam  towing,  tlinl   Cl]  I  'mall 

(trail  ■■<.  length,  8fl  beam,  and  drawing  lft.9ln.ol  water;  towed  the  Axnerl 

tona  burthen,  on  the  Tbomo  ,  Mth  Msy,  is:i",  at  the  rat'  oi  i, 
Knots  per  hour  again«t  t i < ! »- . 


4S-5  x  5^8=2ft.  Gin.  thickness  of  1500  miles  of  cable  when  reeled  on. 
The  cylinder  should,  alter  launching,  be  brought  to  the  nearest  wharl 
which  has  the  required  depth  of  water  for  its  flotation  when  loaded. 
Being  moored  off,  it  may  either  be  set  in  motion  by  the  tide  or  current, 
or  if  in  dock,  the  paddle  floats  being  taken  off,  or  reefed  in,  it  may  be 
caused  to  revolve  by  bands  from  portable  steam  engines  on  the  wharf,  and 
the  cable  will  be  coiled  on  as  cotton  on  a  reel.  Testing  with  the  cable  in 
water  can  be  carried  on  during  the  whole  of  this  operation,  the  inner  end 
having  (before  beginning  the  coiling)  been  passed  out  through  one  of  the 
axle-ends.  The  next  thing  will  be  to  replace  the  paddle  floats,  if  these 
have  been  reefed  or  taken  oil';  and  now  with  the  end  secured,  the  cylinder 
may  be  taken  in  tow  for  its  destination.  The  paddle-wheels  will  cause 
revolution,  and  diminish,  by  so  much,  the  retarding  effects  of  friction. 

Having  arrived  at  the  point  in  mid-ocean  or  elsewhere,  from  which  the 
operation  of  laying  is  to  commence,  the  ends  of  the  cable,  of  which  1500 
miles  will  be  on  each  of  the  two  cylinders,  are  joined  up,  and  the  towing 
vessels  start  for  their  respective  shores. 

Any  speed  judged  desirable,  or  which  the  towing  vessel  is  able  to  ac- 
complish, may  be  kept  up  regularly  and  without  danger.  A  speed  of  10 
knots  would  cause  the  cylinder  to  revolve  at  the  rate  of  about  six  turns 
per  minute,  or  the  outside  of  the  cylinder  would  have  speed  of  L018'6ft.  in 
a  minute,  which,  for  a  paddle-wheel,  is  no!  excessive,  the  Great  Eastern 
having  considerably  more.     Supposing  each  ship  to  have  gradually  reached 

I  even  this  speed,  and  that  the  curve  of  cable  between  them  were  LOO  miles, 
it  is  clear  that  any  surge  caused  by  a  wave  would  be  felt,  first  by  the  ship, 
next  by  tin-  cylinder  tow  ropes,  which  will  have  an  elasticity  due  to  the 
catenary  curve  in  which  they  must  hang,  and  then  by  the  cylinder  ;  and  last 
of  all,  and  but  slightly,  by  the  cable,  which  is  at  no  time  absolutely  checked 

i  in  its  unwinding. 

When  the  pull  comes  on  the  cylinder,  the  immediate  result  is  to  bring 
a  greater  turning  force  on  the  paddle  floats,  anil  thereby  to  give  off  more 

cable  than  the  LO-knol  speed  required. 

Further,   to  obviate  any  possible  strain  t<>  the  cable,  there  is  a  provision 

as  has  before  been  stated,  for  expanding)  or  reefing,  the  paddle   floats 

while  towing,  so  thai  the  diameter  of  the  wheels,  which  govern  therevo- 

[lotions,  can  be  increased  or  diminished,  relatively  to  the  barrel  of  the 

cylinder,  the  result  being,  that  as  muoh,  or  as  little,  slack  is  laid  as  maj 

be  proper. 

while  there  is  great  depth  of  water,  and  consequently  great  suspended 
weight  of  cable,  the  wheels  will  be  deeplj  Immersed,  and  great  resistance 
will  be  opposed  bo  any  more  cable  being  dragged  off,  than  theperaentage 
of  slack  which  has  heon  decided  on.  If  the  depth  alters,  the  resistance  im- 
mediately men- mc.  oi    diminishes  with  it.  h\   the  weight  of  cable  hanging 

ni. dcr  being  also  altered,  and  as  the  oabls  goes  off,  the  cylinder  rises  on!  of 
i  he  water,  oppi  tanoe  to  towing,  and  has  fewer  floats  Immersed. 

As  the  shore  Is  approached,  the  draught  of  water  will  have  Lessened,  so 
that  the  cylinder  itself  may,  If  requisite,  be  towed  Into  the  harbour, 
instead  of  a  second  shifting  into  boat-,  which  may  easily  be   n   cause  of 

damage. 

•  No.  offi'it  In  unc  nautical  mllo. 
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WALKER'S  DIAPHRAGM  MUD-FORCING  PUMP. 

This  pump  has  been  specially  designed  to  obviate  the  objections 
which  have  hitherto  existed  against  the  employment  of  any  con- 
trivances in  which  water,  highly  charged  with  solid  matter,  is  allowed 
access  to  the  working  barrel   of  the  pump. 

It  will  be  seen  from  the  accompanying  illustration,  that  in  the  pump  under 
notice  the  thick  muddy 
water  never  passes  above 
the  vulcanized  india  rubber 
diaphragm  D  D  D,  which 
oscillates  in  the  chamber  C, 
with  the  piston  or  plunger  B. 
A,  being  the  working  barrel 
or  cylinder ;  E,  the  suction 
pipe  ;  F  P,  suction  valves  ; 
G  G,  delivery  valves;  H, 
delivery  pipe  ;  I,  air 
chamber ;  K,  tap  to  let  out 
the  air  from,  and  water  into 
the  cylinder  when  first  start- 
ing the  pump;  L  is  the 
connecting  rod. 

Double  valves  are  pro- 
vided both  above  and  below 
the  diaphragm,  so  that  in 
case  of  one  valve  beingfouled, 
the  action  of  the  pump  may 
still  be  carried  on  without 
interruption. 

This  pump  is  now  being 
tried  at  Birmingham,  where 
the  whole  sewage  of  the 
town  is  collected  in  large 
ponds  at  Saltley,  and  where 
the  deposit  has  hitherto 
been  a  source  of  great 
expense.  Pumps  of  this 
description  may  probably 
be  found  a  valuable  sub- 
stitution for  the  filth- 
hoists  proposed  for  the  out- 
fall tanks  of  the  Metro- 
politan Board  of  Works. 

The  employment  of  this 
pump  which  will  effectually 
distribute  liquids,  however 
copiously  they  may  be 
charged  with  solid  matter, 
is  well  worth  the  considera- 
of  all  public  bodies  having 
to  deal  with  large  quantities 
of  sewage. 


THE  ENGINEERS  OF  THE  ROYAL  NAVY. 

We  have  on  frequent  occasions  endeavoured  to  make  out  a  case  on 
behalf  of  the  Engineers  of  the  Royal  Navy,  and  the  great  and  urgent 
necessity  which  has  so  long  existed  for  an  improvement  in  the  status,  the 
pay,  and  treatment  of  this  most  valuable  body  of  naval  officers. 

Our  attention  has  been  drawn  to  the  printed  document  prepared  for,  and 
sent  to  the  members  of  the  Committee  of  the  House  of  Commons,  on 
the  promotion  and  retirement  of  naval  officers  ;  and  as  we  consider  the 
subject  one  of  national  importance,  we  give  a  copy  of  the  document  in  ex- 
lenso. 

"Royal  Naval  Engineers. 

"  The  following  is  a  statement  of  the  disabilities  under  which  the  Royal  Naval 
Engineers  consider  they  labour,  and  of  what  they  deem  necessary  to  place  them 
on  a  more  satisfactory  footing  than  they  at  present  occupy  in  Her  Maiesty's 
service : — 

"  1st.  That  the  pay  of  Naval  Engineers  is  insufficient,  and  that  an  increase  of  pay 
n  their  case  would  be  a  measure  not  only  of  justice  but  of  wise  econony.  Of 
ustice,  because  with  their  present  rates  of  pay  they  are  unable  to  maintain  the 
position  then-  rank  m  the  Service  demands,  and  also  because  the  other  officers  of 
the  civil  branch,  of  equal  rank,  are  better  paid  for  services  which  the  engineers 
consider  are  neither  more  responsible  or  arduous  than  their  own.  And  of  a 
wise  economy,  because  by  increasing  the  pay,  the  Admiralty  would  then  be  able  to 
secure  the  best  of  the  engineering  talent  of  the  country  for  the  Royal  Navy,  and 
as  the  duties  and  responsibilities  of  the  engineers  are  daily  increasing  in  conse- 
quence 01  the  various  additions  and  alterations  to  the  mechanical  arrangements 
01  ships  generally,  so  also  is  the  necessity  for  increased  skill  and  intelligence  on 
the  part  of  the  Engineers. 


"  2nd.  That  Naval  Engineers  be  permitted  to  retire  at  an  earlier  age  than  at  pre- 
sent allowed,  with  an  addition  to  the  rate  of  half-pay  to  which  they  may  be  en- 
titled. Te  request  for  retirement  is  submitted  on  the  consideration,  that  from 
the  peculiar  and  trying  nature  of  an  engineer's  duties,  his  constitution  receives 
injury,  and  as  a  rule  it  will  be  found  he  is  physically  incapacitated  at  an  earlier 
age  than  60  years,  for  the  active  discharge  of  the  duties  of  a  Chief  Engineer 
at  sea. 

"3rd.  That  the  accommodation  for  Assistant  Engineers,  is — as  a  rule — positively 
bad ;  that  it  would  be  conducive  to  the  good  of  the  Service  if  they  were  made 
Gun-room  Officers;  that  the  senior  Assistant  in  all  ships  should  have  a  cabin,  and 
that  when  an  Assistant  Engineer  is  in  charge,  he  mess  in  the  Ward-room.  The 
accommodation  generally  is  so  bad,  that  we  believe  it  to  be  one  great  cause  of 
disease,  and  were  the  Assistant  Engineers  made  Gun-room  Officers,  we  believe  it 
would  tend  not  only  to  improve  those  already  in  the  service,  but  be  the  means  of 
inducing  a  superior  class  of  candidates  to  offer  themselves  for  entry,  as  well  as 
saving  space  in  the  ship.  The  peculiar  duties  devolving  upon  the  Senior  Assistant, 
make  the  want  of  a  cabin  more  felt  by  him  than  by  any  of  the  others.  Allow- 
ing the  Assistant  Engineer  in  charge  of  the  machinery  to  mess  in  the  Ward-room 
would  be  beneficial  to  the  Service,  by  placing  him  in  close  communication  with  • 
the  other  heads  of  departments  in  the  ship,  and  materially  strengthen  his  posi- 
tion in  the  execution  of  his  duty. 

"  4th.  That  Assistant  Engineers,  after  serving  the  prescribed  period,  and  having 
passed  either  a  provisional  or  other  examination,  receive  the  pay  of  the  next 
higher  class,  that  after  becoming  commissioned  officers  they  be  allowed  a  scale 
of  half  pay,  and  that  all  time  served  from  date  of  entry  count  for  full  and  half 
pay,  their  names  also  to  appear  in  the  Navy  List  on  becoming  commissioned 
officers.  Under  the  present  system  the  Assistant  Engineer  after  serving  the  sti- 
pulated period,  and  passing  his  examination  for  a  higher  class,  is  kept  waiting 
for  his  promotion,  generally  for  a  long  and  indefinite  period,  which  we  think 
ought  not  to  be  the  case. 

"  5th.  That  the  widows  of  engineers  be  granted  ordinary  pensions.  They  feel 
convinced  that  this  measure  is  one  of  great  moment  to  the  junior  branches  of 
the  class.  The  nature  of  an  engineer's  duties  frequently  impairing  or  destroying 
the  health  of  the  most  robust,  before  they  attain  the  position  of  Chief  Engineer. 

"  6th.  That  a  distinct  rate  of  half-pay  be  granted  to  Inspectors  of  Machinery 
afloat,  according  to  their  rank,  and  that  full  and  half-pay  both  of  inspectors  of 
machinery  and  chief  engineers  be  allowed  to  increase  at  a  proportionate  rate  for 
each  year's  full  pay  service,  as  the  present  system  of  requiring  five  years'  ser- 
vice to  be  completed,  for  an  increase  of  full  and  half  pay,  is  productive  of  great 
hardship  to  those  officers  who  from  illness  or  inability  to  procure  employment 
fall  short  (possibly  by  only  a  few  months)  of  the  required  time,  and  thereby  lose 
the  advantage  of  their  service  during  the  remainder  of  the  interval. 

"  7th.  The  Engineers  of  the  Royal  Navy,  viewing  with  satisfaction  the  course 
pursued  from  time  to  time  by  their  lordships  in  appointing  Naval  Engineers  to 
fill  vacancies  in  the  various  dockyards,  trust  the  practice  will  be  continued,  as 
they  are  convinced  such  a  course  has  been,  and  will  be,  productive  of  much  good, 
and  benefit  the  public  service." 

The  claims  advanced  by  the  naval  engineers,  we  have  no  hesitation  in 
stating,  are  very  moderate  in  their  character,  and  we  hope  that,  not  only  in 
common  fairness,  but  for  reasons  of  policy  that  now  the  question  of  naval 
improvement  is  occupying  a  very  prominent  share  of  public  attention, 
that  the  claims  of  the  engineers  may  meet  with  that  consideration  to 
which  the  importance  of  their  position  entitles  them. 

The  fact  is,  it  is  a  rather  difficult  matter  for  an  outsider  to  comprehend 
the  peculiar  phases  of  naval  life, — its  distinctions  and  divisions, — yet,  to 
rightly  understand  the  wants  of  the  Engineers  as  Naval  Officers,  these 
divisions  and  distinctions,  should  to  a  great  extent  be  understood.  Now 
we  will  believe  it  will  be  conceded  that  most  questions  involving  class  im- 
provements are  in  a  great  measure,  comparative,  and  Engineers  in  Her 
Majesty's  navy  have  a  right  to  compare  their  position  and  emoluments  with 
those  of  the  engineers  of  other  governments,  and  with  our  own  mercantile 
marine. 

We  will  now  briefly  refer  to  the  several  clauses  of  the  printed  state- 
ment. The  first  states  that  the  pay  is  "  insufficient  to  maintain  the  position, 
which  their  rank,"  &c,  and  here  perhaps  a  little  consideration  of  naval  rank 
may  not  be  out  of  place.  Of  course,  every  individual  in  the  Navy,  as  in 
the  mercantile  marine,  holds  a  certain  rank  or  position,  supposed  to  follow 
from  the  nature  and  importance  of  his  duties — but  the  great  distinction  of 
the  naval  service  is  in  its  division  into  military  and  civil  branches.  The 
first  includes  Admirals,  Captains,  Lieutenants,  Masters,  &c.,  the  latter 
embraces  Engineers,  Surgeons,  and  Paymasters.  The  former  are  called 
Executives,  the  latter  Civilians.  The  former  aspire  to  command,  and  to  a 
very  great  extent  monopolise  all  the  honours  and  rewards  the  naval  service 
has  to  offer.  The  latter — at  all  events,  the  engineers — enter  the  service  as 
a  profession,  in  which  at  least  a  respectable  livelihood  ought  to  be  obtained. 
The  former  are  more  particularly  the  class  to  which  Lord  Palmerston 
referred  when  he  asserted  in  the  House  of  Commons,  "  that  the  honour  of 
holding  a  commission  in  the  Navy  was  to  be  considered  as  a  fair  set  off  to 
an  acknowledged  smallness  of  pay."  The  civilian  class,  however,  cannot 
accept  that  supposed  honour  as  an  equivalent  for  the  hard  cash  which 
their  labour  and  skill  fairly  entitles  them  to  receive. 

True  the  rank  which  Naval  Engineers  hold  is  little  more  than  nominal, 
for  it  still  leaves  them — and,  it  is  to  be  presumed,  necessarily  so — as  the 
regulations  state  "  in  all  such  details  and"  matters  as  relate  to  the  service 
on  which  they  are  employed,  subject  to  the  authority  of  the  executive 
officers  of  the  military  branch." 
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This  nominal  or  relative  rank,  therefore,  merely  gives  a  certain  standing 
in  the  ship,  while  it  entails  as  a  consequence  an  expensive  style  of  messing 
and  uniform. 

Engineers,  then,  few  of  whom  can  be  expected  to  possess  private  means, 
have  a  right  to  ask  that  their  pay  shall  be  such  as  to  enable  tbem 
to  maintain  their  position,  not  in  extravagance  certainly,  but  fairly  and 
honourably  to  pay  their  way,  without  running  into  embarrasment, 
in  order  to  maintain  an  appearance  while  in  commission,  when  too 
often  a  wife  and  family  is  left  at  home  struggling  through  difficulty 
and  debt,  to  make  "  both  ends  meet." 

Again,  "other  officers  of  the  Civil  branch  are  better  paid  for  services 
neither  more  responsible  nor  more  arduous.  We  do  not  think  the  En- 
gineers can  be  charged  with  presumption  in  mak  ing  this  comparative 
statement  of  the  relative  importance  of  the  duties  of  the  Civil  Officers ;  for 
instance,  howsver  essential  the  duties  of  a  surgeon  may  be,  and  however 
necessary  the  labours  of  a  paymaster,  we  think  it  will  be  readily  ad- 
mitted that  in  a  war  ship  especially,  an  Engineer  is  at  least  as  indispen- 
sable as  either  of  the  preceding  officers.  Why  then,  we  may  well  ask, 
are  they  so  much  better  paid  ?  The  medical  officer  (and  we  should  indeed 
be  sorry  if  we  were  understood  to  imply  that  he  is  too  well  paid)  receives 
10*.  per  day  the  first  day  he  joins  the  service,  while  the  young  engineer 
commences  at  6*.  The  surgeon,  on  his  promotion,  which  usually  takes 
place  in  about  seven  or  eight  years  from  his  entry  into  the  navy,  gets  15s. 
per  day,  while  the  Engineer,  who  seldom  gets  his  promotion  to  chief  in 
less  than  twelve  or  thirteen  years,  receives  but  10s.  Gd.  per  day.  Xor  is 
this  injustice  removed  by  length  of  service,  as  will  be  seen  from  a  glance  at 
the  highest  rates  of  pay  to  which  each  of  the  classes  of  civil  officers  can, 
under  any  circumstances,  attain. 

The  pay  of  a  Medical  Inspector  is  £821  per  annum,  that  of  a  first-class 
Paymaster  is  £'G00  per  annum,  while  the  highest  pay  of  an  Inspector  of 
Machinery  is  but  £101  per  annum.  These  immense  differences  must  ap- 
pear the  more  striking  when  we  consider  the  importance  of  the  duties 
devolving  upon  an  Inspector  of  Machinery  of  a  fleet  composed  of  say  only 
a  dozen  of  our  modern  line  of  battle  ships,  or  iron  frigates,  and  yet  with 
all  that  responsibility  his  pay  is  some  £200  per  year  less  than  that  of  a 
first-class  Paymaster. 

The  next  point  in  the  printed  statement,  is  that  Engineers  should  be 
allowed  to  retire  at  an  earlier  age  than  GO  years.  This  seems  to  us  a  very 
reasonable  request,  when  we  consider  the  arduous  nature  of  engine-room 
duties.  An  Engineer  of  GO  years  of  age,  implies  about  35  or  10  years  of 
active  service  in  all  parts  of  the  world,  from  the  coast  of  Africa  to  the 
Arctic  regions,  and  his  chances  of  enjoying  his  half  pay  after  that  time 
are  small  indeed. 

The  third  clause  refers  to  the  accommodation  provided  for  Assistant 
Engineers.  Xow  let  us  imagine  a  young  Engineer,  of  good  education  and 
ability,  of  fair  social  position,  and  accustomed  to  the  comforts  of  a  good 
home,  entering  the  service.  His  first  night  on  ship-hoard  is  almost  suffi- 
cient to  sicken  him.  A  hammock  to  sleep  in,  the  open  deck  to  undress 
upon,  no  partition,  even  of  canvass,  to  screen  him  from  the  sights  and 
sounds  of  stokers,  marines,  and  sailors,  he  may  well  feel  disgusted  with 
his  new  career;  yet  so  difficult  is  it  to  provide  a  remedy  for  this  state  of 
things,  that  it  appears  cabin  accommodations  is  only  asked  for  the  senior 
assistant  in  all  ships. 

The  necessity  for  making  the  junior  Engineers,  Gun-room  officers  is  very 
great,  not  because  Engineers  are  willing  to  admit  that  an  entry  into  the 
Gun-room  would  be  an  elevation  or  an  honour  to  themselves,  but  because 
while  they  mess  by  themselves,  other  officers  in  the  ship  are  enabled,  and 
in  most  instances  do,  treat  them  with  neglect  and  indifference.  Their  rank 
is  at  all  possible  times  ignored,  anil  their  being  banished — as  they  are  in 
the  Warrior  and  lilnrk  Prince,  anil  many  other  vessels — to  the  fore  part 
of  the  ship,  away  from  all  contact  with  the  other  officers,  is  looked  upon 
and  urged  as  a  proof  that  the  rank  which  the  Admiralty  have  given  them 
is  really  only  nominal,  and  was  not  intended  to  confer  upon  them  such 
claims  to  considerate  treatment,  as  itjlocs  in  the  case  of  the  other  junior 
olliecrs. 

On  referring  to  the  classes  of  junior  Engineers  and  the  officers  in  the 

(Inn-room  with  whom  they  rank,  it  appears  that  the 

c  Sub-Lieutenant, 

Engineer  ranks  with  )    Second  .Master, 

(.    Assistant  Paymaster. 


Assistant  Engineers,  1st  k  2nd  class,  with 


Midshipman, 
Master's  Assistant, 

i]  Cadet, 
clerk  and  Assistant  Clerk. 


Thus  it  will  he  seen  that   the   Assistant    Engineers  rank   with  the  s. 

of  the  Gun-room  Mess;  so  that,  asking  that  they  may  he  allowed  to  mess 
in  the  (inn-room,  is  not  asking  for  a  rise,  but  merely  to  prevent  a  con- 
tinnance  of  that  system  of  exchisivencss  on  the  part  of  other  officers 
which  the  present  plan  of  a  separate  mess  enables  thrni  to  adopt,  and 
seems  partly  to, justify, 


The  request  that  the  Engineer  in  charge  of  the  machinery  of  a  ship  be 
allowed  to  mess  in  the  Ward-room  is,  we  consider,  reasonable  enough, 
seeing  that  he  is  virtually  Chief  Engineer  of  that  ship,  although  his  rank 
in  the  service  may  only  be  Engineer,  or,  perhaps,  First-class  Assistant. 

The  fourth  clause  needs  some  further  explanation,  and  this  is  rendered 
rather  more  difficult  through  what  appears  to  us  to  be  a  very  absurd 
change  in  the  titles  of  Assistant  Engineers.  Until  about  a  year  ago,  all 
Engineers  below  the  rank  of  Chief,  were,  rightly  enough,  called  Assistant 
Engineers  of  the  1st,  2nd,  and  3rd  classes.  Since  then,  however,  the  3rd 
class  has  been  abolished,  and  the  titles  of  "  Engineer,"  Assistant  Engineer 
1st  Class,  and  Assistant  Engineer  2nd  Class  take  their  place,  hut,  whilst 
this  alteration  certainly  produces  a  considerable  amount  of  confusion  when 
endeavouring  to  speak  or  write  about  Xaval  Engineers,  it  is  not  considered 
a  "grievance."  What  is  to  be  complained  of,  however,  is,  that  when  the 
young  Engineer,  who  was  told  before  he  entered,  that  he  had  to  serve 
three  years  in  one  grade,  two  years  in  another,  and  three  years  in  a  third, 
&c,  has  served  these  stipulated  periods,  he  does  not  really  get  his  promised 
promotion  for  months,  and  in  some  cases,  we  believe,  as  much  as  a  couple 
of  years  pass.  There  are  other  officers,  we  believe,  in  the  same  predica- 
ment, but  the  grievance  tells  much  more  heavily  on  the  Engineers,  in 
consequence  of  the  number  of  grades  through  which  they  are  made  to 
pass,  and  the  number  of  examinations  they  have  to  undergo. 

This  is  really  a  great  grievance,  and  we  have  heard  of  some  very  excel- 
lent Assistants  who  are  getting  weary  and  disgusted  with  the  service  from 
this  very  cause. 

We  are  informed  that  there  are  private  and  confidential  reports  sent 
quarterly  from  the  Captains  of  Ii.M.  ships  to  the  Admiralty,  as  to  the 
character  and  conduct  of  all  officers,  and  the  young  Engineer  who  is  kept 
waiting  month  after  month  for  his  "  step  "  naturally  suspects,  that  in  spite 
of  the  "good"  certificate  he  may  hold,  he  has  been  injured  in  some  way 
by  a  previous  private  and  confidential  report. 

It  is  asked  that  "  all  time  served  from  date  on  entry  count  for  full  and  half 
pay."  Wecannot  understand  why  the  younger  years  of  a  man's  life  should  be 
thrown  away,  and  why,  if  any  time  at  all  which  an  engineer  serves  ought 
to  be  reckoned,  the  whole  of  it  should  not  be  taken  into  account.  At 
present  the  engineer  who  enters  the  service  at  21  years  of  age,  and  is 
lucky  enough  to  arrive  at  the  position  of  Chief  Engineer  at  the  age  of  33 
or  34,  loses  entirely  at  least  eight  years  of  his  time.  Medical  officers,  on 
the  other  hand,  count  their  time  from  the  moment  they  enter,  and  we 
think  Engineers  should  also  have  that  right  extended  to  them.  The  re- 
quest is  also  urged  that  when  an  Assistant  becomes  a  commissioned  officer 
he  should  be  allowed  a  scale  of  half-pay. 

Assistant  Engineers  are  the  only  class  of  commissioned  officers  who 
not  allowed  half-pay,  which  they  consider  is  an  invidious  distinction,  tend- 
ing, with  other  things,  to  lower  them  in  the  estimation  of  other  officers. 
They  are  allowed  a  scale  of  harbour  pay  ;  with  the  amount  of  which  they 
do  not  so  much  complain,  as  of  the  compulsory  attendance  at  one  of  the 
dockyards,  which  it  enforces  upon  them.  Other  officers,  after  a  three 
or  four  years  absence,  receive  their  halt-pay  and  are  thus  able  to  visit 
their  friends  in  various  parts  of  the  country,  recruiting  their  health,  and 
enjoying  some  of  those  social  amenities  to  which,  however,  the  engineer 
is  expected  to  bid  adieu  when  he  enters  Her  Majesty's  Navy,  and  when 
it  is  seen  that  the  half-pay  which  is  granted  to  an  Assistant  Surgeon — 
with  whom  only  the  engineer  can  fairly  be  compared — is  greater  even  than 
that  allowed  to  a  Chief  Engineer,  the  Assistant  Engineer,  with  his  harboui 
pay  and  dockyard  attendance,  has  a  right  to  complain. 

"Their  names  also  to  appeal  on  the  Navj  List,  &e."  Mere  again 
engineers  are  the  only  commissioned  olliecrs  whose  names  d<>  not  appear 
on  the  official  lists— published  quarterly— and  when  it  i-  known  what  fin  - 

quent  changes  take  pis  the  junior  officers  of  ships sta- 

tions,  it  is  not  surprising  that  the  friend-  of  an  Assistant  Engineer  very  fre- 
quently lose  sight  of  him  altogether  I  inless  thej  happen  to  be 
in  personal  communication  with  him. 

\v.    need  bardVj   sny  anything  »s   to   olause  •'••     It    is   self-evident, 
Uy  when  the  fact  is  considered  that   the  average  time  it   takes  to 

arrive  at    tin  ol    Chief   Engineer  is  thirteen    \eai-.  and    tli.it     there 

must  be  man]  who  can  never  arrive  at  that  position  at  all. 

Paragraph  6  is  oi f  great  importance,  but  ascent   the  Bret   point,  it 

comes  under  the  old  and  most  Important  head  ot  pay.     More  paj  is  what 

it  aflSi'pnj  to  increase  annually  Instead  of  ever}  Rve years,  as  at  present. 

The  Brat   point,  however,  d  me  consideration;  tbi  or  of 

Machinery  should,  we  think,  be  s  distinct  rank  of  Itself,  carrying  with 
it  distinct  lull  and  half-pay,  At  present,  however,  the  Inspector  of 
Machinery,  after  ponslble  position  for  any 

number  of  tarns  to  the    eala  of  half-pay   to  which   he   would 

have  been  entitled  bad  he  remained  simply  a   Chief    Engineer, 
were  it   not  an  injustice,  would  be  ridiculous,  and  we  think  it  ceitainly 
must  be  an  .>v ersighl . 

Clause  7.  b.  in  m  expression  of  satisfaction  on  the  part  of 

many  engini  •  re,  we  do  not  think  we  need  further  notice. 
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EOTAL   INSTITUTION   01''    GREAT   BRITAIN, 

OX  SCIENTIFIC  EXPERIMENTS  IN  BALLOONS, 

By  Jahes   Glaishee,  Esq.,  F.R.S. 

In  the  introductory  part  of  the  discourse,  Mr.  Glaisher  gave  a  brief 
history  of  aerostation,  from  the  discovery  of  the  fire-balloon  in  the  year 
1782,  by  the  two  brothers  Montgolfier,  noticing  some  of  the  principal 
ascents  made  with  fire-balloons.  He  then  spoke  of  the  discovery  of 
Cavendish  in  1776,  viz.,  that  hydrogen  gas  was  fully  ten  times  lighter  than 
common  air;  when  it  immediately  occurred  to  Br.  Black,  of  Edinburgh, 
that  if  so,  a  thin  bladder  filled  with  this  gas  ought  to  rise  of  itself:  yet  a 
period  of  several  years  elapsed  before  this  obvious  property  was  applied  to 
the  inflation  of  balloons;  not  in  fact  till  the  success  of  the  fire-balloon  was 
established.  He  then  spoke  of  the  more  remarkable  ascents  and  experi- 
ments which  were  made  with  air-balloons  within  a  few  years  of  its  discovery, 
and  remarked,  that  the  result  of  the  several  experiments  having  proved 
that  the  balloon  would  raise  great  n  eights  in  the  air,  and  remain  for  a  long 
time  thus  suspeuded,  caused  a  general  desire  to  navigate  the  lofty  regions 
of  the  atmosphera,  and  to  pursue  meteorological  and  other  investigations 
in  those  regions,  and  the  invention  of  the  balloon  was  looked  upon  as 
likely  to  be  followed  by  great  consequences.  He  then  spoke  of  the  dif- 
ferent ascents  which  have  been  made  in  the  interests  of  science  :  the  first 
of  which  was  that  of  Mr.  Boulton,  well  known  as  the  partner  of  the 
famous  Watt,  who  constructed  a  balloon  to  which  a  match  and  serpent 
were  attached,  that  the  gas  might  explode  iu  the  air.  The  object  was  to 
determine  whether  the  reverberating  sound  of  thunder  was  caused  by  echo 
or  by  successive  explosions;  the  point  remained  unsettled,  owing  to  the 
shouting  of  the  people;  but  it  wes  thought  that  the  sound  did  resemble 
thunder. 

Thi3  experiment  was  made  on  December  26,  1781.  No  further  experi- 
ments were  made,  so  far  as  he  knew,  till  the  beginning  of  the  present 
century,  when  in  the  years  1803  and  1804,  Mr.  Robertson  made  three 
ascents  from  St.  Petersburg,  for  the  purpose  of  making  magnetical  and 
other  experiments. 

On  August  23,  1804,  MM.  Gay-Lussac  and  Biot  ascended  from  Paris 
for  a  similar  purpose ;  they  attained  an  altitude  of  13,000ft.,  and  found 
no  difference  in  their  experiments  in  electricity,  magnetism,  and  galvanism 
from  those  made  on  the  earth. 

On  September  15,  Gay-Lussac  ascended  alone  to  a  height  of  22,977ft. ; 
he  found  that  the  temperature  declined  from  82°  to  15J ;  that  the  sky 
was  deep  blue ;  that  the  time  of  horizontal  vibration  of  a  magnet  was 
shorter  with  elevation. 

In  1806,  Carlo  Hrioschi,  Astronomer-Royal  at  Naples,  endeavoured  to 
ascend  higher  than  Gay-Lussac;  the  balloon  burst,  but  its  remnant  happily 
checked  the  rapidity  of  the  descent. 

A  period  of  forty-four  years  followed,  during  which  no  systematic 
attempts  were  made  to  take  scientific  observations  by  means  of  balloons. 

In  1850,  MM.  Bixio  and  Iiarral  inflated  a  balloon  with  hydrogen  gas,  in 
the  gardens  of  the  Observatory  at  Paris,  witli  the  intention  of  ascending 
to  a  height  of  from  30,000  to  40,000ft. ;  in  their  first  ascent  they  ascended 
to  a  height  of  19,000fc,  and  descended  to  the  earth  in  17  minutes  ;  they 
passed  through  a  mass  of  cloud  9000ft.  in  thickness. 

In  their  second  ascent,  clouds  were  reached  at  7000  or  8000ft.,  which 
proved  to  be  15,000ft.  in  thickness;  they  never,  in  fact,  passed  out  of  the 
clouds;  for  when  they  were  23,000ft.  high,  they  began  to  descend,  owing 
to  a  rent  in  the  balloon. 

Mr.  Welsh's  experiments  were  made  in  the  year  1852  :  on  August  17 
and  26,  October  21,  and  November  10,  the  respective  heights  attained  in 
these  were  19,600ft.,  19,100ft.,  12,640ft.,  and  22,930ft.:  a  great  number 
of  observations  were  made,  from  which  the  following  law  regarding  the 
decline  of  temperature  with  elevation  was  deduced  : — 

"  That  the  temperature  of  the  air  decreases  uniformly  with  the  height 
above  the  earth's  surface,  until  at  a  certain  elevation,  varying  on  different 
days,  the  decrease  is  arrested,  and  for  a  space  of  2000  or  3000ft.  the 
temperature  remains  nearly  constant,  or  even  increase!  by  a  small  amount  : 
the  regular  diminution  being  afterwards  resumed  and  generally  maintained 
at  a  rate  slightly  less  rapid  than  iii  tin-  lower  pari  'if  the  atmosphere,  and 
commencing  from  a  higher  temperature  than  would  have  existed  bul  for 
tin'  interrupt  ion  noticed." 

These  results,  as  well  as  those  found  by  Gay-Lussac  relative  t<.  the 
decline  of  temperature  with  increase  of  elevation,  appeared  to  confirm  the 
law  which  theory,  based  upon  observal  mount  dn 

the  gradation  of  temperature ;  <<  iseof Ii  aperature 

for  every  increase  of  800ft.     Ppto  the  pi  high 

expectations  entertained  on  the  dlscoi  balloon  have  never  been 

realized. 

The  speaker  then  proceeded  to  state,  t : ■ » t  tince  the  formation  of  the 
British  Association,  grants  of  money  have  been  made  fin  the  purpose  of 
pursuing  these  inquiries  j  but  with  the  exception  of  those  bj  Mr.  Welsh, 

none  have  been  made. 


In  the  year  1861,  another  grant  of  money  was  made,  and  a  committee 
appointed  to  carry  out  experiments  by  means  of  the  balloon,  and  the  task 
of  making  these  experiments  was  undertaken  by  the  speaker. 

The  primary  object  of  the  experiments  with  which  he  was  entrusted 
were  : — 

The  determination  of  the  temperature  of  the  air  and  its  hygrometrical 
states  at  different  elevations  up  to  five  miles. 

To  compare  the  readings  of  an  aneroid  barometer  with  those  of  a  mer- 
curial barometer  up  to  five  miles. 

To  determine  the  electrical  state  of  the  air. 

To  determine  the  oxygenic  state  ot  the  air  by  means  of  ozone  papers. 
To  determine  the  time  of  vibration  of  a  magnet  on  the  earth,  and  at 
different  distances  from  it. 

To  determine  the  temperature  of  the  dew  point  by  Daniell's  Dew  Point 
Hygrometer,  Regnault's  Condensing  Hygrometer,  and  by  the  use  of  the 
Dry  and  Wet  Bulb  Thermometers  as  ordinarily  used,  and  by  their  use 
when  under  the  influence  of  the  aspirator,  so  that  considerable  volumes  of 
air  are  made  to  pass  over  their  bulbs,  at  different  elevations,  as  high  as 
possible,  but  particularly  up  to  those  heights  where  man  may  be  resident 
or  where  troops  may  be  located,  as  in  the  high  lands  and  plains  of  India, 
with  the  view  of  ascertaining  what  confidence  may  be  placed  in  the  use  of 
the  Dry  and  Wet  Bulb  Thermometers,  by  comparison  with  the  results  as 
found  from  them  and  with  those  found  directly  by  Daniell's  and  Kegnault's 
Hygrometers ;  and  to  compare  the  results  as  found  from  the  two  hygro- 
meters together. 

To  collect  air  at  different  elevations. 

To  note  the  heights  and  kind  of  clouds,  their  density  and  thickness  at 
different  elevations. 

To  determine  the  rate  and  directions  of  different  currents  in  the 
atmosphere. 

To  make  observations  on  sound. 

To  note  atmospherical  phenomena  in  general,  and  to  make  general 
observations. 

The  speaker  then  described  the  method  of  managing  a  balloon,  spoke 
briefly  of  the  several  ascents  already  made,  and  then  proceeded  to  speak  of 
some  of  the  results. 

Speaking  of  the  ascent  on  July  17,  the  departure  of  the  temperature 
from  a  regular  progression  was  very  remarkable.  Helow  the  cloud  the 
decrease  was  nearly  uniform  ;  on  passing  above  it  there  was  an  increase  of 
6°;  the  decrease  was  then  resumed,  and  the  temperature  was  26^  at  10,000 
feet,  and  continued  at  this  reading  till  13,000  feet  had  been  passed  ;  a  very 
remarkable  increase  then  took  place,  and  at  19,500  feet  a  temperature  of 
42^  was  registered,  and  then  declined  rapidly  to  16°  at  five  miles.  In 
descending,  a  disturbance  from  a  regular  increase  was  met  witli  at  21,000 
ft.,  and  continued  to  17,000ft.  ;  at  13,000ft.  clouds  were  reached  aud  no 
observations  were  made  below  10,000ft. 

The  temperature  of  the  dew  point  approached  that  of  the  air  in  the 
cloud  but  did  not  touch  it,  and  then  separated  more  and  more  until  ai 
the  highest  point  there  was  almost  an  entire  absence  of  moisture. 

On  August  18,  the  temperature  of  the  air  decreased  as  usual  on  leaving 
the  ground,  until  at  the  height  of  4000ft.  the  rapidity  of  the  decrease  was 
checked  and  a  warm  current  of  air  was  met  with  and  continued  to 
11,000ft.;  the  balloon  then  descended  and  passed  through  the  same  warm 
current  extending  to  the  same  limits,  and  again  passed  through  it  on  its 
re-ascension  at  about  the  same  height,  and  extending  to  14,000ft.,  when 
the  regular  diminution  was  resumed  and  continued  to  the  highest  point ; 
on  descending,  the  same  warm  current  was  met  with,  and  continued 
till  the  clouds  were  entered  at  (wiMI't.,  which  caused  another  interruption 
in  the  regular  increase  of  temperature,  as  is  usual  on  entering  cloud. 

In  the  ascent  On  September  .">,  on  ]>:i--~i n_r  out   of  the   cloud   there   was 

an  increase  of  temperature  of  9  ;  and  then  no  interruption  was  met  with 

till  a  height  of  16,600ft.  was  reached,  whena  warm  current  of  air  was 

..|  continued  to  24,000ft;  then  a  regular  decrease   was  experi- 

.  nee  I  till  the  highest  point  was  reached. 

On  descending,   the    Bame  warm   em  rent   was    encountered   between 

22,000  and  28,000ft. ;  and  a  similar  interruption,  bul  to  a  greater  amount, 

d  till  the  balloon  had  descended  to  about  the  same  height 

as  it  was  first  met  with  on  ascending.    After  this  there  was   do   further 

interruption  till  the  descent  «as  completed. 

A  table  was  then  formed  from  all  the  other  observations,  showing  the 
decrease  ol  temperature  for  successive  increases  ol  elevation  of  LOOOft, 
i  i    follows: — 

Whtfi  tin  Shi  •■  ■    ' 


I't.  I  i 

From         0  to  LOOO  w.i.  I  7  lr.uu  7 

tt mm*  to  MOO  was  i ■-'  from  7 

•jihh)  to  8000  m  it  Iron  i'1 

8000  i"  *<«k»  *•>•  8*7  tt  'in  LO 

i>*>  to  6000  mi  :>i  from  •» 


n. 

experiment  •    n   i  in  'Ji  :i 

..  '  '' 

1  in  'J  1 1 

I  in   '^71 

1  in  838 

20 
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But  When  the  Shy  is  partially  Clear. 


Ft.  Ft.  Deg. 

From  0  to  1000  was  7'2  from 
„  1000  to  2000  was  5-3  from 
„  2000  to  3000  was  4'6  from 
„  3000  to  4006  was  3'4  from 
„      4000  to  5000  was  27  from 


Deg.  Ft. 
5  experiments,  or  1  in  139 
5  „  1  in  189 

5  „  1  in  254 

6  „  1  in  295 

7  „  1  in  370 


These  results  differ  considerably  from  those  formed  in  a  cloudy  sky,  and 
doubtless  the  difference  between  experiments  carried  on  under  a  cloudless 
sky  would  differ  still  more.  They  do  not  at  all  confirm  the  theory  of  a  de- 
cline of  1°  of  temperature  in  300  feet. 

The  Decrease  of  the  Temperature  of  the  Air,  at  heights  exceeding  500  feet. 


From 


Ft. 

5,000  to 

6,000  to 

7,000  to 

8,000  to 

9,000  to 

10,000  to 

11,000  to 

12,000  to 

13,000  to 

14,000  to 

15,000  to 

16,000  to 

17,000  to 

18,000  to 

19,000  to 

20,000  to 

21,000  to 

22,000  to 

23,000  to 

24,000  to 

25,000  to 

26,000  to 

27,000  to 

28,000  to 


Ft. 
6,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 
13,000 
14,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 


Deg 
was  2'8 
was  2'8 
was  27 
was  2'6 
was  2'6 
was  2-6 
was  2-6 
was  2'5 
was  2'2 
was  2'1 
was  2'1 
was  1'9 
was  1'8 
was  1"8 
was  1*5 
was  1*3 
was  1*3 
was  l'O 
was  1"3 
was  l'l 
was  l'O 
was  l'O 
was  0"9 
was  0'8 


from  10  experiments, 

from  8  „ 

from  8  „ 

from  8  „ 

from  8  „ 

from  8  „ 

from  6  „ 

from  6  „ 

from  6  „ 

from  9  „ 

from  9  „ 

from  9  „ 

from  9  ,, 

from  9  „ 

from  9  „ 

from  9  ,. 

from  9  „ 
from 
from 
from 
from 
from 
from 
from 


Ft, 

orli 

n  357 

1 

in  357 

li 

n  370 

1 

n  38  & 

1 

n  384 

1 

n  384 

li 

n  384 

li 

n  400 

1 

n  455 

1 

n  477 

1 

n  477 

1 

n  527 

1 

n  556 

1 

n  556 

1 

n  667 

1 

m  771 

1 

m  771 

1 

m  1000 

1 

in  771 

1 

in  909 

1 

in  1000 

1 

m  1000 

1 

in  1012 

1 

in  1050 

These  results  follow  almost  in  sequence  with  .  those  found  with  a  par- 
tially clear  sky ;  and  together  show  that  a  change  takes  place  of  1°  of  tem- 
perature in  139  feet  near  the  earth,  and  only  in  1000  feet  at  the  height  of 
30,000  feet,  and  plainly  indicates  that  the  decline  of  1°  of  temperature 
must  be  abandoned. 

Treating  the  observations  for  determining  the  degrees  of  humidity  of 
the  air  in  the  same  way,  the  following  are  the  results  :— 

When  the  Sky  loas  cloudy,  satiwation  being  considered  as  100, 

5  experiments. 


On  the  earth  the  degree  of  humidity  was    78  from 

At  the  height  of  1000  the  degree  of  humidity  was  76  „ 

2000                    „,  77  ., 

30.0Q                    „  75  ., 

4000                    „  80  „ 

5000                    ,  81  „ 

6000                    „  82  „ 


II 
11 

10 


The  law  of  moisture  here  shown  is  an  almost  uniform  state  of  humidity 
to  the  height  of  3000  feet,  viz.,  76'5 ;  then  a  decrease  on  the  next  1000 
feet,  and  an  increase  to  83  and  82  at  5000  and  6000  feet. 

When  the  Sky  toas  partially  clouded. 
On  the  ground  the  degree  of  humidity  was  63  from  4  experiments. 


At  the  height  of  1000  the  degree  of  humidity  was  68 

2000  „  77 

„  3000  „  76 

„  4000  „  76 

„  5000  „  69 

6000  „  68 


At  heights  exceeding  6000  feet,  the  following  were  the  results : — 

Ft. 
At  the  height  of    7,000  the  degree  of  humidity  was  64  from  7  experiments. 
8,000 
9,000 
>,  10,000  „ 

»  11,000  „ 

„  12,000  „ 

»  13,000  „ 

.,  14,000 

15,000 
16,000 
17.000 


58 

7 

52 

7 

82 

7 

48 

5 

48 

S) 

8 

43 

» 

o 

58 

„ 

•2 

53 

3 

45 

3 

33 

» 

3 

18,000 
19,000 
20,000 
21,000 
22,000 
23,000 


21 
36 
33 
12 
31 
16 


The  laws  of  moisture  here  indicate  a  humidity  near  the  ground  less  by  15 
with  a  partially  clear  sky,  than  in  a  cloudy  sky;  starting  with  63  in  the 
former  state  on  the  ground,  increasing  to  77  at  300  feet  high  ;  then  nearly 
constant  to  5000  feet,  when  it  abruptly  decreased  to  69  and  68  at  500O1 
and  6000  feet,  and  then  decreased  nearly  evenly  at  the  rate  of  5  in  1000 
feet,  till  at  9000  and  10,000  feet  it  was  52 ;  the  degree  then  constantly 
decreased  till  at  a  height  exceeding  25,000  feet  it  was  less  than  10,  and  it 
would  seem  that  at  higher  elevations  there  was  an  almost  entire  absence 
of  water.  These  seem  to  be  the  general  laws  ;  but  this  regular  diminu- 
tion is  evidently  very  often  interrupted,  and  strata  of  moist  air  may 
exist,  or  be  passing  at  different  elevations,  even  up  to  20,000  feet,  of  some- 
thickness. 

Electrical  State  of  the  Air. — In  the  ascent  on  July  17,  the  air  was 
found  to  be  charged  with  positive  electricity,  becoming  less  in  amount 
with  increased  elevation,  till  at  the  height  of  23,000  feet,  the  amount  was 
too  small  for  observation.  The  instrument  was  broke  in  the  descent,  and 
was  not  afterwards  used. 

Time  of  a  Vibration  of  a  Magnet. — The  general  result  of  all  the  ex- 
periments is,  that  the  magnet  vibrates  in  a  somewhat  longer  interval  of 
time  at  higher  elevations  than  on  the  earth.  This  result  is  contrary  to  that 
found  by  Guy-Lussac  in  1804. 

On  the  Propagation  of  Sound. — From  observation  made  in  the  different 
ascents,  it  was  learnt  that  different  notes  and  sounds  pass  more  readily 
through  the  air  than  others;  for  instance,  the  barking  of  a  dog  and  the 
whistle  of  a  railway  engine  have  been  heard  at  a  height  of  more  than  two- 
miles,  whilst  the  shouting  of  several  thousand  people  cannot  be  heard  at 
the  height  of  one  mile. 

On  the  Oxygenic  Condition  of  the  Atmosphere. — On  July  17,  the  test 
papers  by  Moffat  and  Schonbein  were  untinged  by  colour  throughout  the 
journey  ;  and  the  same  result  was  found  during  the  ascent  on  July  30. 

On  August  10,  Mr.  Glaisher  received  a  letter  from  Dr.  Moffat,  of 
Hawarden,  expressing  his  surprise  at  this  result,  inasmuch  as  it  has  always 
been  received  as  a  theory,  that  ozone  increases  in  quantity  with  increased 
elevation. 

In  consequence  of  this,  Mr.  Glaisher  went  to  Dr.  Moffat,  at  Hawarden, 
and  requested  him  to  make  some  papers,  which  he  did,  and  these  papers 
were  used  on  August  18,  together  with  some  prepared  by  Messrs.  Negretti 
and  Zambra,  and  some  prepared  according  to  Schonbein's  formula ;  and 
at  22,000ft.  the  coloration  was  4  on  a  scale  whose  deepest  tinge  is  10, 
whilst  those  prepared  by  Schonbein  were  coloured  to  on  the  same 
scale,  and  those  by  Negretti  and  Zambra  were  uncoloured ;  in  consequence 
of  this,  the  preparation  of  the  papers  by  Messrs.  Negretti  and  Zambra 
has  been  stopped. 

Physiological  Observations. — On  July  17,  before  starting,  the  number 
of  Mr.  Coxwell's  pulsations  were  taken,  and  found  to  be  74  in  one  minute  ; 
and  Mr.  Glaisher's  76  in  one  minute. 

At  a  height  of  17,000ft.,  Mr.  Glaisher's  had  increased  to  100,  and  Mr. 
Coxwell's  to  84 ;  and  on  reaching  the  ground,  the  number  was  79  with 
both  gentlemen. 

On  August  21,  no  observations  were  taken  before  starting.  At  the 
height  of  1000ft.,  the  following  results  were  obtained  : — 

Mr.  Coxwell    96  per  minute. 

Mr.  Ingelow    80         „ 

Capt.  Percival 90         „ 

At  11,000  feet- 
Mr.  Coxwell    90  in  a  minute. 

Mr.  Ingelow    100  „ 

Capt.  Percival 88  ., 

Mr.  Glaisher    88  „ 

Master  Glaisher 89  „ 

At  14,000  feet- 
Mr.  Coxwell    94  per  minute. 

Mr.  Glaisher    98  „ 

Mr.  Ingelow    112  „ 

Capt.  Percival 78  „ 

Master  Glaisher 89  „ 

The  pulsations  of  Capt.  Percival  were  so  weak  that  he  could  scarcely 
Count  them  ;  whilst  those  of  Mr.  Coxwell  he  considers  had  increased  in 
strength. 

_  From  these  results  it  will  be  seen  that  diminished  pressure  exercises  a 
different  influence  upon  different  individuals. 
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On  July  17,  at  19,000  feet  the  hands  and  lips  were  noted  as  being  dark- 
blue,  not  the  face.  At  the  height  of  four  miles  the  palpitations  of  the 
heart  were  audible,  and  the  breathing  was  affected. 

On  August  18,  the  hands  and  face  were  blue  at  the  height  of  23,000 
feet. 

On  September  5,  at  the  height  of  about  29,000  ft,  Mr.  Glaisher  became 
•unconscious,  and  at  35,000  feet  Mr.  Coxwell  lost  the  use  ot  his  hands.  At 
29,000  feet  on  descending,  Mr.  Glaisher  began  to  recover,  and  at  25,000 
■feet  the  observations  were  resumed. 

The  general  results  of  these  eight  ascents  are  : — 

1st.  That  the  temperature  of  the  air  does  not  decrease  uniformly  with 
the  height  above  the  earth's  surface,  and  consequently  the  theory  of  a 
decrease  of  lc  of  temperature  for  an  increase  of  elevation  of  300ft.  must 
~be  abandoned.  In  fact,  more  than  l3  declined  in  the  first  hundred  feet 
when  the  sky  was  clear,  and  not  so  much  as  1°  in  1000ft.  a  height  ex- 
ceeding five  miles. 

These  experiments  are  the  first  to  yield  any  definite  information  on 
"the  subject;  more  experiments  are  required  to  settle  the  law  satisfactorily, 
but  its  effect  on  the  laws  of  refraction  will  be  great :  all  the  elevations  of 
the  balloon  are  to  a  certain  extent  erroneous,  for  it  has  never  happened 
that  the  mean  of  the  extremities  has  given  the  mean  of  the  whole 
column  of  air. 

2nd.  The  degree  of  humidity  decreased  wonderfully  with  the  height  till 
at  about  five  miles  there  was  scarcely  any  aqueous  vapour  at  all. 

3rd.  That  an  aneroid  barometer  can  be  made  to  read  correctly,  to  the 
first  place  of  decimals  certainly,  and  to  the  second  place  of  decimals 
■probably,  to  a  pressure  as  low  as  7in. 

4th.  That  a  dry  and  wet  bulb  thermometer  can  be  used  effectively  up  to 
any  height  on  the  earth's  surface  where  man  may  be  located. 

5th.  That  the  balloon  does  afford  a  means  of  solving  with  advantage 
many  delicate  questions  in  physics. 


OX   SOME    CHEMICAL   AND    PHYSICAL    PROPERTIES    OF    SOILS, 
AND  THE  PRODUCTIVE  POWERS  OF  THE   SOILS  OF  ENGLAND. 

In  all  fertile  soils  we  find  variable  quantities  of  organic  matter — ready-formed 
ammonia,  nitric  acid,  potash,  soda,  lime,  magnesia,  oxides  of  iron,  chlorine,  phos- 
phoric, sulphuric,  and  silicic  odds;  in  short,  all  the  mineral  matters  which  are 
found  in  the  ashes  of  plants.  These  minerals,  or  ash  constituents,  it  need 
scarcely  be  observed,  are  not  merely  accidental  but  essential  materials,  without 
a  proper  supply  of  which  no  plant  can  grow  luxuriantly  and  come  to  full  maturity. 
In  one  sense  all  are  equally  important  ;  for  the  absence  or  deficiency  in  the  soil 
of  one,  be  it  lime  or  potash,  phosphoric  or  silicic  acid,  is  detrimental  to  the 
luxuriant  development  of  the  vegetable  organism.  >>o  one  who  has  given 
the  slightest  consideration  to  this  subject  will  hesitate  to  give  assent  to  this 
mineral  theory. 

It  is  natural  to  connect  the  productiveness  of  soils  with  the  proportion  of  ash- 
constituents  of  plants  which  they  contain  ;  but  although  in  some  cases  a  soil 
may  be  unproductive  on  account  of  the  absence  or  deficiency  of  lime  or  potash 
or  phosphoric  or  any  other  mineral  matter  which  enters  into  the  composition  of 
plants,  in  the  majority  of  cases  the  chemical  analysis  of  different  soils  affords 
little  or  no  indication  of  their  relative  productive  powers. 

The  combinations  in  which  the  mineral  constituents  of  plants  exist  in  the 
soil,  their  unequal  or  uni.'onn  distribution  in  the  surface,  the  composition  and 
physical  condition  of  subsoil,  the  relative  depth  of  both,  the  porosity  of  the  land, 
and  especially  the  power  of  absorbing  and  retaining  as  well  as  modifying  in  a 
variety  ot  ways  the  crude  manuring  agents  which  are  applied  to  the  land,  un- 
questionably are  intimately  connected  with  the  great  variations  which  we  notice 
in  the  agricultural  capabilities  of  different  soils. 

liefore  the  publication  of  Liebig's  celebrated  "{ 'lieniistry  in  its  Application 
to  Agriculture,"  a  work  which  has  given  the  death -blow  to  the  humus  theory, 
the  fertility  or  barrenness  of  a  soil  was  generally  considered  to  depend  entirely 
upon  its  physical  properties  and  the  presence  or  deficiency  of  bun  in-.  Soon  after 
the  publication  ot  l,ii  big'«  writings,  scientific  men  fell  into  the  opposite 
extreme,    and    expected,    the    bare    chemical   mala  OH    and    tie 

analyses  of  plants  would  enable  them  to  discover  at  once  the  means  of  restoring 
the  fertility  of  land,  or  to  improve  it  by  certain  puielv  mineral  inanurin- 
mixtures,  and  to  grow  on  it,  irrespective  of  ttl  natural  adaptation   to  the  growth 

of  particular  crops,  any  kind  and  almoel  even  amonnl  of  agricultural  produce. 
These  onphllosophioal  views  Ime  rend  dtural  ohemi  ipulat 

than  formerly,  but  al  o  more  scientific  and  more  directly  iiselul  to  the  enlighten!  tl 

agricnltnriat. 

A.  new  direction  to  iheinico<agrioaltural  enquiries  was  {riven  about1  ten  yean 
■goby  Psofessoi  Way's  highly  important  researches  on  thi  i  torptivo  powen  ol 
soils  i'  t  manure.     Professor  Way's  invi  tion  ol 

Mr.  Thompson,  of  Khrby  Hall,  York,  who  Grand  thai  alt)  ol 

sperating  ammonia  A  , 

On  pas  ing solutions  ol  ammonia  through  diflen  ■  av  found  thai  all 

possess  the  power  of  retaining  ammonia  He  also  observed 

that  potash,  b ,  magnesia,  and  phosphoric  acid  are  absorbed  by  all  toil 

considerable  extent. 

still  more  importan!  ire  his  experiments,  wl 
only  absorb  free  alkali  power  oi   tenanting 

b,  and  othei  combinations, 


Professor  Way  principally  operated  with  simple  salts :  it  may  therefore  be 
urged,  that  it  by  no  means  follows,  as  a  necessary  consequence,  that  because  a 
soil  absorbs  ammonia  when  a  solution  of  sulphate  of  ammonia  is  passed  through 
it,  the  same  absorption  will  take  place  when  an  ammouiacal  salt  mixed  with 
some  dozen  other  substances  is  filtered  through  it. 

I  therefore  operated  with  complex  liquids,  and  already,  in  1857,  published 
several  filtration  experiments  in  the  Journal  of  the  Royal  Agricultural  Society. 

These  and  many  subsequent  experiments  have  shown  that  all  soils  not  only 
possess  the  power  of  absorbing  and  retaining  potash,  ammonia,  phosphoric  and 
silicic  acid,  and  other  mineral  matters,  but  also  of  modifying  in  the  most  varied 
way  the  composition  of  complex  saline  solutions  which  are  passed  through  them. 

The  following  table  shows  the  results  obtained  in  filtering  the  same  kind  of 
liquid  manure  through  two  very  different  soils,  taken  from  the  neighbourhood  of 
Cirencester. 


An  imperial  gallon 
contains : — 


Water     and     volatile ") 
ammonia  compounds  j 

Containing .- — 

Ammonia,  as  carbonate  7 
&  humate  of  ammonia  j 

Organic  matters    

Containing  nitrogen 


Equal  to  ammonia 
Inorganic  matters.. 


Consisting  of: — 

Soluble  silica 

Oxide  of  iron 

Lime    

Magnesia    

Potash 

Chloride  of  potassium  .. 

Chloride  of  sodium   

Phosphoric  acid 

Sulphuric  acid    

<  larbonic  acid,  and  loss.., 


Xo.  1. 
Calcareous  clay  soil. 


Before 

contact 

with  soil. 


69,888-14 

(35-58) 
20-59 
(1-491 
(1-81) 

(91-27) 

2-31 
none 

11-48 
2-87 

lfl"»2 
271 

40-35 
4-83 
8*94 
5-80 

70,000-00 


After 
contact 
with  soil. 


69,886-60 

(20-81) 
31-77 
(1-84) 
(2-23) 

(78-63) 

•70 

2-55 

92  12 

1-17 

3"40 

none 

3331 

•60 

2-68 

11 -Hi  i 


Loss 
or  gain. 


;,  i.i  ii  ii  n  M  I 


—1-54 

—14-77 
+  14-18 
+  "35 
+  -42 
—12-64 

—  1-64 
+  2-55 
+  10-94 

—  1-7(1 
—13-52 

—  274 

—  7-01 

—  4-93 

—  1-06 
+   5-80 


No.  2. 

Ferruginous  sterile 

sandy  soil. 


After 
contact 
with  soil. 


69,894-25 

—(33-15) 

—(25-06) 

-  (1-70) 

-  (P70) 
—(80-69) 

—  5-10 

—  2-07 

—  8-03 

—  '74 
—12-01 
none 

—39-26 

—  1-92 

—  3-67 

—  790 

70,000-00 


Loss 
or  gain. 


+    6-11 

—  2-43 
+   4-47 

—  -09 

—  -11 
—10-58 

+  2-76 

+   2-07 

—  3-45 

—  2-13 

—  l-.»l 

—  271 

—  1-10 

—  -J-.M 

—  -27 

.        op  I 


The  preceding  analytical  results,  amongst  other  particulars,  show  i — 

1.  That  the  eale. ireous  ojay  soil  absorbed  about   six  times   as   much   ammonia 
from  the  lh|iiiu  manure,  as  the  sterile  land]   soil. 

•_'.   Thai  the  liquid    manure   ill  contact  with  the   calcareous    ,  l.,\     soil.    1„, 
much  rioher  in  lime  ;  whilst  during  ils  passage  through  the  sand]  sell,  it  lie. 

purer  in  lima, 

8,  Thai   tb.   calcareous  soil  absorbed  much  more  potash  than  the  land  soil. 

I.  Thai  chloride  of  sodium,  in  ooniormit)  with  the  remits  0t  other  observers, 

.  \t.  oi  bj  en  hi  i 
5.  That  both  soiU  removed  from  tie-  liquid  most  ,.r  the  phosphoric 
8,  'I  i,  |  thi    liquid   in  passing  through  the  oalcamoui  soil  beoom 
aad,  on  the  other  hand, in  passing  through  tie    sand)    soil  becomes  richer  in 
toluble 

The  property  ol  bore  up  I I  i"i  plants  is  thus  not  confined  to  om 

i. ii  kind  "i  matter,  but  it  applies  to  them  all.  and  manil 

i  a  way  which  i ,  modified  b)  i  be  i  ompositioa  ot  the  soil. 

In  the  e,  and  in    all  other  experiment  ,  which   I  ha\c  since  Blade,  the  BJUIl 

Ii,  phosphot  i  mtained  in  a  solution 

ibsol  l'i   I  b\  the 

ludci  .1.    it    lie     solution   "I 
saline  lltacl    w  itb  dilute,  soon 

lion  ot  ammonia,  :  I 


156 


Boyal  Institution  oj  Great  Britain. 


[The  Artizan, 
July  1,  1863. 


Sewa-e  of  towns,  on  account  of  the  very  diluted  condition  in  which  this 
liquid  is  usually  found,  in  percolating  through  a  soil  scarcely  leaves  any  of  its 
soluble  constituents  in  the  soil  in  a  fixed  or  less  soluble  form  although  the 
soil  possesses  in  a  high  degree  the  power  of  absorbing  and  retaining  soluble 
fertilizing  matters.  ,     .         , 

All  soluble  saline  matters,  however  useful  or  necessary  they  may  be,  impede 
the  rapid  growth  of  plants,  if  they  are  presented  too  abundantly  or  in  too 
concentrated  a  solution  to  the  roots  of  plants.  One  of  the  functions  of  the 
soil  appears  to  he  to  transform  such  readily  soluble  compounds  into  combina- 
tions so  little  soluble  in  water,  that  they  pass  in  common  life  as  insoluble,  but 
which  are  still  sufficiently  soluble  to  supply  the  growing  plant  with  the 
necessary  amount  of  mineral  food  in  a  state  of  solution. 

This  beautiful  power  of  soils  thus  not  only  effectually  prevents  the  waste  in 
fertilizing  matters  which  heavy  rains  would  otherwise  occasion,  but  also  recti- 
fies in  a  great  measure  any  misapplication  which  may  be  made  of  concentrated 
loluble  fertilizers.  . 

The  power  of  soils  to  modify  manuring  matters  depends  m  a  great  measure 
on  the  chemical  composition  of  the  soil,  and  also  on  the  concentration  of  the 
liquid  and  the  quantity  of  soluble  fertilizing  matters  which  is  incorporated 
with  that  portion  of  the  soil  which  is  penetrated  by  the  roots  of  plants. 
Hence  the  effect  which  one  and  the  same  manure  is  capable  of  producing  varies 
greatly  in  different  soils,  and  also  with  a  rainy  or  dry  season. 

The  office  of  the  soil  is  not  merely  to  supply  mineral  food  to  plants,  but  also 
to  manufacture,  so  to  say,  crude  food  into  a  condition  fit  for  assimilation ;  to 
prevent  injury  to  the  living  plant  by  too  large  an  accumulation  of  soluble 
matters  in  the  surface  soil ;  to  store  up  for  future  use  such  an  excess ;  to 
diffuse  it  equally  in  that  portion  of  the  land  reached  by  thejroots  of  plants  ;  and 
to  modify  it  in  conformity  with  the  requirements  of  our  crops,  in  a  manner 
differing  with  each  description  of  land. 

Respecting  the  causes  of  the  absorbing  properties  of  soils,  the  opinions  of 
chemists  are  divided.  .....  . 

Liebig  regards  this  power  as  analogous  to,  if  not  identical  with  the  physical 
power  which  charcoal  possesses  in  retaining  colouring  matters,  and  conse- 
quently considers  the  soluble  fertilizing  matters  which  are  brought  into  contact 
and  absorbed  either  wholly  or  partially  by  the  surface  soil,  as  present  in  what  he 
calls  a  physical  state  of  combination. 

Professor  Way,  on  the  other  hand,  believes  the  absorption  to  be  due  to  the 
presence  of  certain  double  silicates  of  alumina  in  the  soil.  Thus,  for  instance, 
the  double  silicate  of  alumina  and  soda  when  brought  into  contact  with  lime, 
according  to  Way,  parts  with  its  soda  and  takes  up  lime.  When  the  double 
silicate  of  alumina  and  lime  thus  formed  is  brought  into  contact  with  magnesia, 
lime  passes  into  solution,  and  a  double  silicate  of  alumina  and  magnesia  is  formed ; 
this  in  its  turn  is  decomposed  by  a  salt  of  potash ;  and  the  double  silicate  of 
alumina  and  potash  by  the  salt  of  ammonia ;  thus  finally,  a  double  silicate  of 
alumina  and  ammonia  is  produced. 

Such  displacements  indeed  took  place  on  repeating  Way's  experiments :  but 
when  a  preparation  made  after  Professor  Way's  directions,  and  containing  silica, 
alumina,  and  ammonia,  is  mixed  with  an  excess  of  a  solution  containing  a  salt  of 
potash,  ammonia  passes  into  the  solution  and  potash  is  absorbed  by  the  prepara- 
tion. Prom  a  similar  preparation  containing  silica,  alumina,  and  potash,  an 
excess  of  a  solution  of  a  lime  salt  removes  potash,  and  lime  becomes  absorbed. 

But  as  in  no  case  I  have  been  able  to  notice  a  substitution  of  one  base  for 
another  in  equivalent  proportions,  ?nd  no  double  silicate  of  a  definite  composition 
can  be  produced  by  Mr.  Way's  plan  of  operation,  and  the  existence  of  such 
definite  compounds  in  soils  has  never  been  demonstrated,  I  would  suggest  a 
different  cause  or  causes  which  are  in  operation  when  potash,  ammonia,  and  other 
fertilizing  matters  are  fixed  in  the  soil. 

The  absorption  of  soluble  fertilizing  matters  by  soils  I  believe  may  readily  be 
explained  by  a  reference  to  well-known  chemical  facts.  The  absorption  of  soluble 
phosphates  or  phosphoric  acid  is  readily  explained  by  the  affinity  which  carbonate 
of  lime,  oxide  of  iron,  and  alumina,  which  occur  in  eveiy  fertile  soil,  possess  for 
phosphoric  acid. 

In  the  absorption  of  potash  and  ammonia,  I  am  of  opinion  that  the  hydrated 
oxides  of  iron  and  alumina  in  the  soil  have  a  great  share.  Like  all  bases  of  the 
formula  R^  O3,  these  oxides  in  a  hydrated  condition,  in  relation  to  strong  alkalies, 
are  weak  acids,  in  consequence  of  which  they  have  a  tendency  to  unite  with  potash 
»r  ammonia  under  favourable  circumstances. 

The  absorption  of  ammonia,  potash,  and  of  phosphoric  acid  by  soils  accords 
with  well-known  chemical  facts ;  and  as  these  substances  are  by  far  the  most 
important  fertilizing  agents,  it  may  be  maintained  that  the  principal  absorptive 
properties  of  soils  are  due  to  chemical  and  not  to  purely  physical  causes. 

The  mechanical  or  physical  condition  of  soils,  however,  affects  very  materially 
their  productive  powers  ;  and  it  is  011I3'  in  a  soil  in  a  proper  physical  condition 
that  the  chemical  properties  can  properly  manifest  themselves. 

Great  stress  is  laid  by  Liebig,  as  it  is  indeed  by  all  good  farmers,  on  the  mechan- 
ical cultivation  of  the  land.  Liebig  directs  special  attention  to  the  physical 
state  of  combination,  as  he  calls  it,  in  which  the  mineral  matters  must  exist  in 
the  surface  soil,  in  order  that  they  may  be  of  utility  to  the  plant.  Whatever 
may  he  the  precise  meaning  of  the  term  "  physical  state  of  combination,"  or 
whether  we  assume  that  mineral  food  must  be  presented  to  plants  in  solution,  or 
in  some  other  mysterious  form  variously  represented  in  Liebig's  "  Laws  of  Hus- 
bandly," certainly  mineral  food  cannot  be  of  any  service  to  plants  except  it  be 
present  in  the  surface  soil  in  an  available  form.  The  word  "available,"  perhaps 
conveys  as  correct  a  meaning  as  the  more  novel  and  less  graphic  expression, 
'  physical  state  of  combination." 

In  such  an  available  condition  mineral  food  cannot  be  brought  into  the  surface 
soil,  unless  water  can  freely  percolate  through  the  land.  This  is  effected  by 
various  mechanical  means,  such  as  snbsoiling,  trench-ploughing,  surface  stirring, 
&c.  By  all  these  means  the  porosity,  and  with  it  its  capillary  attraction,  is 
unproved.    As  soon  as  continued  dry  and  warmer  weather  sets  in  and  vegetation 


makes  a  fresh  start,  the  mineral  food  prepared  previously  in  the  lower  strata  of 
the  soil  begins  to  move  in  an  upw  aid  direction.  With  the  evaporation  of  moisture 
from  the  surface,  fresh  food  is  conveyed  into  the  surface  soil  by  capillary  attrac- 
tion, and  thus  the  fertility  of  the  latter  is  again  restored.  The  appearance  of 
nitre,  and  similar  saline  efflorescences  on  the  surface  of  soils  during  long-continued 
dry  weather,  sufficiently  shows  the  display  of  capillary  attraction. 

This  explains  why  the  exhausted  surface  of  land,  abounding  at  a  greater  depth 
in  mineral  riches,  remains  unproductive  when  it  rests  on  an  impervious  undrained 
subsoil ;  why  winter-fallow  does  not  materially  restore  the  fertility  of  the  surface 
if  it  is  not  accompanied  by  repeated  ploughings,  suhsoiling,  and  similar  mechanical 
operations,  tending  to  increase  its  porosity  ;  and  why  in  a  well-cultivated  clay- 
soil  vegetation  is  most  luxuriant  when  the  intervals  between  wet  and  dry  weather 
are  neither  too  short  nor  too  prolonged, 

Looking  at  the  different  soils  of  England,  we  meet  with  two  extremes, — 
naturally  barren  sands  and  rich  fertile  clays,  Between  these  two  extremes  we 
find  all  gradations  ;  some  partaking  more  of  the  characters  of  the  one  class,  and 
others  more  of  the  properties  of  rich  clay  land. 

Many  originally  barren  soils,  bj  dint  of  abundant  manuring,  the  cultivation  of 
green  crops,  which  are  consumed  on  the  land  by  fattening  sheep,  by  the  purchase 
of  oil-cakes  and  other  kinds  of  concentrated  food,  and  the  increased  production 
of  home-made  manure,  have  been  brought  into  a  high  state  of  cultivation.  But 
although  in  this  improved  condition  they  yield  large  crops  of  wheat,  barley,  and 
roots,  it  can  hardly  be  said  that  their  permanent  fertility  has  been  materially 
increased.  Left  to  themselves,  they  soon  again  become  unproductive,  and  there- 
fore require  constantly  a  renewal  of  those  constituents  which  are  removed  in  the 
crops  grown  on  such  land,  High  farming,  in  reference  to  light  sandy  soils, 
restores  to  the  land  infinitely  more  mineral  matter  of  the  most  valuable  kind 
than  is  removed  in  the  corn-crops  sold  off  the  farm.  As  regards  such  land,  high 
farming  cannot  therefore  he  called  a  system  of  robbery, 

Deep,  rich  clay-soils,  on  the  other  hand,  often  contain,  practically  speaking,  an 
inexhaustible  supply  of  potash,  phosphoric  acid,  magnesia,  soluble  silica,  &c. 
The  amount  of  mineral  matter  taken  from  such  land  by  a  long  succession  of  the 
most  exhausting  crops  is  quite  insignificant  in  comparison  to  that  existing  in 
twelve  or  eighteen  inches  of  soil. 

The  actual  state  of  fertility  of  land,  however,  does  not  so  much  depend  upon 
the  absolute  amount  of  mineral  plant-food  in  a  given  depth  of  soil,  as  upon  the 
proportion  which  exists  in  the  surface  in  an  available  condition,  or  as  Liebig 
calls  it  a  "  physical  state  ef  combination." 

Mechanical  cultivation,  the  judicious  use  of  ammoniacal  manures,  the  restora- 
tion of  particular  mineral  matters  which,  like  phosphoric  acid,  are  most  speedily 
removed  from  the  surface  and  alternate  cropping,  are  some  of  the  means  of  re- 
pairing the  fertility  of  the  surface. 

On  light  sandy  soils,  deficient  in  potash,  phosphoric  acid,  and  other  mineral 
matters,  ammoniacal  salts  or  nitrate  of  soda  should  be  avoided ;  but  on  soils 
abounding  in  mineral  food,  such  dressings  may  he  used  with  great  advantage. 

Ammoniacal  salts  certainly  increase  the  solubility  of  mineral  matters  and  pro- 
mote their  diffusion  in  the  soil.  Still,  making  all  allowance  for  this  they  appear 
to  have  a  special  effect  on  some  crops  and  not  on  others.  Thus  cereals  are  im- 
proved by  them,  but  not  clover  or  beans.  In  a  series  of  most  valuable  experi- 
ments by  Messrs.  Lawes  and  Gilbert,  the  plots  continually  manured  with  mineral 
matters  produced  only  a  slightly  increased  crop  of  wheat,  nor  was  the  produce 
increased  to  any  extent  in  those  years  in  which  mineral  manures  were  put  on  the 
land  every  alternate  year ;  whereas  in  the  years  in  which  ammoniacal  salts  were 
applied  alternately  one  year  and  mineral  matters  the  following,  a  very  great  in- 
crease in  the  wheat  crop  was  obtained,  which  was  likewise  the  case  when 
ammoniacal  salts  were  continuously  used  year  after  year. 

With  regard  to  the  relative  importance  of  the  various  fertilizing  matters,  it 
may  be  stated  that  ammonia  or  nitrates  unquestionably  are  most  useful  sub- 
stances, which  the  intelligent  farmer  may  turn  into  profitable  account,  and  the 
unreasoning  one  often  abuses  in  a  high  degree. 

But  as  the  atmospheric  as  well  as  the  rain  invariably  contain  both  ammonia 
and  nitric  acid,  and  as  all  cultivated  soils  contain  both  ready-formed  ammonia 
and  nitrogenised  organic  matters,  which  on  gradual  decomposition  furnish  am- 
monia or  nitric  acid  or  both,  the  application  to  the  soil  of  nitrates  or  ammoniacal 
salts  is  not  of  the  same  essential  primary  importance  as  that  of  those  mineral 
matters  in  which  the  land  is  deficient.  Magnesia,  lime,  silica,  sulphuric  acid, 
chloride  of  sodium,  and  even  potash,  are  either  present  in  most  soils  in  great 
abundance,  or  if  deficient  in  particular  soils,  may  be  economically  incorporated 
with  them  in  the  shape  of  marl,  burnt  clay,  or  gypsum,  by  the  consumption  of 
purchased  food  on  the  land.  All  these  mineral  matters  have  much  less  value 
than  phosphoric  acid,  which  is  but  sparingly  distributed  in  most  soils,  and  is 
largely  required  by  all  plants.  Accordingly  the  removal  of  phosphoric  acid 
from  the  land  leads  more  rapidly  to  partial  exhaustion,  especially  of  naturally 
poor  soils,  than  the  removal  of  any  other  ash-constituent.  Fortunately  modern 
science  and  commercial  enterprise  have  brought  to  light  the  fact,  that  large  de- 
posits of  phosphatic  materials  occur  far  more  abundantly  in  various  parts  of  the 
world,  than  was  supposed  not  many  years  ago. 

[Of  the  phosphatic  materials  actually  used  in  England  for  the  manufacture  of 
artificial  manures,  the  following  were  exhibited : — South  American  hone-ash ; 
Cambridgeshire  and  Suffolk  coprolites ;  apatite  from  Norway ;  phosphorite  from 
Estremadura;  Sombrero,  or  rock  guano,  and  phosphatic  crusts,  from  Monk's 
Island,  Jarvis  Island,  Baker  Island,  and  various  other  small  islets  in  the  Carrib- 
bffin  Sea.] 

Should  the  supply  of  Peruvian  guano  rome  to  an  end,  which  it  will  before 
many  years,  English  agriculturists  will  still  continue  to  reap  the  benefits  which 
commercial  enterprise,  manufacturing  skill  and  capital,  more  extended  agricul- 
tural knowledge,  steam-power  applied  to  the  cultivation  of  the  land,  intelligent 
labour  and  applied  science  have  already  conferred  upon  this  highly-favoured 
country. 

Conclusive  proofs  can  be  given,  showing  that  so  far  from  being  in  a  progressive 
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state  of  exhaustion,  the  productiveness  of  the  soils  of  England  has  wonderfully 
increased  during  the  last  fifty  years ;  and  that  the  deporable  but  hitherto  una- 
voidable loss  which  the  sanitary  laws  of  a  civilised  country  necessitate,  is  per- 
fectly insignificant  in  comparison  with  the  immense  amount  of  mineral  riches  in 
the  great  majority  of  soils,  and  with  the  abundant  restoration  of  fertilizing 
matters  to  naturally  poor  land. 


INSTITUTION    OF    CIVIL    ENGINEERS. 


THE  CHARING  CROSS  BRIDGE. 
By  Me.  Haeeison  Hayteb,  M.  Ln'st.  C.E. 

It  was  stated  that  this  bridge  consisted  of  nine  spans, — six  of  154ft.  and 
three  of  100ft., — the  centre  opening  of  the  Hungerford  Suspension  Bridge  havins 
been  divided  into  four  spans  each  of  154ft.,  that  on  the  Surrey  side  into  two 
spans  also  of  spans  also  of  154ft.  each,  and  the  opening  on  the  Middlesex  side 
into  three  spans  each  of  100  feet — the  superstructure  over  the  latter  being  fan- 
shaped.  The  width  of  the  river,  at  the  site  of  the  bridge,  was  1350feet.  The  greatest 
depth  of  water  between  the  two  brick  piers  of  the  original  bridge  was  13ft.  below 
low-water  springtides,  and  the  average  depth  was  about  9ft. ;  the  rise  of  springtides 
being  17|ft.  The  level  of  the  rails  was  31ft.  above  Trinity  high-water  mark. 
and  there  was  a  clear  minimum  headwa}-  under  the  bridge  of  25ft.  above  the 
same  datum. 

The  superstructure  was  carried  by  cylinders  sunk  into  the  bed  of  the  river 
and  by  the  piers  and  abutments  of  the  suspension  bridge,  the  abutments  having 
been  considerably  lengthened.  The  cylinders,  excepting  at  the  fan  end  were, 
14ft.  diameter  below  the  surface  of  the  ground,  and  10ft.  diameter  above,  the 
junction  between  the  two  sizes  being  effected  by  a  conical  length.  There  were 
four  piers  formed  of  these  cylinders,  each  consisting  of  two  cylinders,  49ft.  4in. 
apart  from  centre  to  centre.  They  were  of  cast  iron,  ljin.  in  thickness  through- 
out, and  the  circumference  was  divided  into  segments,  with  interior  flanges 
round  all  the  edges,  through  which  the  segments  were  bolted  together  ;  and  a 
horizontal  interior  rib  was  also  cast  in  the  middle  of  each  segment.  There 
were  thus  continuous  vertical  lines  of  ribs,  securing  a  strong  columnar  arrange- 
ment. 

The  strata  through  which  the  cylinders  were  sunk  consisted  of  mud  and 
gravel,  of  varying  thicknesses,  overlying  the  London  clay.  The  sinking  was 
effected  by  excavating  the  material  from  the  inside — at  first  by  divers,  but  after 
the  London  clay  was  reached  and  the  water  was  pumped  out,  in  the  ordinary 
way — and  by  weighting  the  cylinders.  to  an  average  load  of  160  tons  each. 
These  cylinders  were  sunk  to  depths  of  52ft.,  (52ft.,  and  in  one  case  to  72ft. 
below  Trinity  high-water  mark.  They  were  filled  with  Portland  cement  concrete 
up  to  where  the  conical  length  commenced,  and  above  with  brickwork,  set  in 
Portland  cement  mortar,  to  the  underside  of  the  granite  bearing  blocks,  which 
were  2ft.  Gin.  in  thickness,  and  projected  lin.  above  the  top  of  the  cylinders,  in 
order  that  the  weight  might  not  come  on  the  upper  edge  of  the  ironwork.  With 
a  view  of  testing  the  strength  of  the  foundations,  the  two  cylinders  in  the  pier 
nearest  to  the  Surrey  side,  after  being  completed  up  to  the  level  of  high-water 
and  filled  with  concrete  and  brickwork,  were  each  weighted  with  700  tons,  being 
about  equal  to  the  greatest  load  they  could  possibly  have  to  sustain,  supposing 
the  four  lines  of  rails  on  the  bridge  to  be  loaded  with  locomotive  engines.  This 
caused  the  cylinders  to  sink  permanently  4in.  To  bring  the  other  cylinders  to 
a  bearing,  so  as  to  prevent  any  settlement  after  the  completion  of  the  bridge, 
from  the  weight  of  the  permanent  and  moving  loads,  they  were  each  weight'. 1 
with  450  tons,  when  it  was  found  that  they  permanently  Bank,  on  an  avenge, 
Sin.  each.  Bach  pair  of  cylinders  forming  a  pier  was  connected  together  trans- 
versely by  a  wrought-iron  box  girder.  4ft.  deep,  which  also  served  as  a  cross- 
girdcr  for  supporting  the  roadway.  Assuming  the  four  lines  of  way  on  the 
bridge  to  be  loaded  with  locomotive  engines,  the  pressure  on  tin-  base  of  tin- 
cylinders  would  amount  to  8  tons  per  square  toot,  and  on  the  brickwork  at  the 
pop  of  the  cone  to  about  9  tons  per  square  foot. 

The  superstructure  of  each  of  the  154ft.  openings  consisted  of  two  main  girders, 
to  the  underside  of  which  were  suspended  cross-girders,  for  carrying  the  roadway 
platform.  These  cross-girders  extended  beyond  tin-  Dunn  girders,  and  formed  u 
series  of  cantilevers  on  the  outer  sides,  for  supporting  two  footpaths,  each  7ft. 
wide  in  the  clear.  The  main  girders  were  of  WTOngfat-iron,  and  were  not  con- 
tinuous, but  extended  only  over  one  opening.  Booh  girder  had  to  rapport, 
inclusive  of  its  own  weight,  a  maximum  distributed  load  of  760  ton-.  The 
extreme  depth  of  these  girders  was  1  ill.,  and  the  depth  between  tin  oentrei 
ot  gravity  of  the  top  ami  bottom  members  was  12ft,  Bin.  The  sides  of  tin- 
girders  between  the  bearings  were  divided  into  fourteen  equal  parts  by  a  pair  ot 

vertical  bars,  connected  [to  the  top  and    bottom  by  puis  of  paddled    steel,  Jan. 

diameter  at  the  ends  of  the  girder,  decreasing  to  .".in.  diameter  at  tin-  centre; 
and  each  division  contained  a  double  set  of  two  dia/onal  each   Other, 

The  top  and  the  bottom  of  these  girders  win-  of  boiler-plate,  and  Consisted  oi 
horizontal    tables    4ft.    and  3ft.  wide   respectively,  and   of  font   vertical    ribs,   tb, 

two  outer  rows  being  'J till,  dee],,  and  tin-  two  inner  rows   Slin.   deep,      flu 

aggregate    thickness    ot    the    plates   m    tin-    bori/oiital    table  "t    tin-  top   in   the 

centre  of  tin-  girder  was  8§in.  and  in  tin-  bottom  ■',),  withonl  the  ingle  irons, 
md  of  Hin.  and  lj;[in.  respectively  with  tin-  angle-irons,  but  exclusive  oi  thi 
angle-iron  covers.     Ii  was  arranged  that,  with  tin  .1,  the  maximum 

strains  should  not  exceed  I-  tons  per  square  inch  in  compression,  ami  5  tons  per 

square  inch  in  extension.    All  the  rivet-holes  were  drilled  bj   ih pable 

of  drilling  several  holes  al  oneti This  plan  was,  under  the  circumsts 

less  costly  than  punching,  besides  which  a  gr<  it  - 

the  work  together.    Tin-  diagonals  acting  as   I  i  illi  I  rus- 

i  mi  links, each  separate  tie  being  compost  d  three  links,  as  required, 


rivetted  together.  The  diagonals  acting  as  struts  were  each  in  one  solid  forging, 
and  were  united  together  in  pairs  by  zigzag  bracing  of  wrought  iron.  In  the 
centre  of  the  girder,  where  the  diagonals  acted  as  both  struts  and  ties,  the  pairs 
were  united  together  in  the  two  central  spaces  by  the  zigzag  work.  The 
dimensions  of  the  struts  varied  from  12in.  by  3in.  at  the  ends  to  6in.,  by  2-J-in. 
in  the  middle,  and  of  the  ties  from  12in.  by  2jiu.  at  the  ends  to  6in.,  by  2in.  in 
the  middle.  The  ends  of  the  girders  over  the  piers  were  boxed  in,  with  plates 
fin.  thick,  stiffened  by  angle  and  T  irons.  Over  the  cylinders  the  girders  rested 
on  sheet  lead,  laid  upon  the  granite  blocks.  On  the  brick  piers  and  the  Surrey 
abutment,  they  rested  upon  roller  bed-plates.  The  girders  were  put  together  in 
place  on  a  staging,  the  upper  and  lower  platforms  of  which  were  accurately 
adjusted  to  the  proper  camber.  The  whole  of  the  plates  were  drilled,  and  the 
struts  and  ties  were  completed,  before  being  sent  to  the  works.  The  weight  of 
each  main  girder  was  190  tons.  One  of  the  main  girders  was  tested  when  in  its 
place  with  a  distributed  load  of  400  tons,  when  the  greatest  deflection  observed 
was  l^jin.,  and  the  permanent  deflection  after  the  load  was  removed  was  Jin. 

The  cross  girders  of  the  154ft.  openings  were  of  wrought  iron,  and  were  generally 
similar  in  character  to  the  main  girders,  from  which  they  were  suspended,  at 
intervals  of  lift,  apart,  from  centre  to  centre.  They  were  4tt.  deep  in  the 
middle,  and  2ft.  TJ-in.  deep  where  the  cantilevers  were  united  to  them  outside 
the  main  girders*  The  top  and  bottom  consisted  of  two  plates,  18in.  wide  by 
fin.  thick,  the  sides  being  of  lattice  bars  united  to  the  top  and  bottom  by  angle 
irons.  The  cantilevers  decreased  from  2ft.  1  Jin.  deep  at  their  junction  with  the 
cross  girders  to  1ft.  2in.  deep  at  their  extremities.  Each  cross-girder,  includiug 
the  two  cantilevers,  weighed  9  tons.  When  two  of  these  cross  girders,  without 
the  cantilevers,  were  tested  with  a  load  of  140  tons,  equivalent  to  70  tons  on  each 
girder,  the  maximum  deflection  in  the  centre  was  lin.,  and  the  permanent  deflec- 
tion when  the  load  was  removed  was  Jin. 

The  superstructure  of  the  three  100ft.  openings  of  the  fan  end  was  supported 
by  the  brick  pier  and  abutment  on  the  Middlesex  side  of  the  suspension  bridge, 
aud  intermediate  to  these  by  two  rows  of  seven  and  of  nine  cast  iron  cylinders 
respectively.  These  cylinders  were  10ft.  diameter  below  the  ground  level, 
the  outer  ones  being  8ft.  diameter,  and  the  inner  ones  Oft.  diameteter  above 
that  level.  They  were  sunk  to  depths  averaging  40ft  below  Trinity  high-water 
mark,  and  were  filled  with  Portland  cement  concrete  to  about  oft.  above  that 
level ;  but  it  was  not  considered  necessary  to  fill  in  the  remaining  portion  of 
these  cylinders.  On  account  of  the  great  width  of  the  fan  end,  which  increased 
from  49ft.  4in.  at  the  brick  pier  to  108ft.  at  the  abutment,  the  plan  of  support- 
ing the  roadway  on  cross  girders,  suspended  from  outside  main  girders,  was  inad- 
missible ;  and  as  it  was  not  desirable  to  introduce  intermediate  main  girders, 
projecting  above  the  line  of  rails,  the  roadway  was  carried  by  interior  plate  gilders, 
laid  at  right  angles  by  the  piers  and  abutments,  and  by  the  outside  main  girders, 
which  were  laid  at  the  angle  of  inclination  of  the  tan.  The  outside  m;. in  girders 
were  of  the  same  depth,  and  were  generally  of  the  same  character,  although 
lighter  in  all  parts,  and  were  fixed  at  the  same  level,  as  the  girders  of  the  154ft. 
openings.  The  interior  plate  girders  were  of  the  ordinary  construction.  5ft.  deep, 
or  one-twentieth  of  the  span,  and  weighed  26  tons  each.  The  triangular  spaces 
between  the  outside  main  girders  and  the  inter  interior  plate  gilders  were  filled 
in  with  cross-girders,  terminated  by  cantilevers,  projecting  beyond  the  fan 
girders,  and  similar  to  those  outside  the  main  girders  of  the  151ft.  openings. 

The  roadway  platform  over  the  15  1ft,  openings  consisted  of  planking  4in.  thick, 
spiked  to  longitudinal  timbers,  16in;  by  16in.,  placed  underneath  the  rails,  and 

bolted  to  the  cross  girders.     Over  the  fan  end,  the  platform  consisted  of  planking 
6in.  thick,  secured  to  the  girders.     The  footpath  platforms  were  of  planking  Bin. 
thick. 
The  first  cylinder  oi  the  Charing  Cross  bridge  was  pitched  on  the  6th  of 

June,  1800.  ami  as  the  bridge  was  now  on  the  eve  of  completion,  its  construction 
would  thus  extend  over  a  period  of  about  three  years.      The  weight  of  wrought 

iron  in  tin-  bridge,  including  the  steel  pins,  was  1050  tons,  .md  of  cast  iron,  1050 
tons.  The  total  cost,  including  the  abutments,  would  be  £160,000,01  Cl  15*. 
[uare  foot,  and  £181  per  lineal  toot.  The  cylinders  of  the  164ft.  openings 
cost  complete  £20  per  lineal  foot  -.  the  outer  cj  linden  of  the  piers  of  tin-  tan  end 
est  about  £12, and  tin  inner  ones  about  £10 per  limal  foot.  The  bridge  wai 
designed  bj  Mr.  Hawksban  (President  tnst.  C.K.I,  the  engineer  to  the  Charing 
Cross  Railway  Company;  and  was  carried  nut  under  his  immediate  supervision, 
Mr.  John  II.  Stanton  (M.  Inst.  c.K.i  being  the  resident  engineer.  Mr.  Qeorge 
rVythes  was  tin-  contractor  for  the  oonstruotion  of  the  railway,  but  this  bridgi 

was  sublet  to  Messrs.  Cochrane  A  Co.,  whose  represontoth i  the  works  was 

Mr.  Joseph  Phillips  (Assoc  Inst,  c.l-l) 


DESCRIPTION  OF  THE  LYDGATE  AND  OF  THE  BUCKHORN 

WESTON  i:\ii.way  TUNNELS, 

Eh  Mb.  .1.  <;.  Fa  i  n  d    M,  [hot,  C.E. 

It  was  BJSUmed  that  the  aggregate  length  Of  the   tunnels  now  .laily  timers,  I 
by  railway  trains  in  tin-  I'nitcl  Kiii-doni  amounted  to  Mil  miles  ;   and  supposing 

their  cost'  to  have  been  on  i  £46 per  lineal  yard,  their  t  instruction 

must  have  caused  tin-  expenditure  ot  s,\  ami  a  bslf  millions  sterling.     Efpti 
the  present  time  this  int<  inch  of  Civil  Engineering  had  not  been  much 

discussed  at  tin-  Institution:   .is  tin-  Minut.  P    oeedings  oulj  oonts 

.i  tot.il  length  of  about 8  miles, involving  an  outlay  ..i  aboul 
i  ling.    Baoh  tunnel  bad  its  own  In 

i.d  peculiar  treatment,  aoeordirjg  to  tin-  character  of  the  strata,  the 
springs  "i  watei  '  these  works  wen-  transmitted  to  the 

[tioii  from  tune   to  time    more  effectual   measures  might    in  mi     '    -  I  '  I  I  ' 

practised,  with  adi  >»>■ 
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The  tunnels  forming  the  subject  of  this  communication  were  both  executed 
under  the  immediate  superintendence  of  the  Author,  as  Resident  Engineer  for 
Messrs.  Locke  and  Errington,  the  Engineers-in-chief. 

The  Lydgate  Tunnel,  on  the  Oldham  branch  of  the  London  and  North  Western 
Railway,  was  driven  through  the  coal  measures.  A  longitudinal  section  which 
accompanied  the  Paper,  prepared  from  actual  measurements  taken  during  the 
progress  of  the  works,  illustrated  the  geological  details.  Faults  were  common 
in  this  formation :  sometimes  severing  it  in  the  line  of  the  dip,  and  at  others  in 
the  line  of  the  bearing.-  Several  distortions  were  encountered,  and  at  one  point, 
one-half  of  the  tunnel  was  in  strong  shale  and  rock,  and  the  other  half  in  wet 
and  loose  shale.  The  total  length  of  the  tunnel  was  1332  lineal  yards ;  of  this 
about  1046  yards  were  on  a  straight  line,  and  286  yards  on  a  curve  of  74  chains 
radius  ;  its  width  was  25ft.  at  the  level  of  the  rails,  with  a  height  of  20ft.  Four 
permanent  shafts,  each  9ft,  in  diameter  in  the  clear,  were  sunk  at  intervals  of 
about  230yds.,  of  the  respective  depths  of  53J,  80,  75f,  and  53  yards,  They  were 
lined  with  9in.  brickwork,  or  with  12  inches  of  masonry,  except  in  the  rock. 
An  old  colliery  shaft,  which  had  been  closed  for  many  years,  was  also  re-opened, 
and  a  cross-heading  was  driven  from  it  into  the  tunnel,  a  distance  of  13£  yards. 
When  foul  air  was  met  with,  a  supply  of  fresh  air  was  forced  into  the  workings 
by  means  of  fans,  until  a  junction  was  effected  between  the  headings.  There 
was  a  considerable  amount  of  choke-damp  in  the  neighbourhood  of  the  old  coal 
workings.  To  overcome  its  effects,  a  bore-hole  was  sunk  from  the  surface,  which 
was  lined  with  an  iron  pipe,  and  through  this  fresh  air  was  forced  into  the  tunnel. 
The  sinking  of  the  shafts  was  carried  on  in  the  usual  manner,  by  excavating 
through  soft  material,  and  by  blasting  and  drilling  through  rock.  The  average 
rate  of  progress  was  11  lineal  yards  per  month.  After  attaining  a  depth  of  20 
yards,  the  material  was  raised  by  engine  power. 

A  bottom  heading  was  driven  from  the  faces  worked  from  the  cuttings  at  each 
end ;  but  with  these  exceptions  the  tunnel  was  mined  by  a  top  heading,  6Jft.  by 
4Jft.  first  being  made  for  the  full  distance  of  each  length.  The  crown  was  pro- 
tected by  larch  bars  and  poiing  boards,  and  after  the  ground  was  secured,  it  was 
gradually  widened  out  to  the  shape  of  the  tunnel,  the  same  description  of  timber- 
ing being  continued  to  about  10ft.  above  the  formation  level.  The  contract  price 
for  the  excavation,  including  the  timbering,  was  4s.  Qd.  per  cubic  yard.  In  the 
construction  of  a  tunnel,  the  masons,  or  bricklayers,  should,  as  a  rule,  commence 
the  lining  as  soon  as  possible  after  the  ground  was  prepared  for  them  by  the 
miners.  The  lengths  mined  at  each  face  varied  according  to  the  nature  of  the 
ground ;  averaging  in  loose  shale,  3  lineal  yards,  through  stony  shale  5  yards, 
and  through  rock  8  yards,  or  in  some  instances  10  yards.  The  prices  paid  to  the 
miners  ranged  from  £8  to  £18  per  lineal  yard,  one  half  of  the  total  length 
amounting  to  £12,  or  less. 

The  centres  used  were  skeleton  ribs,  set  about  l£  yard  apart ;  but  at  the 
leading  ends  two  ribs  were  fixed  close  together.  This  description  of  centering- 
was  found  to  answer  very  well.  The  price  allowed  for  setting  each  rib  was  8s. 
The  masonry  of  the  side  walls  was  of  coursed  rubble.  The  arch  for  a  length  of 
032  lineal  yards  was  turned  with  fitted  rubble,  but  owing  to  the  scarcity  of  good 
bedded  stone,  the  remaining  length  was  built  of  brickwork.  The  average 
quantity  of  masonry  per  lineal  yard  was  12|  cubic  yards,  and  the  contract  price 
throughout  was  20s.  per  cubic  yard.  The  mortar  was  composed  of  Barrow  stone 
lime  mixed  with  coal-ashes,  in  the  proportion  of  2  to  1,  ground  by  heavy  iron 
rollers,  and  used  fresh.  Its  setting  properties  were  most  satisfactory.  The  spaces 
between  the  crown  bars,  called  the  mid-feather,  were  filled  up  with  brickwork, 
and  the  bars  themselves  were  left  in  where  they  had  "  sagged." 

The  first  length  of  the  tunnel  was  keyed  in  on  the  27th  of  October,  1854,  and 
the  last  was  finished  on  the  21st  of  March,  1856,  a  period  of  seventeen  months, 
or  equivalent  to  about  80  lineal  yards  completed  per  month,  exclusive  of  the 
sinking  of  the  shafts.  The  contract  price  for  the  tunnel  was  £26  per  lineal 
yard  through  rock,  and  £35  16s.  per  lineal  yard  through  shale,  the  average  price 
being  £30  per  lineal  yard. 

The  Buckhorn  Weston  Tunnel,  on  the  Salisbury  and  Yeovil  Railway,  was  397 
lineal  yards  in  length,  25ft.  in  extreme  width,  and  20  feet  in  height  above  the 
level  of  the  rails.  It  was  constructed  through  Kimmeridge  clay,  intersected  with 
veins  of  loose  rock.  These  veins  acted  as  conduits  for  a  large  body  of  water, 
amounting  to  about  90  gallons  per  minute,  which  flowed  in  at  the  crown  of  the 
tunnel  for  nearly  oue-haif  its  length.  To  remedy  the  evil  effects  arising  from 
this  volume  of  water,  a  heading,  5ft.  by  5ft.,  was  driven  above  the  tunnel,  and 
about  10  yards  on  the  upper  side  of  it,  for  a  length  of  200  yards.  A  pipe  12 
inches  diameter,  was  laid  in  this  heading,  and  the  remainder  of  the  space  was 
filled  in  with  loose  stone.  The  water  was  thus  intercepted,  and  conveyed  away 
from  the  work.  It  was  originally  intended  to  execute  this  tunnel  by  means  of  a 
bottom  heading,  sufficiently  large  for  ordinary  waggons,  from  the  cutting  at  the 
west  end,  and  to  sink  two  shafts.  After  the  heading  had  been  driven  for  a 
length  of  2001ineal  yards,  it  was  found  that  the  action  of  the  atmosphere  caused 
the  sides  to  bulge  in  so  much  that  this  plan  had  to  be  abandoned.  A  smaller 
heading  was  then  substituted,  and  three  additional  shafts  had  in  consequence  to 
be  sunk.  The  shafts,  which  were  only  temporary,  were  8ft.  square,  and  were 
lined  with  timber.    Their  cost  amounted  to  £1  10s.  per  lineal  yard  of  tunnel. 

The  mining  was  performed  in  a  similar  way  to  that  of  the  Lydgate  Tunnel ;  a 
top  heading  being  first  driven  for  each  shaft.  The  average  price  for  mining  and 
tipping  was  4s.  (>d.  per  cubic  yard,  and  the  quantity  amounted  to  80  cubic  yards 
per  lineal  yard  of  tunnel.  The  lengths  mined  at  each  face  ranged  from  3^  lineal 
yards  m  heavy  ground,  to  5  lineal  yards  in  favourable  strata.  The  average  cost 
"I  mining  was  £30  per  lineal  yard,  exclusive  of  the  shafts.  The  crown  bars  were 
"I  torch,  18m.  diameter,  and  were  fixed  about  18in.  apart. 

The  centres  were  strongly  braced,  and  were  placed  about  l£ yard  apart.  Each 
rib  contained  35  cubic  feet  of  timber,  and  285  lbs.  of  wrought  iron  in  bolts  and 
3]  rape,  and  the  cost  of  setting  amounted  to  6s.  per  lineal  yard  of  the  tunnel.    As 

■'"''•  «:ls  anticipated  at  the  commencement  of  the  work,  the  first  ten 

lengths  were  built  with  an  invert,  which  contained  4  cubic  yards  of  brickwork, 
'*  >ar'1-     Further  experience  showed,  however,  that  this  was  not  neces- 


sary. The  tunnel  was  built  throughout  of  brickwork,  upwards  of  six  millions 
of  bricks  being  used,  and  the  average  quantity  per  lineal  yard  of  tunnel  was  20 
cubic  yards.  For  a  length  of  390  lineal  yards,  where  the  water  occurred,  the 
work  was  2ft.  8in.  in  thickness.  The  spaces  behind  the  brickwork  were  filled  in 
solid,  and  throughout  the  heavy  ground  three  bars  were  left  in,  on  an  average 
in  each  length.  As  there  was  no  sharp  sand  in  the  neighbourhood,  burnt  clay, 
fine  sand,  and  broken  bricks  were  ground  together,  and  mixed  with  Bridgewater 
hydraulic  lime,  in  the  proportions  of  2  to  1 ;  the  result  was  perfectly  satis- 
factory. 

The  first  length  of  this  tunnel  was  keyed  in  on  the  6th  of  October,  1858,  and 
the  last  was  completed  on  the  17th  of  February,  1860,  a  period  of  sixteen  months. 
The  total  cost  had  amounted  to  £53,000,  or  £72  per  lineal  yard ;  detailed  parti- 
culars being  given  of  the  cost  of  the  different  items. 


PUBLIC  WORKS  IN  PERNAMBUCO,  IN  THE  EMPIRE  OF  BRAZIL. 
By  Me.  W.  M.  Peninstos-,  M.  Inst.  C.E. 

It  was  stated  that  the  object  of  this  paper  was  to  describe  a  few  of  the  public 
works  of  one  of  the  most  extensive,  productive,  and  least-known  empires  of  the 
world.  Pernamhuco  was  one  of  the  principal,  but  by  no  means  the  largest,  of 
the  twenty  provinces  of  which  the  empire  consisted.  It  had  an  area  about  equal 
to  England,  whilst  its  population  was  estimated  not  to  exceed  one  million.  The 
commercial  capital  was  built  on  a  low,  sandy  flat,  but  little  raised  above  the 
level  of  the  ocean,  and  surrounded  by  an  amphitheatre  of  hills.  Its  position  was 
selected  on  account  of  the  natural  harbour  formed  there  by  a  reef,  or  in  Portu- 
guese, Recife,  the  true  name  of  the  city.  This  reef  ran  for  hundreds  of  leagues 
parallel  to,  and  only  a  short  distance  from,  the  coast.  In  the  neighbourhood  of 
Recife,  it  was  composed  of  soft,  calcareous,  and  silicious  sandstone,  intermixed 
with  shells  of  existing  species.  In  consequence  of  the  absence  of  quays  with 
sufficient  depth  of  water  for  vessels  to  come  alongside,  all  cargoes  had  to  be 
shipped  and  discharged  by  means  of  lighters. 

After  alluding  to  the  amount  of  shipping  frequenting  the  port,  the  character 
and  extent  of  the  exports  and  imports,  the  currenc}',  and  the  weights  and  mea- 
sures, reference  was  made  to  the  climate  of  Pernambuco ;  and  it  was  stated  that 
in  the  city,  which  was  less  healthy  than  the  country,  with  a  population  of  120,000, 
until  lately  without'any  drainage,  and  with  a  consumption  of  about  -J  of  a  gallon  of 
water  per  head  per  diem,  the  death  rate  was  only  1 J  per  cent.,  per  annum.  The 
variations  in  the  temperature  were  considerably  less,  and  the  regularity  of  any 
hour  was  much  greater,  than  in  this  country.  Thus,  in  the  summer  the  tempera- 
ture did  not  vary  more  than  1°  above  or  below  82°  at  9  a.m.  in  the  shade,  nor  in 
the  winter  2°  above  or  below  78°  at  the  same  time.  The  rainfall  in  1860  was 
67'20in.,  in  1861  it  amounted  to  123'75in.,  and  for  the  first  six  months  in  1862 
it  was  53'64in.  The  extreme  recorded  rainfall  during  this  period  occurred  in 
January,  1861,  when  it  amounted  to  7jin.  in  twent3'-four  hours,  of  which  up- 
wards of  4in.  fell  in  six  hours.  The  highest  floods  in  the  valleys  crossed  by  the 
Recife  and  Sao  Francisco  railway  varied  from  15  to  25ft. ;  but  these  rose  very 
rapidly,  as  frequently  the  river  was  in  its  usual  quiescent  state  in  the  evening, 
and  in  the  morning  it  was  a  raging  torrent. 

The  waterworks  and  the  gas  works  in  the  capital  were  then  briefly  noticed, 
after  which  the  streets  and  street  transport  came  under  review,  including  the 
Government  roads  and  bridges.  The  principal  streets  of  the  city,  which  were 
extremely  narrow,  were  pitched,  or  very  roughly  paved,  with  broken  granite, 
brought  from  Europe  as  ships'  ballast.  Outside  the  town,  the  total  length  of 
road  passable  during  the  greater  part  of  the  year  for  wheeled  carriages  through- 
out the  province  was  about  130  miles.  Of  this  one-sixth  only  was  metalled.  In 
some  districts  the  roads 'jWere  practically  useless,  from  the  want  of  bridges  across 
the  rivers ;  in  others  timber  bridges  had  been  built,  but  on  the  new  roads  now 
being  made  under  the  direction  of  Mr.  W.  Martineau  (M.  Inst.  C.E.),  the  Govern- 
ment engineer,  iron  bridges  had  been  adopted.  The  cost  of  the  roads  had  been 
in  times  past,  almost  fabulous,  exceeding  that  of  European  railways.  But  accord- 
ing to  the  latest  contracts,  the  cost  was  under  £3000  a  mile,  including  the 
bridges,  but  exclusive  of  the  metalling,  the  price  of  which  a  short  time  back 
amounted  to  upwards  of  £1  per  cubic  yard,  when  broken  and  spread  in  place. 
The  bullock  tracks  were  scarcely  available  for  public  traffic,  which  was  at  present 
chiefly  carried  on  b}r  pack-horses,  on  tracks  barely  wide  enough  for  two  horses  to 
pass  each  other,  and  pursuing  a  most  devious  course. 

There  was  properly  no  river  navigation  in  Pernambuco ;  but  the  Sao  Francisco, 
which  rose  in  the  hills  in  the  rich  mining  district  at  the  back  of  Rio  Janeiro, 
flowed  northward  from  Minas  Geras,  till  it  entered  the  province  at  its  south- 
west angle.  It  there  precipitated  itself  over  the  Falls  of  Paulo  Affouco,  a  depth 
of  nearly  200ft.,  whence  it  took  its  course  through  a  rocky  rapid  channel  for 
nearly  200  miles  to  the  sea.  Above  these  falls  the  river  was  navigable  to  the 
Falls  of  Pira  Pora,  a  distance  of  from  600  to  800  miles,  and  it  was  to  this  as  a 
feeder  that  the  railways  from  Recife  and  Bahia  were  both  directed. 

The  absence  of  river  navigation,  the  inefficiency  and  great  cost  of  public  roads, 
and  the  horrible  character  of  the  common  roads  of  the  country,  naturally  led  to 
the  consideration  of  a  railway.  This  was  brought  forward  by  Messrs.  de  Mornay, 
who  proposed  to  carry  a  line  throughout  the  entire  length  of  the  province  from 
Recife,  the  capital,  to  the  Falls  of  Paulo  Affouco,  on  the  Rio  Sao  Francisco.  A 
concession  was  granted  with  a  guarantee  of  5  per  cent,  from  the  Imperial  Govern- 
ment, and  of  2  per  cent,  from  the  Provincial  Government,  upon  the  estimated 
cost  of  completing  the  first  portion  of  the  line  from  Recife  to  the  River  Una,  a 
distance  of  about  75  miles.  The  original  estimate  was  for  a  line  on  the  North 
American  system  at  £540,100,  but  considerable  alterations  and  improvements  had 
caused  the  capital  to  be  increased  to  £1,200,000,  to  which  amount  the  guarantee 
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was  extended  ;  but  as  this  last  has  not  been  sufficient  to  complete  the  line,  the 
Government  J»ad  now  agreed  to  a  further  extension  of  the  capital,  to  cover  the 
sum  actually  expended  on  the  works. 

The  country  traversed  by  the  first  portion  of  the  Recife  and  Sao  Francisco 
Railway  to  the  River  Una,  presented  a  great  uniformity  of  its  physical  features. 
It  consisted  of  a  succession  of  narrow  valleys,  with  hills  from  100  to  150ft.  in 
height,  composed  almost  without  exception  of  a  rock  of  a  granitic  character, 
varying  from  a  state  of  perfect  decomposition  to  its  natural  hardness,  the  propor- 
tion of  soft  ground  to  hard  rock  being  at  least  10  to  1 .  It  was  decided  that  the 
curves  should  not  be  sharper  than  20  chains  radius,  or  the  gradients  steeper  than 
1  in  80,  nor  longer  at  that  inclination  than  2  miles.  In  no  case  had  the  specified 
gradient  approached  the  limited  length,  and  in  two  cases  only  had  it  exceeded 
1  mile  in  length.  There  was  only  one  tunnel,  and  that  under  500ft.  in  length. 
The  earthwork  on  the  heaviest  part  of  the  line  averaged  for  about  20  miles. 
40,000  cubic  yards,  per  mile — which  was  double  that  on  the  other  sections — the 
highest  embankment  and  the  deepest  cutting  being  40ft.  The  width  of  the  cat- 
tings  at  the  formation  level  was  20ft.,  reduced  to  10ft.  in  rock.  The  width  of 
the  embankments  at  the  same  level  was  16ft.,  their  height  being  fixed  at  18in. 
above  the  highest  known  floods.  There  were  eight  principal  bridges,  all  of  iron, 
varying  in  height  from  15  to  25ft.,  and  numbering  together  two  spans  of  90ft., 
two  of  80ft.,  eighteen  of  (50ft.,  and  one  of  50ft.  The  permanent  way  consisted 
of  the  ordinary  double-headed  rail,  laid  on  creosoted  larch  cross  sleepers ;  but 
10  miles  of  the  line  had  been  laid,  as  an  experiment,  with  Greave's  "  pot  " 
sleepers.  Trials  were  being  made  of  native  timber  for  sleepers  as  well  as  for  keys, 
and  samples  of  upwards  of  one  hundred  kinds  of  timber  were  exhibited,  most  of 
which  were  easily  obtainable  within  a  short  distance  of  the  railway,  and  would 
he  available  for  temporary  purposes,  but  probably  not  more  than  a  dozen  or 
twenty  would  be  useful  for  any  permanent  work. 

The  stations  and  station  arrangements,  the  rolling  stock,  the  engine  and  car- 
riage sheds,  and  the  workshops  for  repairs  and  for  waggon  building,  were  then 
severally  described.  It  was  stated  that  the  works  of  the  railway  were  com- 
menced in  May,  1369,  and  the  whole  of  the  first  section  to  the  River  Una  was 
finally  opened  in  November,  1862.  Part  of  the  line  had  now  been  in  operation 
for  five  years,  and  during  that  time  there  had  not  been  an  accident  to  a  pas- 
senger, even  when  five  engines  had  been  at  work  at  the  same  time  on  a  leugth  of 
20  miles  of  single  line.  This  was  very  creditable  to  the  locomotive  superintendent 
and  engine  drivers,  as  the  responsibility  rested  with  them,  the  other  officials. 
with  the  exception  of  the  traffic  manager,  being  allnativ  - 

The  labour  question  was  one  of  the  most  vital  importance  to  the  future  of 
Brazil.  Agricultural  operations  had  heretofore  been  conducted  exclusively  by 
slaves,  as  abo,  mainly,  the  work  of  porters  and  lightermen  about  the  ships, 
harbour,  and  warehouses  of  Recife,  for  some  years  past,  however,  the  laws  against 
the  further  importation  of  slaves  bed  been  strictly  enforced,  so  that  their  num- 
ber bail  gradual].  Liberal  concessions  had  been  granted  from  time 
time  by  the  Government  for  the  promotion  of  colonisation,  but  with  no  coin- 
mensnrate  success.  Experience  bad  proved  that,  both  in  the  province  of  lVr- 
narabneo  and  in  the  adjoining  province,  there  was  an  ample  supply  of  manual 
:•  for  any  public  work-,  or  extension  of  agricultural  operations,  at  present 
probable,  lint  the  difficulty  was  to  persuade  the  native  Brazilians  that  it  was 
to  their  advantage  to  sick  employment.  The  only  work  that  the  native  Was 
accustomed  to  was  ditching,  anil  the  only  tool,  the  hoe.  The  first  lesson  was  to 
induce  a  native  to  give  up  the  line,  and  take  to  the  pick  and  shovel.  Want  of 
order  and  discipline  prevented  them  from  working  a  barrow  road  properly,  and 
from  tipping  a  waggon  :  but  a  light  hand-cart  they  worked  very  well,  and  they 
would  till  a  set  of  ballast  waggons  in  leas  time  than  might  be  i  spected,  at  a 
Cost  of  9i.  cubic  yard,  exclusive  of  road-laying  and  repairs.  Men's 
-  varied  from  .'!.i.  to  3».  9'/.  per  day,  the  latter  pay  being  for  picked  nun  in 
all  casi 

Although  the  drfficuties  were  great  in  getting  the  native  labourer  into  order, 
temper  and  perseverance  would  overcome  them  with  time:  but  with  the  native 
artisans  the  difficulties  mechanics  ra  the 

principal  town-. -care.]-,  -utlicicnt  for  the  ordinary  work,  that  they  were  evBD 
more  independent  than  the  common  labourer,  and  infinitely  mare  conceited  and 
wedded  to  their  own  ways.  The  native  country  car]>enter  had  but  one  tool,  the 
"euxo."  or  band  adze,  and  not  b  I  idea  of  square  or  line,  all  bis 

work  hod  to  be  set  out.     II-  par  day.    Brick- 

work ondmasonrj  cost,  for  I  St.  to  14r  per  cubic  yard,  accord- 

ing to  the  thiekm  bright;  the  wages  varying  from  tt.\d,  to  R».  >'«(. 

p.r  day.  Native  smiths  received  Ss  6d.  to-fle.  <*•/..  and  painters  6s.  !W.  to  it. 
per  day.  Prom  the  description  which  was  given  of  the  capabilities  of  the 
native  workmen,  it  was  believed  that  foreigner*  mu>t  be  imported  lor  all  the 
higher  orders  of  work. 

Pernambnco    produo  unon  with    most    provinces  of     Bran],    very 

rior  timber,  and  of  infinite  variety ;  but  the  difficulty  ot  getting  it,  and  the 

if  transport,  rendered  foreign  timber  cheaper 

at  the  seaports,  and  at  all  places  at  sni    ustance  from  the  forests.    Tins  was 

■lie,  the  a»hlar  dressings  used  in  flie  public 
buildings  and  in  the  best  finished  private  hon-.  -  having  been  lent  from 
Lisbon.     The    native  bricks  WON  of  tin-  rn  !  tiffn,   and   wen    wiod    in 

all  stages,   from   tl  "['ly  snn-dried  to  sound   kiln-burnt.      Incon- 

sequence of  the  lie  atnnxphere  on  the  native  bricks;   it   was  neces- 

sary to  plaster  all  exposed  work.  The  Brazilian  or  Portuguese  tile  was  almost 
invariably   used   for  cc  -,  and  although   attempt*   hud   been    made   I,, 

introduce  corrugated  it  m   ind  other  materials  tor.  thing  could   oorn 

pare,  where  vent  >  portant,  with  the  ordinary  tile  of  the  country, 

The  Appendix  contained  the  standard  dimem         nl  the  Recife  and 

San    Francisco   liailwa  .  Ac    principal    •tmrturc-   upon    it,  as  well   as 

Of  the  rolling  stock.      Also,    tables    .f    the  wages    of   the    different    classes  <>l 
labourers  and  ettisaSJS,  of  the  prices  of  the  materials,  and  the  00ft  of  v: 
kinds  of  work  and  of  transport. 


OX  THE   MANUFACTURE   OF   DUPLICATE  MACHINES   AND 
ENGINES. 

By  Mr.  Jonx  Fekxie,  Assoc.  Inst.  C.E. 

After  referring  to  the  block-making  machinery,  designed  by  the  elder  Brunei 
for  Portsmouth  Dockyard,  and  to  the  Small  Arms'  Factory  at  Enfield,  as  exam- 
ples tending  to  show  that  the  system  of  duplicates  both  cheapened  and  improved 
the  manufacture  of  all  articles  to  which  it  could  be  applied,  the  Author  remarked 
that,  until  lately,  little  or  nothing  bad  been  done  in  its  application  to  the  manu- 
facturing of  machines  or  engines  on  a  large  scale.  It  was  true  the  principle  had 
been  acknowledged,  and  various  writers  had  urged  the  desirableness  of  its  intro- 
duction into  the  railway  system :  but  with  such  large  component  parts,  special 
machines  were  out  ot  the  question,  and  the  only  other  possible  mode  was  working 
to  a  correct  standard. 

Mr.  Whitworth  (M.  Inst.  C.E.)  had  advocated,  in  several  papers  read  before 
different  scientific  societies,  the  adoption  of  a  system  of  measurement  for 
mechanical  engineering  work,  in  which  the  inch  was  to  be  the  basis,  subdivided 
into  a  thousand  parts  for  the  finer  dimensions.  In  1 851,  he  exhibited  a  machine 
for  obtaining  tine  accurate  measurements  by  touch,  and  he  showed,  by  models, 
that  the  thousandth  of  an  inch  was  not  only  an  appreciable  quantity,  but  in 
many  cases  its  difference  was  what  constituted  a  bad  fit. 

The  Author  having  long  been  satisfied  that  the  mode  of  taking  dimensions  in 
the  workshop  was  behind  the  times,  had,  with  the  sanction  of  Mr.  Kirtley,  the 
locomotive  superintendent,  established  during  the  last  five  years,  in  the  wo"kshops 
of  the  Midland  Railway  at  Derby,  a  system  which  had  proved  most  beneficial, 
not  only  in  reducing  the  cost  of  the  work,  but  in  greatly  improving  it ;  and  at 
the  aame  time  perfecting  the  only  plan  by  which  all  the  parts  of  engines  could 
become  duplicates  of  one  another.  The  system  of  end  measurement  and  a 
gravity  piece,  as  invented  by  Mr.  Whitworth,  was  adopted,  and  a  machine  was 
constructed  capable  of  taking  in  100  inches.  This  machine  consisted  of  a  strong 
lied  plate,  having  on  the  upper  surface  a  V  groove,  planed  throughout  its  Whole 
length.  At  one  end  there  was  a  headstock,  through  which  a  square  spindle, 
fitting  the  groove,  was  propelled  by  a  hand  Wheel,  which  formed  the  nut  of  a 
screw  having  ten  threads  to  an  inch.  This  nut  was  in  two  parts,  and  could  he 
tightened  up  by  screws,  so  as  to  prevent  lateral  play ;  and  a  collar  and  washer, 
also  adjustable,  prevented  any  play  in  the  headstock.  The  other  end  of  the  bed 
bad  also  a  headstock  and  screw  movement,  so  as  to  adjust  the  length  of  the  pieces 
in  the  groove,  and  bring  the  readings  of  the  index  to  O.  The  difference  between 
this  machine  and  Mr.  Whitworth's  was  in  the  way  the  subdivisions  of  the  inch 
were  obtained.  In  the  Whitworth  machine  a  screw  with  exactly  ten  threads  to 
in  huh  was  first  made;  whereas  in  this  machine,  as  a  screw  could  not  be  found 
with  exactly  ten  threads,  it  was  necessary  to  run  a  thread  on  the  face  of  the  hand 
wheel,  and  sub-divide  this  for  the  length  required  for  an  inch.  The  manner  of 
obtaining  duplicates  with  this  machine  was  exceedingly  simple.  First  a  perfect 
inch  was  got,  and  then  it  second  was  made,  by  means  of  the  gravity  piece  :  after 
which,  all  other  sizes  up  to  100-in.  wero  readily  obtained.  These  -izes  were  now 
kcptjts  duplicates.  The  finer  dimensions  were  read  from  the  divisions  on  the 
wheel,  and  from  these,  gauges  for  use  in  the  workshop  were  made.  All  dimensions 
were  thus  duplicate  multiples,  or  divisions  of  tin  inch,  and  a  bare  one-sixteenth 
of  an  inch  became  not  an  unknown  quantity,  variable  with  the  ride  or  the  eye  tfl 
the  workman,  but  so  many  thousandths  of  an  inch,  which  were  stomped  on  the 
gauges,  and  were  soon  understood.  One  of  the  first  applications  of  the  system 
in  the  workshop  was  to  establish  the  necessary  degree  of  tension  required  to 
ensure  a  perfect  fit  of  a  wheel  on  its  axle,  The  result  of  experiments  showed 
that  with  a  difference  of  ■005  of  an  inch  in  the  dimensions,  there  was  a  small 
permanent  set  in  the  wheel  boss,  but.  with  a  difference  of  '003  of  an  inch  the  set 
was  hardly  perceptible.  It  was  found  however  that,  with  ordinary  lathe  work. 
'008  was  rather  to  line  a  dimension,  as  lathes  were  seldom  exactly  true  in  their 
spindles.  The  size  "006  wtis  1  lion  finally  adopted.  In  shrinking  on  outside 
cranks  it.  was  found  that.  'OW  was  suilicient  to  retain  Hem  in  their  places,  while 
Cr0S8-bsBd  spindles  2jin,  diameter  required  a  dill'eroncr  of  ,|l"l,  and  levers  with 
Bin,  boles  of  only  'OQL 

The  gauges  were  I  lien  de  eribed,  as  well  a- the  milliner  in  which  the  lengths 
of  the  eccentric  rod,  were  pn    erved    uniform,    and    bow    the    key    grOOVS   m   the 

outside  cranks  and  the  eccentric  kej   grooves  were  out*    No  -citing  out   wa- 
required,  and  there  was  no  chance  of  mistake  from  the  carelessness  or  workmen. 

Unless  the  cranks  and  eceenl  lies  were  exact,   they    would    not    lit    the    tool-,   and 
thus  a  certainly  WAS  attained  in  the  depth  and  positt 1  tin-  k<  j      HJOVP', 

Considerable  improvements  bad  been  effected  of  late  years  in  plate  moulding, 
ami  the  plan  adopted  nl  ihe, Midland  Railway  Works  tit  Derby,  «a-  believed  <■ 

be  the  lir.st  implication  of  the    y  itCM    tfl    lulil.o ■■•    And  complicated    enstingf    a- 
lOci live  cylinders.      Moulding    hove,    for  a\le    brasses    were   exhibited,   and   ., 

d|    orip ■■■'       tven  of  the  manner    of  til'ltn      i  \  limbr-.      Ily    this    mode,   a 

i n i n i in ii in  quantity oi  BBnd.wi «J,th8  projeotrn    pi        casi  on  the  I 

did  awn}  with  the  neoesiiti  of  lrfters,  the  castings  came  cleanse  from  the  satid, 

the  pattern:  vmre  not   I. nod... I  to  pie.  c.  by  rapping,  and  I  be  c\  lindi  r.    wen-    per- 
fectly   I  me  iii  He-  Lore  1  pa  SngCS. 

The  plan  of  filling  together  the  \ari. Ill     pi  M   DO    SMUTS   uniformity    in 

erection  a    v.eii  as  hi  del  oi  we     ' It  cubed  j  and  it  was  urged,  thai  by  this 

system  Oi    aceur  Me  on  ..   0 ll     h ..never  bilge  the  parts  might  be.  tiny  l.eciuiu 

duplicates  of  one  another,  and  could  at    am    I  line  be    replaced.      The    a. Ivan: 

claimed  wofi    ,(  n  manufacture,  greater  excellence  in  workmanship,  and 

nperfboi    yitem  of  duplicates,  whersoj  the  ports  became  interchangeable.     Phi 
author  especially  recommended   thi  to  the  engineers  of  Indian  and 

Colonial   I  la  1 1  v.  ays,  11,  I  here  was  no  reason  win   the  d  liferent  par  and 

,,1  rolling  itool  ; nraMj     I Id  »"<  '"   :"  pwfcot  dupMi  ttss  h  tl   n  ■ '■  the 

Knficld  11  lie. 
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DESCRIPTION  OF  THE  LINE  AND  WORKS  OP  THE  SCINDE 

RAILWAY. 

By  Me.  John  Bettnton,  M.  Inst.  C.E. 

The  importance  of  the  valley  of  the  Indus,  as  the  route  for  commercial 
as  well  as  for  military  communication  with  the  Punjaub  and  the  north- 
west provinces  of  India,  was  pointed  out  by  Sir  Charles  Napier,  the  Con- 
queror of  Scinde,  so  far  back  as  the  year  1812  j  and  its  many  natural 
advantages  subsequently  attracted  the  notice  of  other  eminent  men. 
When,  therefore,  railways  were  introduced  into  India,  attention  was  soon 
drawn  to  the  Indus  valley  route,  having  Kurracbee  as  its  sea  terminus  ; 
and  a  concession  having  been  granted  to  Mr.  W.  P.  Andrew,  the  Scinde 
Railway  Company  was  formed  in  1855.  This  Company  embraced  under 
its  management  not  only  the  Scinde  Railway  proper,  or  the  line  from 
Kurrachee  to  Kotree  on  the  Indus,  108  miles,  but  also  the  Punjaub  line 
from  Moultan  to  Lahore  and  Umritsir,  210  miles,  and  likewise  a  flotilla  of 
steamboats  for  navigating  the  river  from  Kotree  to  Moultan,  570  miles. 
Within  the  last  three  months  the  Government  had  entrusted  to  the  same 
Company  the  construction  of  a  line  from  Umritsir  to  Delhi,  280  miles, 
where  a  junction  would  be  effected  with  the  northern  terminus  of  the 
East  Indian  Railway.  The  total  length  of  these  four  sections  was  1198 
miles,  but  the  accounts  of  each  section  were  kept  perfectly  distinct. 

The  construction  of  the  first  section  of  this  line,  from  Kurrachee  to 
Kotree,  which  had  been  graphically  described  as  "  the  neck  of  the  funnel" 
of  the  entire  system,  formed  the  subject  of  this  communication.     After 
alluding  to  the  works  in  progress  for  increasing  the  depth  of  water  over 
the  bar  at  the  mouth  of  the  harbour  of  Kurracbee:  which  was  not  only  the 
natural  port  of  Scinde,  but  also  of  the  Punjaub  and  of  Central  Asia,  and 
for  extending  the  quay  and  wharf  accommodation,  reference  was  made  to 
statistical  returns,  showing  the  rapid  increase  which  had  taken  place  in 
the  import  and  export  trade  of  the  port  during  the  last  quarter  of  a 
century.     Hitherto  all  couimercial  communication  with  the  upper  dis- 
tricts had  been  carried  on  by  native  boats  on  the  Indus,  or  by  caffilahs  of 
camels — no  roads  worthy  of  the  name  existing.     This  led  to  great  expense, 
inconvenience,  and  irregularity.     The  works  of  the  Scinde  Railway  were 
commenced  on  the  29th  of  April,  1858,  their  execution  having  been  origi- 
nally let  to  Messrs.  James  and  Edwin  Bray,  contractors ;  but  since  June, 
1859,  the  works  had  been  executed  departmentally,  without  the  inter- 
vention of  a  large  contractor,  by  the  Company's  engineers  and  inspectors, 
who  had  thus  favourable  opportunities  for  becoming  acquainted  with  the 
capabilities  of  the  various  classes  of  natives,  as  well  as  for  ascertaining  the 
cost  of  each  description  of  work.     This  mode  of  carrying  on  the  works  was 
forced  upon  the  Company  by  the  peculiar  exigencies  of  the  case ;  but  the 
author  thought,  that  for  the  construction  of  large  works  in  India,  under 
Government  guarantee,  the  employment  of  a  substantial  contractor  was  a 
preferable  plan.      To  secure  the  economical  execution  of    the   works,  a 
fair  tariff  of  wages  was  published,  and  daily  payments  were  guaranteed. 
This  had  the  effect   of   collecting   a   considerable  number  of  labourers. 
The   province   of   Scinde    contained   but   a   sparse  population,  and   the 
Seindee  was  naturally  indolent  and  devoid  of  muscular  power,  though  not 
deficient  in  talent.     The  natives  of  the  surrounding  state  of  Cutch  were  a 
much  superior  race,  and  from  thence  came  a  large  proportion  of  the  skilled 
workmen,  such  as  carpenters,  masons,  smiths,  and  other  handicraftsmen. 
From  the  hill  tribes  of  Beloochistan  and  Afghanistan  a  hardy  race  of 
labourers  were  obtained.     To  maintain  discipline  amongst  this  body  of 
men,  it  was  found  advisable  fo  organise  a  regular  railway  police  force;  and 
to  facilitate  the  administration  of  justice,  a  special  magistrate  was  appointed 
by  the  Government.     Owing  to  these  precautions  very  few  outrages  of  a 
serious  character  had  occurred.     As  the  line  of  railway  lay  at  a  distance 
from  existing  towns  and  villages,  it  became  necessary  to  make  such  arrange- 
ments for  the  feeding,  shelter,  and  health  of  the  different  employes  as 
policy,  no  less  than  humanity,  suggested.     The  natives  worked  in  gangs 
under  a  self-elected  muccadum,  or  ganger,  who  made  all  agreements  for 
work,  received  the  earnings  for  his  division,  and  was  himself  paid  a  small  per 
centage  by  the  men.     When  work  was  executed  by  day  .labour,  it  was 
found  that  its  economical  execution  depended  entirely  upon  the  energy 
and  honesty  of  the  muccadum,  or  native  overseer.     These  qualities  were 
so  rare,  that  piece  work  had  to  be  resorted  to,  though  it  was  with  difficulty 
this  was  established  as  a  rule.     The  average  prices  paid  for  earth  and  rock 
work  per  cubic  yard  were,  alluvial  earth  excavated  from  side  trenches  and 
placed  in  embankment,  4.09  pence,  firmly  set  gravel,  or  soft  shaly  material 
V9  pence,  rock  requiring  bars,  but  not  blasting,  1*.  9d.,  and  hard  rock  re- 
quiring blasting,  the  powder,  drills,  &c,  being  found  by  the  Company,  2s. 
OraVel  ballast  cost  Is-.,  and  broken  stone  ballast  1*,  lOd.   per   cubic  yard. 
The  average  prices  of  the  principal  kinds  of  work,  including  the  cost   of 
the  provisional  staff  of  superintendents,  but  exclusive  of  that  of  the  per- 
manent engineering  staff,  were  as  follows  :— 


Earthwork  in  embankments 0s.  ll%d.  per  cubic  yard 

„  in  cuttings,  a  large  portion  rock  of 

different  degrees  of  hardness Is.  6%d.  „ 

„          in  diversion  of  roads  and  streams...  Os.  8$d.  „ 

Picking  slopes 2s.  Od.  per  square  yard 

Masonry,  concrete   4s.  6d.  per  cubic  yard 

dry  rubble  3s.  Od. 

„        common  rubble  12s.  Od.  „ 

„        coursed  rubble,  with  rubble  backing  15s.  Oi.  „ 

„        coursed  rubble 20s.  Od.  „ 

',        block  in  course    31s.  6d.  „ 

,,        ashlar   Is.  1\d.    per  cubic  foot 

Ballast   Is.  6d.  percubicyard 

Leading  and  laying  permanent  way 6s.    Od.  per  lineal  yard 

Fence  walling  3s.  Od.  „ 

The  province  of  Scinde  being  situated  in  what  was  termed  the  rainless 
zone,  the  rainfall  was  very  small,  the  average  quantity  measured  at  Kur- 
rachee during  the  five  years  ending  31st  August,  1860,  amounting  only  to 
5'32  inches  per  annum.  Except  during  the  rainy  season,  the  river  beds 
were  dry,  but  in  them  water  could  generally  be  obtained,  by  sinking  to 
depths  varying  from  5  to  30  feet.  All  the  water,  however,  procured  from 
these  wells  was  more  or  less  saline.  In  the  neighbourhood  of  Kurrachee, 
the  principal  features  of  the  country  were  low  hills  varying  from  150  to 
200  feet  in  height,  consisting  of  a  coarse-grained  arenaceous  rock,  of  a 
dirty  yellow  colour,  abounding  with  fossils.  Most  of  these  hills  were 
capped  with  conglomerate,  more  or  less  disintegrated  on  the  surface. 
The  hills  lying  north  of  the  Indus  to  the  foot  of  the  Hala  range,  of  which 
they  were  spurs,  exhibited  the  effect  of  great  disturbance,  and  the  drain- 
age of  the  country  passed  through  the  fissures  thus  formed.  One  of  the 
most  remarkable  of  these  was  at  Dharwat,  where  during  the  rains  the 
water  of  the  Bahrun  rose  at  times  70  feet,  rushing  through  the  pass  with 
overwhelming  force.  The  Kheytriani  hills  were  composed  of  pale  aren- 
aceous limestone,  and  those  in  the  neighbourhood  of  the  Rhodh  river  of 
calcined  clays  of  various  colours. 

The  distance  between  Kurrachee  and  Kotree  traversed  by  the 
Scinde  Railway  was  108  miles  10  chains.  Of  this,  32  miles  50  chains 
were  level,  and  75  miles  40  chains  were  on  inclines  more  or  less 
favourable — 1  in  200  being  the  ruling  gradient.  The  total  length  of 
straight  line  was  74  miles  22  chains ;  the  length  of  the  line  on  curves 
was  therefore  33  inches  68  chains,  the  sharpest  curve  having  a  radius  of 
43  chains  for  76  chains.  The  earthworks  were  generally  executed  to 
accommodate  a  single  line  of  railway,  but  all  the  bridges,  culverts,  and 
stone  viaducts  were  constructed  to  carry  two  lines.  In  the  case  of  wrought- 
iron  viaducts,  the  stone  piers  were  adapted  to  support  girders  for  a  double 
line,  while  those  required  for  a  single  way  only  were  erected.  Between'' 
the  workshops  at  Ghizree  junction  and  the  terminus  at  Bunder  head,  a 
distance  of  3  miles  15  chains,  the  line  was  double ;  and  a  short  branch  of 
3i  miles  in  length  had  been  constructed  from  the  workshops  to  the  eastern 
delta  of  the  Indus.  The  permanent  way  consisted  of  the  ordinary  double- 
headed  rail,  fixed  in  chairs,  laid  on  transverse  wooden  sleepers.  A  large 
proportion  of  the  sleepers  were  of  yellow  pine  creosoted,  sent  from  Eng- 
land. It  was  intended  to  complete  the  required  quantity  with  sleepers  of 
deodar  timber,  from  the  Himalayas ;  but  the  native  merchant  having  been 
unable  to  fulfil  the  contract,  a  supply  was  purchased  of  Australian  blue 
and  white  gum,  and  native  red  eyne  sleepers.  Their  respective  costs  were 
creosoted  yellow  pine  8s.  lid,,  Australian  blue  gum  8s.,  and  eyne  7s.  9^- 
each,  delivered  at  Kurrachee ;  that  of  deodar  delivered  at  Kotree  being 
6s.  each.  The  deodar  sleepers  were  at  first  steeped  in  a  solution  of  sulphate 
of  copper,  to  protect  them  from  the  attacks  of  the  white  ant,  but  a 
Buruetizing  apparatus  had  since  been  erected  at  Kotree,  where  the  cost  of 
applying  the  process  only  amounted  to  fivepence  half-penny  per  sleeper. 
The  result  of  the  author's  experience  was,  that  creosoted  yellow  pine 
sleepers  split  and  twist  to  a  great  extent,  owing  to  the  extreme  dryness  of 
the  climate,  and  that  they  become  very  brittle.  The  majority  of  the 
fencing  consisted  of  a  dry  rubble  stone  wall,  having  a  coping  of  stones  on 
edge,  set  in  mortar.  Locomotive  erecting  and  repairing  shops  had  been 
built  wheve  the  Ghizree  branch  left  the  line.  The  organisation  of  these 
works,  with  a  view  to  their  ultimate  utility,  and  at  the  same  time  having 
regard  to  economy,  was  surrounded  with  many  difficulties.  To  employ 
entirely  European  workmen  would  have  involved  enormous  cost.  It  there- 
fore became  necessary  to  call  in  the  aid  of  native  carpenters  and  smiths,  as 
far  as  practicable.  They  first  bad  to  be  induced  to  stand  to  their  work, 
and  then  to  be  taught  the  use  of  European  tools.  This  had  been  accom- 
plished by  degrees,  and  the  result  had  been  most  satisfactory ;  the  carriages 
now  framed  and  erected  at  these  shops  by  Cutch  carpenters  displaying  ad- 
mirable workmanship.  To  keep  up  a  supply  of  European  foremen,  fitters, 
engine-erecters,  and  engine-drivers,  the  system  of  taking  the  sons  of 
European  soldiers  and  clerks,  as  apprentices,  had  been  adopted,  by  which  a 
staff  of  men  thoroughly  acclimatised  was  being  educated  in  all  branches 
railway  mechanism.  The  electric  telegraph  with  two  lines  of  wires, 
c.vrried  upon  posts  of  deodar,  let  into  cast-iron  sockets,  was  laid  along  the 
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railway.  The  block  system  of  working  the  trains  was  employed  ;  needle- 
speaking  instruments  being  used  for  conveying  information  between  the 
the  stations  and  passing  places. 

As  the  line  crossed  the  natural  drainage  of  a  great  extent  of  country,  a 
large  provision  for  waterway  was  necessary.  It  was  comparatively  easy 
to  fix  the  spans  of  the  bridges  at  the  rivers  and  nullahs,  but  in  crossing 
wide  fiat  plains  the  question  was  difficult.  The  plain  at  Pipri  was  nearly 
five  miles  broad.  Originally  a  number  of  culverts  was  built  there,  and 
catchwater  drains  were  cut  to  conduct  the  rain  into  the  river  Gugger.  In 
1861  the  rain  was  very  heavy  in  this  locality,  and  the  water  was  ponded  up  by 
the  embankment,  which  was  soon  breached  in  several  places.  The  line  was 
then  lowered  to  the  natural  surface  of  the  ground,  being  in  fact  laid  in  a 
ditch  16  feet  wide  and  2  feet  deep,  and  during  the  unusually  heavy  rains  of 
1862,  the  water  flawed  over  the  rails  to  the  depth  of  9  inches,  without 
either  damaging  the  line  or  stopping  the  traffic.  Whenever  the  height  of 
the  embankments  would  admit  of  it,  and  to  secure  the  largest  amount  of 
waterway,  the  culverts  had  a  span  of  8  feet  6  inches,  the  permanent  way  being 
carried  in  such  cases  upon  teak  beams,  which  supported  a  platform  of 
planks,  covered  with  ballast,  as  a  protection  from  fire.  The  heaviest  piece 
of  masonry  upon  the  line  was  the  large  stone  viaduct  across  the  Bahrun 
river.  It  was  172Sft.  in  length,  and  its  greatest  height  was  31ft.  4in. 
The  superficial  measurement  of  the  bridged  area  was  44,064  square  feet. 
It  consisted  of  thirty-two  arches,  each  45ft.  span,  and  having  a  rise  of 
10ft.  6in.  Its  total  cost  was  £27,185.  This  viaduct  was  completed  in 
twenty-two  months  and  a  half.  There  were  six  viaducts  with  iron  girders, 
on  Warren's  principle,  of  80ft.  span  each,  the  total  number  of  these  spans 
being  forty-two.  From  experience  the  author  could  not  speak  favourably 
of  these  girders,  when  contrasted  with  the  plate  girder,  as  there  was  an 
amount  of  vibration,  both  laterally  and  vertically,  caused  by  passing 
trains,  which  had  the  effect  of  breaking  or  loosening  the  bolts  fixing  the 
longitudinal  timber  stringers  to  the  cross  girders.  The  viaduct  across  the 
Chinese  creek  would  consist  of  ten  openings,  each  of  100ft.,  spanned  by 
girders  of  plate  iron,  of  elliptic  form  in  elevation. 

The  extension  of  railway  communications  into  wild  and  uncivilised  coun- 
tries demanded  from  all  grades  of  the  employes  the  exercise  of  more  than 
ordinary  observation,  self-discipline  and  energy.  It  would  therefore  be 
wise  policy  on  the  part  of  all  foreign  railway  companies,  and  the  contrac- 
tors for  the  works,  to  be  more  strict  than  they  have  hitherto  been,  in 
ascertaining  that  the  agents  sent  out  from  this  country  at  great  cost,  were 
something  more  than  proficient  in  the  practical  details  of  their  profession, 
as  they  ought  also  to  be  possessed  of  gentlemanly  feelings  and  habits, 
by  which  alone  the  respect  of  the  uncivilised  native  could  be  obtained, 
and  hi.?  services  secured,  so  as  to  reduce  the  cost  of  the  work,  and  convert 
the  railway  engineer  into  a  pioneer  of  civili3ation  and  a  missionary  of 
science. 
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Engineer  (Tubular  Cranes). — In  answer  to  your  enquiry  the  proportions  for 
cranes  of  15ft.  radius,  and  20ft.  height,  should  be  as  follows,  viz.,  depth  d  =  3ft., 
breadth,  b  =  2ft.    For  compression  flange,  plates  to  be  fin.  thick,  for  tension 


Erratum.—  In  the  last  number  of  Tin;  Aiitiziv,  at  page  IJ-".  under  the  head  of  Loco- 

motive  Engineering,  rlrsl  column,  31sl  line  from  the  top,  instead  of  reading  "  if  mi  arilk- 

m  be  taken  between  thi       and  the   working  load,  \r."  read   jf  anarUht 

be   taken  between  the  extreme  limite    <if  ultimate  strength  and  the  Man  working 

it  rem,  Src. 

A   Constant    READEB  A.BD  SuBBCBIBBB   (EdIBBUBOh) — Cannot  do  better  than 

consult  a  very  useful  little  work,  written  by  a  Mr.  George  Ede*  which  treats 
specially  of  the  processes  upon  which  our  correspondent  wishes  to  be  informed. 
should  von  require  further  particulars  write  to  aj.  We  shall  at  all  times  be 
glad  to  hear  from  yon. 

A. — The  working  pressure  of  the  "  Leinster's"  Boiler  is  201bs.  per  square  inoh. 
The  engines  an-  not  fitted  with  any  expansion  gear,  but  the  steam  i-  cut  off  by 
the  slide  valves  at  aboul  [ths  -f  the  stroke  of  the  piston.  The  shafts  are  ul 
wrought  iron,  'flu-  average  vacuum  in  condensers  is  about  26in.  Tin-  total 
boiler  surface  expose  I  to  heat  i-  16  300  quare  feet.  The  boilers  are  not  fitted 
with  superheating  oi 

A.  E.  D.  (Uoorkcc).— Wc  question  if  the  plan  you  propose  would  answer,  and  a, 

it  is  also  ui ''--.aril)  complicated,  we  should  prefer  to  employ  the  loarf  joinl  as 

ihown  in  the aci  sketeh,  ^, „„ 

the  pieces  to  lie  joined,  being  drawn 

together   by  a   key    or  by  double 

wedges,  and  then  bolted  throrq  I 

an     shown.       As      an      additional  rUr~  "•■" 

security,  straps  might  boadded.  Bablow,  in  Tredgold's Carpentry,  itates  thai 
— "The  length  ol  the  scat  i  ihould  be,  il  holts  are  not  used,  as  teflon  i  —  In  oak 
ash,  or  elm,  six  times  the  depth  of  the  beam.  In  tir,  twelve  times  the  depth 
oi  the  beam,  [f  bolts  and  indents  combined,  the  length  of  the  scarf  should 
be — [n  oak,  ash,  or  olm  twice  the  depth  oi  the  beam.  In  tir,  tour  timesthe 
depth.    In  scarfing  beams  to  rmisi  transverse  strains,  straps  driven  on  tight 

are  better  than  bolts.  Tin-  sum  of  the  ana-  of  the  holt-  should  not  In- 
less  than  one-fifth  tin-  area  of  the  beam,  when  ■<  longitudinal  -train  is  to  In- 
borne.  No  joint  should  be  used  in  which  shrinkage  or  expan  ion  can  tend  to 
tear  the  timbers.    No  joint  can  be  made  so  strong  as  the  timber  Itself.' 

•  The  Mnnagoment  of  steel;  Including    Forging,  Hardening, Anntallng, Shrinking, 
and  expansion ;  also,  the  Case  Hardening  of  Iron.    By  George  S  v.raml 

London. 
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flange,  -fftin..  angle  irons,  2jiu.  x  |in.  thick.  The  pillar  to  be  ISin.  diameter 
and  3in.  metal.  The  proportions  for  large  cranes  of  ISft.  radius  and  24tt. 
height  should  be,  depth,  d  =  3ft.  9in.,  breadth,  b  =  2ft.  Gin.,  the  plates  for 
compression  flange  to  be  Jin.  thick ;  for  tension  flange,  tV".  thick.  The 
angle  irons  to  be  3in.  x  -nfin.  This  crane  should,  instead  of  revolving  upon 
a  cast  iron  pillar,  be  constructed  similarly  to  that  illustrated  in  the  AbtIZAB 
of  June,  1862.  Should,  however,  special  circumstances  render  it  necessary  to 
employ  a  pillar,  it  should  not  be  less  than  23in.  diameter,  and  the  thickness 
of  metal  3in.  The  dimensions  given  are  those  at  the  level  of  the  foundation, 
the  depths  and  breadths  to  be  reduced  gradually  towards  the  end  of  the  jib, 
as  shown  in  the  number  of  the  Artizan  we  have  just  referred  to. 

O. — The  material  to  which  you  refer  (Saxifragine)  is  a  recently  invented  powder 
for  blasting  and  quarrying  purposes  which  has  already  gained  considerable 
reputation  on  the  Continent,  and  has  been  patented  in  various  countries. 
The  Russian  patent  has,  we  understand,  been  sold  to  the  government  ot  that 
country,  and  in  Belgium  and  Prussia,  companies  have  been  formed  and  are 
rapidly  producing  the  material.  The  following  are  some  of  the  objections  urged 
against  the  use  of  the  ordinary  blasting  powder  : — The  ordinary  powder  is  diffi- 
cult and  expensive  to  transport,  on  account  of  the  precautions  it  requires. 
2.  The  expenses  for  the  conveyance,  of  a  small  quantity  being  as  great  as  for 
a  large  quantity,  consumers  must  lay  in  all  they  require  for  a  considerable 
time,  which  is  very  inconvenient,  owing  to  the  great  danger  involved  in  stor- 
ing it.  The  ordinary  Powder  being  adapted  to  gunnery  and  sporting;  pur- 
poses, it  has  been  found  that  it  is  often  purloined  to  a  largeextent.  It  also 
presents  great  danger  to  workmen  inconsequence  of  its  scattering  fragments, 
in  all  directions  with  great  force.  It  cause-  constant  interrupting  interruption 
of  work,     It  exercises   a   pernicious   influence   on   the  health   of  men  by  the 

thick  smoke  and  sulphurous  gas  which  remain  after  explosion.    Sulphur  is 

used  to  some  extent  in  the  manufacture  of  ordinary  powder,  and  its 
pernicious  effects  are  no  where  more  visible  than  in  mine  blasting, 
added  to  which  must  be  considered  its  cost.  The  inventors  claim  that 
all  these  objection-  an-  obviated  by  the  use  of  savifraginc.  which 
is  composed  chiefly  of  nitrate  of  barytas  in  place  ot  saltpetre,  of  which  only 
a  very  small  per  centage  is  introduced;  sulphur  is  entirely  dispensed  with, 
and  consequently  the  cost  of  the  material  i-  much  reduced,  whilst,  being  from 

the  nature  of  its  composition  of  a  very  dilatatory  or  expansive  character,  its 

practical  value  is  considerably  enhanced.    It  i-  much  less  dangerous  to  carry 

and  to  store  than  gunpowder.      It  is  not  likely  to  he  purloined.  a-  it  cam. 
u-eil  for  firearms.     It  does  not  cause  the   men  to  be  constantly  interrupted  in 
their  occupation.     It    does  not  produce  thick    smoke  or   sulphurous  gas.     It 
blasts  the  rook  as  well  or  even  better  than  the  ordinary  powder.    Its  theore- 
tical force,  as  c pared  with  that  of  the  ordinary  powder,  a  calculated  at  18 

toll  in  its  favour.     Owing  to  its  superior  force   and  eh-n-ity,  it    occupies   less 

space  in  the  hole,  so  thai  the  centre  of  gravitj  of  the  obtuse  may  be  pie     I 
low  with  a  shallo»,a-  hob-  and  equal  tamping.    It   is  much  less  expeni 
With  reference  to  its  practical  application,  the  method  of  proceeding  with 
Saxifragine  is  similar  to  that  adopted  with  the  ordinary  powder,  but  the  re- 
port of  the  explosion  is  far  less,  whilst  the  expansive  power  is  greater  than 
that  of  the  powner  now  in  use.    The  stone  is  fractured  as  well  as,  and  even 
better  than  it  would  be  by  the  old  process,  bul  the  fragments  detached 
not  cast  to  a  distance  as  is  now  the  case;  the  pieoeeare  complete]]  detached 
from  the  roolt,  and,  the  combustion  being  less  instantaneous  than  that  ..f  the 
ordinary  powder,    the  gas   does  nol    produce-  a  violent  shock    against  the 
side-  of  the  mine,  but  rather  an  increasing  and  progrosssiva  pressure  until 
rock  ii  ruptured.    It  may  i"-  used  in  nun.-  ana  even  In   win    collieries, 
where-,  from   tin-  danger  attending  the   ue  oi   ordinary  powder,  blasting 

baa,  al  ■  groat  laorinoe,  been  aband i.    This  observation  is  confirmed  by 

th.  in  which  laxifragine  hum-,  in  tl pen  air.    Ordinary  pow 

sprc  id  on  tantly,  and  rises  in  -moke-,  leaving  only 

a  little  dust  behind  it;  bul  upon  all  the  surface  which 

it  covers,  make-  bo  explosion,  bul  hum-  with  an  immense  rivacitj  and  d 

lope,  an rmous  quantitj  oi  gas,  whioh  is  tl :  expansive 

power,  and  as  it  leaves  behind  it  .i  oertain  blackish  n  ridue,  Il  i anno!  w 
for  fire-arms.  Moreover,  saxifrogino  nol  being  hygroscopic,  it  ii  ■ 
and  burns  freely  in  the  air  without  explosion,  whilst  al  tho  same  time- 
not  more  dangerous  to  keep  than  tow,  nay,  oi  ani  ..th.i  combustible  mal 

w i. it. oid  that  the  parties  intart  tea  In  thu  matter  in  England  ; 

-.ui  over  an  engineer  t"  Belgium  who, in  oompan]  with  tin-  government 
official!  ol  that  country  and  offloers  deputed  bj  thi    I  ad  Swedish 

Legations  at  Brussels,  has  made  experiment*  In  the  limesl [uarries  on  the 

hanks  ol    the  IteUSe,  ami  also  in  tin-  granite  qUJUrl  -.  hi.  h  have 

proved  ver>  wsful,  and  which  tend  to  confirm  tin-  representations  mads 

to  tin-in  bj  the  Inventors  "t  the  Bjcrifragiuee 
\V.  .1.  ('.— Particulars  r ived,  and  will  be  referred  to  in  our  next. 
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LONDON  ASSOCIATION  OF  FOREMEN  ENGINEERS. 

NEW  SYSTEM  OF  MARINE  PROPULSION. 

On  the  night  of  Saturday,  the  6th  ult.  the  ordinary  monthly  meeting  of  the 
above  society  took  place.  Mr.  Joseph  Newton,  of  the  Royal  Mint,  President, 
occupied  the  chair  on  the  occasion,  and  the  main  business  of  the  evening 
consisted  of  an  adjourned  discussion  of  the  merit  of  "  Vailes'  submerged  and 
feathering  endless  chain  propeller."  The  conclusion  arrived  at  was,  that  the 
general  principle  of  the  invention  was  excellent.  As  to  points  of  detail  some 
members  pointed  out  the  necessity  of  modification,  but  it  was  admitted  that  a 
practical  application  of  the  scheme  might  prove  that  even  these  objections  were 
not  maintainable. 

It  was  stated  that  a  model  of  Mr.  Vailes'  propeller,  on  a  rather  large  scale, 
might  be  seen  at  22,  Basinghall-street. 

Mr.  Newton,  at  the  close  of  the  discussion,  referred  in  a  very  feeling  manner 
to  the  painful  position  in  which  a  series  of  accidents  had  placed  Mr.  Robert 
Armstrong,  C.E.  He  rejoiced  to  think  that  their  own  Society  endeavoured  to 
raise  a  fund  for  the  purpose  of  meeting  such  cases  as  that  he  had  just  name  d, 
and  he  was  sure  that  his  fellow  members  would  sympathise  with  Mr.  Armstrong. 
The  result  was  that  Mr.  Newton  was  requested  to  draw  up  a  subscription  paper 
to  be  laid  on  the  table  at  the  July  meeting. 


BOOKS   RECEIVED. 


Lessons  and  Practical  Notes  on  Steam,  the  Steam.  Enqiuc,  Propellers,  Sfc. 
By  the  late  W.  H.  King,  U.S.N.,  revised  by  J.  W.  King,  Chief  Engineer 
U.S.N.  Fourth  edition,  enlarged.  New  York :  D.  Van  Nostrand,  192, 
Broadway.    London  :  Trubner  and  Co.,  Paternoster  Row,  1863. 


Results  of  an  Experimental  Enquiry  into  the  Tensile  Strength  and  other  Pro- 
perties of  various  kinds  of  Wrought  Iron  and  Steel.  By  David  Kirkaldt 
Illustrated  by  numerous  plates  and  diagrams.  Second  edition.  Glasgow 
Sold  by  the  author  at  4,  Corunna-street.  London  :  Hamilton,  Adams  °and 
Co.,  Simpkin,  Marshall  and  Co.,  Charles  Griffin  and  Co. 


RECENT    LEGAL    DECISIONS 

AFFECTING  THE  ARTS,  MANUFACTURES,  INVENTIONS,  &c. 

Undeb  this  heading  we  propose  giving  a  succinct  summary  of  such  decisions  and  other 
proceedings  of  the  Courts  of  Law,  during  the  preceding  month,  as  may  have  a  distinct 
and  practical  bearing  on  the  various  departments  treated  of  in  our  Journal :  selecting 
those  cases  only  which  offer  some  point  either  of  novelty,  or  of  useful  application  to  the 
manufacturer,  the  inventor,  or  the  usually— in  the  intelligence  of  law  matters,  at  least 
—less  experienced  artizan.  With  this  object  in  view,  we  shall  endeavour,  as  much  as 
possible,  to  divest  our  remarks  of  all  legal  technicalities,  and  to  present  the  substance 
of  those  decisions  to  our  readers  in  a  plain,  familiar,  and  intelligible  shape. 


Schiele  v.  BEAKELL.-The  plaintiff  moved  for  an  injunction  to  restrain  the  defendant 
iromrcce,™^  vetaunn,  or  opening  any  letters  or  letter  addressed  C.  Schiele,  or  S 
and  Co.,  C,  Schiele  and  Co.,  Piatt  and  Schiele,  or  otherwise  addressed  to  the  plaintiff 
Christian  Schiele,  or  the  plaintiffs  said  firm  of  C.  Schiele  and  Co.,  and'  from  S 
themselves  of  these  letters  for  their  own  benefit.  The  bill  alleged  that  the  plamtiftf  1  ad 
carried  on  business  as  engineers  and  ironfounders  at  North  Moor,  Oldham  from 1851  till 
the  autumn  of  1852  under  the  style  of  C.  Schiele  and  Co.  The  plaintiffs werethe on ly 
K£m£  L  vK;  5th  P°Ten*er  1856,  when  F.  Schiele  joined  them,  when  the  fi,n  became 
Christ  an  Schiele  and  Co  On  the  1st  July,  1859,  F.  Schiele  retired.  The  business S 
consisted  in  the  manufacture  and  sale  of  articles  for  which  Christia sS  ha  oh- 
fffSJlE?*1  1°T  ™e  fUce  the  Plaintifft  determined  to  confine  their  business  to 
the  sale  of  the  patented  machines,  and  to  grant  licences  for  the  use  thereof  In  the 
later  part  o  8o9,  the  plaintiffs  agreed  with  the  defendants  to  let  them  the  premises 
S&J5  ffStf,UcT?s,2,r.the  m^ufaeture  of  parts  of  the  patented  machines  PThS  Ml 
alleged  that  the  plaintiffs'  names  were  well  known  in  the  trade,  and  they  had  extensive 
connections.  On  the  1st  September,  1859,  a  formal  deed  contain  n-  the  terms  ottb, 
agreemen  was  executed.  The  bill  alleged  that  the  plaintiffs  had  1 cove red  t ho  the  de- 
fendant had  rece.ved  numerous  letters  intended  tor  the  plaintiffTand  had  exeeu  ed 
nS n^v  EF! J.',!,  hT''  >'ttesVvl»fh>  "  submitted,  referred  to  the  plaintiffs'  Pa  en 

or  moisture'  from iSS Z  tSf„™^?^nBI7^d  al'Paratus  for  expressing  liquid 
original  ,-n,„i,i„:„i  i-  ,  rt'i01  SSe  ?,?  oonsisHng,  as  was  alleged,' of  a  new  and 
existing  had  been  SfifitaSS^^S^ZSSSr^TM*  Pat™ts  either  expired  or 
Filter  Press,"  and  ha  I  1?«m ,„  , '"  a  JSifiS?*  T* l,,ne  Wa-S  $nown  as  the  Pat™t 
defendent,  who  was  1  «!  „2™  f?11'6  exctcnt>  esPecjally  in  breweries.  The 
press  for  Messrs.  Thori  c  brewers^nd  for  oH T"6'  £"■■£&  had  constructed  a  yeast 
brewery  had  l,,c„  j„s,,  etc") 7. t™'r  »Win«nS  -l,  ^rtle8,  Th°  Kast  press  at  T»<»™'s 
l  ccuu  oy  tne  plaintiffs,  who  thereupon  came  to  the  conclusion  that 


■the  defendant  had  pirated  their  invention,  and  accordingly  filed  their  bill  in. this  court  to 
obtain  relief.  A  jury  had  been  summoned  to  determine  the  questions  of  validity  of 
patent  and  infringement,  and  the  issues  were  in  substance  as  follows  : — 1,  validity  of  the 
patent  of  the  plaintiffs,  having  regard  to  the  specification ;  2,  novelty  of  invention ;  3, 
infringement  by  the  defendant.  The  trial  of  these  issues  occupied  three  whole  days,  and 
the  witnesses,  including  several  gentlemen  of  great  scientific  and  engineering  eminence, 
were  numerous  on  both  sides.  The  evidence  was,  however,  of  too  technical  a  character 
to  be  given  in  detail.  The  defence  was  in  substance  as  follows : — That  the  provisional 
specification  filed  by  the  plaintiffs  omitted  several  essential  portions  of  the  invention, 
and  was  materially  different  from  the  complete  specification  filed  six  mouths  later  in 
accordance  with  the  patent  laws ;  that  the  patent  was  bad  for  want  of  novelty,  being 
merely  an  adaptation,  with  slight  and  immaterial  differences,  of  processes  already  known 
and  in  use ;  and  lastly,  that  the  defendant,  by  using  parts  included  in  the  plaintiffs  com- 
bination which  had  been  used,  known,  and  published  before,  and  by  superadding  several 
improvements  of  his  own,  so  as  to  form  a  new  combination,  had  not  infringed  the 
plaintiffs  patent.  The  Vice-Chancellor,  in  summing  up,  observed  upon  the  first  issue 
that  it  was  not  necessary  that  the  invention  should  have  been  perfected  in  all  its  details 
at  the  time  when  the  provisional  specification  was  filed.  It  must,  no  doubt,  have  been 
invented  in  the  mind  of  the  patentee.  He  must  have  made  the  discovery  then,  although 
the  means  of  perfecting  the  discovery  and  making  it  available  might  not  have  been  at 
that  time  completed.  A  distinction  was  drawn  in  the  recent  Patent  Act  between  the 
two  specifications,  the  purpose  of  the  provisional  being  to  describe  the  nature  of  the  in- 
vention, while  the  complete  specification  six  months  later  must  particularly  ascertain  and 
describe  the  nature  of  the  invention,  and,  also,  in  what  manner  the  same  shall  be  per- 
formed. The  onus  was  not  altogether  upon  the  plaintiff's  of  showing  that  they  had 
really  invented  that  which  they  professed  to  have  invented  at  the  date  of  the  provisional 
specification;  but  rather  the  jury  must  be  satisfied  that  the  plaintiffs  had  nothing  of  the 
kind  in  their  minds  at  that  time.  If  they  came  to  this  conclusion,  then  the  verdict  must 
be  for  the  defendant  upon  the  first  issue.  Upon  the  second  question— as  to  novelty — it 
was  for  the  defendant  to  make  out  that  the  plaintiffs  invention  had  been  anticipated. 
Large  sums  had  been  paid  for  the  plaintiffs'  machines,  and  all  the  scientific  witnesses, 
even  those  of  the  defendants,  agreed  that  until  the  plaintiffs  invention  had  been  brought 
into  use  they  had  seen  nothing  like  it,  altnough  Billiter's  and  other  patents  had  been 
taken  out  several  years  before  that  of  the  plaintiffs'.  It  had  been  said  that  the  slight- 
ness  of  change  was  such  that  the  plaintffs  ought  not  to  obtain  the  monopoly  of  a  patent 
to  the  exclusion  of  others.  But  the  real  question  was,  whether  the  invention  had  been 
largely  and  practically  useful;  and  he  confessed  that  he  thought  there  was  a  great 
amount  of  evidence  in  favour  of  the  plaintiff's  case  in  this  respect.  As  to  infringement 
by  the  defendant,  he  was  not  entitled  to  take  the  combination  of  the  plaintiffs,  even  up 
to  a  certain  point  only,  and  then  add  additions  or  improvements  of  his  own.  That,  he 
was  bound  to  tell  them,  would  be  an  infringement,  and  it  was  for  them  to  consider  upon 
the  evidence  how  far  the  defendant  had  taken  the  plaintiffs'  combination,  merely  making 
some  additions  ;  or  whether  he  had,  on  the  other  hand,  substituted  an  entirely  different 
combination,  in  which  ease  he  would  not  have  infringed  the  plaintiffs'  patent.  The 
jury,  after  less  than  half  an  hour's  deliberation,  returned  a  verdict  for  the  plaintiffs  upon 
all  the  issues. 

Damages  against  Railway  Furnaces. — A  case  was  recently  tried  at  the  Jury  Court, 
Edinburgh,  before  Lord  Bareaple,  in  which  Messrs.  Cooper  and  Wood,  bottle  manufac- 
turers, Portobello,  claimed  £1000  damages  against  the  North  British  Railway  Company 
for  injury  sustained  by  the  house  and  grounds  of  Baileyfield,  Portobello  (of  which  the 
pursuers  are  proprietors)  from  smoke,  dust,  and  gases  discharged  from  the  defender's 
works  for  converting  and  hardening  iron  rails.  The  works  in  question  were  erected  about 
three  years  ago  on  a  narrow  strip  of  ground  left  vacant  between  a  curve  formed  for  the 
improvement  of  the  Leith  and  Portobello  branch  line  and  the  original  railway  track,  and 
they  were  separated  from  Baileyfield  only  by  the  railway  line  and  the  Leith  and  Dalkeith 
road  running  alongside.  The  pursuers  alleged  that  clouds  of  smoke  and  dust,  as  also 
deleterious  gases,  were  constantly  thrown  out  in  large  quantities  from  fourteen  low 
chimneys,  rendering  the  residence  at  Baileyfield  unhealthy  and  unsafe,  or,  at  least, 
uncomfortable,  and  drying  up  and  wasting  the  trees,  shrubs,  and  vegetation.  It  was 
accordingly  put  in  issue  whether  the  house  and  grounds  of  Baileyfield  were  deteriorated 
by  the  defenders'  works,  and  the  comfort  of  the  occupation  impaired,  to  the  nuisance  of 
the  pursuers  and  their  loss,  injury,  and  damage.  A  large  number  of  scientific  witnesses, 
including  chemists,  medical  practitioners,  architects,  and  horticulturists,  were  examined 
on  both  sides.  The  evidence  was  to  a  very  great  extent  conflicting,  but  it  seemed  to  be 
proved  that  the  vegetation  had,  since  the  erection  of  the  furnaces,  been  considerably 
injured,  and  that  the  comfort  of  the  occupation  had  been  interfered  with.  The  jury  were 
divided  in  opinion,  but  by  a  majority  of  nine  to  three  they  found  for  the  pursuers,  with 
£200  damages. 
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OUR  "NOTES  AND  NOVELTIES"  DEPARTMENT— A  SUGGESTION  TO  OUR 
READERS. 
We  have  received  many  letters  from  correspondents,  both  at  home  and  abroad,  thanking 
us  for  that  portion  of  this  Journal  in  which,  under  the  title  of  "Notes  and  Novelties," 
we  present  our  readers  with  an  epitome  of  such  of  the  "  events  of  the  month  preceding" 
as  may  in  some  way  affect  their  interests,  so  far  as  their  interests  are  connected  with 
any  of  the  subjects  upon  which  this  Journal  treats.  This  epitome,  in  its  preparation, 
necessitates  the  expenditure  of  much  time  and  labour ;  and  as  we  desire  to  make  it  as 
perfect  as  possible,  more  especially  with  a  view  of  benefiting  those  of  our  engineering 
brethren  who  reside  abroad,  we  venture  to  make  a  suggestion  to  our  subscribers,  from 
which,  if  acted  upon,  we  shall  derive  considerable  assistance.  It  is  to  the  effect  that  we 
shall  be  happy  to  receive  local  news  of  interest  from  all  who  have  the  leisure  to  collect 
and  forward  it  to  us.  Those  who  cannot  afford  the  time  to  do  this  would  greatly  assist 
our  efforts  by  sending  us  looal  newspapers  containing  articles  on,  or  notices  of,  any  facts 
connected  with  Railways,  Telegraphs,  Harbours,  Docks,  Canals,  Bridges,  Military 
Engineering,  Marine  Engineering,  Shipbuilding,  Boilers,  Furnaces,  Smoke  Prevention, 
Chemistry  as  applied  to  the  Industrial  Arts,  Gas  aud  Water  Works,  Mining,  Metal- 
lurgy, &e.  To  save  time,  all  communications  for  this  department  should  be  addressed 
"  19,  Salisbury-street,  Adelphi,  London,  W.C."  and  be  forwarded,  as  early  in  the  month 
as  possible,  to  the  Editor. 


MISCELLANEOUS. 

Newcastle  and  Welsh  Coal  fob  Steam- Vessbls.— The  Northumberland  Colliery 
propnetors  have  presented  a  memorial  to  the  Lords  Commissioners  of  the  Admiralty 
with  a  view  to  secure  the  adoption  of  a  mixture  of  South  Wales  and  North  Country  coal 
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in  the  navy.  They  have  made  trial  of  various  methods  of  obviating  this  objection;  and, 
amongst  others,  have  ascertained  that  when  burned  in  company  with  the  steam  coal  of 
Wales,  in  equal  portions,  or  even  with  one-third  of  the  quantity  composed  of  Welsh  coal, 
no  smoke  is  emitted.  In  forwarding  the  memorial  to  their  lordships,  Mr.  W,  S.  Lindsay 
observed — "  Though  I  have  no  interest,  directly  or  indirectly,  in  any  of  the  coal  mines, 
yet  I  consume  a  considerable  quantity  of  coal  in  my  steam-ships,  and  my  firm  are  large 
shippers  of  coal  for  the  use,  at  distant  stations,  of  the  Peninsular  and  Oriental,  and  other 
large  steam-shipping  companies.  I  can,  therefore,  state  from  my  own  knowledge,  that 
Xorth  and  Welsh  coals  mixed  are  used  to  a  very  large  amount,  and  are  also  found  to 
answer  the  purpose  named  in  the  memorial.  I  may  further  add,  for  the  information  of 
the  Lords  Commissioners  of  the  Admiralty,  that  in  the  tenders  for  the  Peninsular  and 
Oriental  Company  the  proportions— two-thirds  of  Xorth  of  England  coals  and  one-third 
of  South-Wales.  '  The  coals  from  South- Wales,  though  in  use  at  the  Mediterranean 
stations,  are  not  used  by  that  company  at  any  of  their  stations  in  the  East  Indies  or  in 
China,  on  account  of  their  rapid  deterioration  when  stored."  In  reply  to  this,  Mr.  W.  G. 
Romaine  writes,  "  that  he  has  been  commanded  by  the  Lords  Commissioners  of  the  Ad- 
miralty to  acquaint  you  that  they  have  ordered  experiments  to  be  made  on  board  several 
small  steam-vessete'  at  home  parts,  to  ascertain  the  practical  results  of  using  Xorth 
Country  coal  in  combination  of  Welsh  coal." 

Shipping. — A  parliamentary  return  has  been  issued  exhibiting  the  number  and  ton- 
nage of  vessels  employed  in  the  trade  of  the  United  Kingdom  in  the  year  1862.  The 
Bumber  of  British  vessels  entered  "inwards"  was  29,554  and  the  tonnage  7,856,639;  and 
the  foreign  vessels  were  25,906  in  number,  and  the  tonnage  5,234,451.  The  vessels  cleared 
"outwards"  were  — British:  29,530  of  8,090,221  tonnage;  and  the  foreign  vessels  were 
26,679  in  number,  of  5,354,128  tonnage.  The  return  also  shows  that  during  the  year  the 
number  of  vessels  built  in  the  United  Kingdom  and  British  possessions  was  1215  of  tim- 
ber, of  231,808  tonnage;  and  of  iron,  63,  of  l",5:it;  tonnage.  The  steam  vessels  of  timber 
were  46  in  number,  of  2387  tons;  and  of  iron,  15-s,  of  66,082  tons.  The  number  of  vessels 
wrecked  in  the  year,  belonging  to  the  United  Kingdom,  were— sailing  vessels,  638,  of 
151. 7i'>i  tons  ;  and  steam  vessels,  36,  of  17,468  tuns.  The  number  of  vessels  registered  in 
the  L'nited  Kingdom  a>  new  ships,  during  the  year,  was,  of  timber,  sailing  vessels,  991,  of 
228.37H  tons ;  and  of  steamers  40,  of  1016  tons.  The  iron  sailing  vessels  were  70  in  num- 
ber, of  44,017  tons;  and  the  steam  ships  184,  of  a  tonnage  ,,i  77 

Experiments  with  Petkoliuji. — At  a  recent  meeting  of  the  Liverpool  Dock  Board, 
a  report  of  the  Marine  Surveyor  on  some  experiments  made  with  petroleum  was  read. 
From  '  >red  that  the  oil  burned  for  ten  minutes,  giving; a  good  flame,  when  an 

explosion  took  place,  blowing  the  lamp  to  pieces.  The  lamp  used  was  the  ordinary 
lighthouse  lamp,  as  at  present  in  use,  and  the  explosion  is  partly  to  be  attributed  to  the 
fact  that  the  lamp  in  question  was  unsuited  tor  the  description  of  oil  to  which  it  was 
applied ;  but  partly  also,  to  neglect  of  testing  the  oil,  and  the  use  of  too  volatile  a 
quality  of  it.  The  degree  of  heat,  however,  may  be  so  great  as  to  render  all  such  oils 
improper  for  such  a  purpose. 

Tnp  PuwuiUL  Hypbaoxic  Pbsss  (or  bending  armour  plates,  manufactured  by  M 

rood,   BaiUie,  and  Co.,  for  Her  Majesty's  dockyard  at    Pembroke,   underwent  an 
official  trial  on  tic  9th  nit.     The  press  is  a  duplicate  of  the  one  erected  a  few  weel 
in  Woolwich  dockyard.    Two  plates  of  4-iin.  and  one  of  3in.  in  thickness  were  placed  on 
the  ram  cold,  and  were  subjected  to  a  pressure  of  461  cwt.  per  circular  inch  of  the  rani, 
which  !  Ingthegreati  tained  by  any 

machinery.    All  the  joints  of  the  .pomps  and]  ly  tight.    The  plates  bcnl 

were  8ft.  Sin,  wide,  and  were  curved  IJin.  in  the  width.    Two  plat<  ..thick 

and  one  :;in.  thick,  were  then  tome. 1  over  and  placed  in  the  press  with  the  l'.in.  curved 
side  downwards,  and  by  working  tile  pre--  up  to  21  Owt.  per  circular  inch,  or  !iiii  • 
the  ram,  the  plates  were  bent  2)in. — viz..  from  i;  hollow  to  1)  round  in  the  width.     The 

same  linn  arc  manufaiturin-.-  three  -imilar  pr s  for  the  Russian  Government,  and  also 

the  huu'e  iron  rudder,  to  weigh  13  tons,  for  Her  ate  1    ir..u  steam  ship  Achillea, 

«o79tou-,  building  at  Chatham. 

s-n  v:  'i  i  1  mi-it-. — It  appears  that  these  instruments  are  the  inventii  D    I  phom, 

of  15, ,  1,  ut  a  year  ago  he  obtained  the  use  of  two  loo 

of  an  experimental  talk  b  tne  inventor  had  attached 

several  contrivances  to  the  whistle  in  f  bells,  trombones,  and  clarionets,  and 

by  means  of  the»e  he  was  enabled  to  represent  the  alphabet  by  very  diSerenl 

sounds.    He  found  thai  by  their  means  1 old  convey  a  message  to  a  distance  ol 

which  could  be  heard  and  undei  mid  the  more  immediate  sounds  pro- 

duced'by  the  movement  of  a  railway  train.  The  doctor  ha  ,iti«  said,  found  it  possible, 
by  the  simple  trumpet,  to  transmit  any  message,  however  long  or  complicated,  the  dis- 

Kiii.w-Av  Tbaviluxo.— Dr.  W,  Lewi  ,  the  medical  officer  of  the  -  ..nice, 

following COnClu  ions  Iron 

•Thai  railway  travelling 
has  little, 'if  any,  injurious  effect  on  healthy,  strong,  well-bulll  person-,  if  the  amount 
be  not  excessive,  and  if  they  take  moderate  care  ol 

to  habitual  railway  travelling  after  the  age  of  twonty-flve  or  thirty  are 
■fleeted  than  those  who  begin  earlier,  and  that  the  more  advanced  in  agi  a  traveller  is 
the  more  easily  is  h  icomotton.    Weak,  tall,  lo  persons, 

ami  tlio-e  suffering  ■',  heart,ann 

1  ir  habitual  railway  travelling. 

!„,,-.  From  experiments  condi  byM-leGi  id  thai 

of  wooll'ram  are  far  superior  to  those  of  the  ordi- 
nary kind;  the  principal  advantage  conferred  I  1  tldty. 

The  Mk.m-toi  out  11  in  ■■  me  further  1  be  rao- 

grsss  ol     1  the  committee  of  the  Trinity  il  Ilea  it, 

have  bacn  printed  b*    Trier  of  tin-  Hon.-  of  Commons,    in  one,  dated  April  (HI 
ll„.  .,.  retar  ""■'  of 

nine  months  -.  and  during  thai  time  has,  with  some  bricl  1 

to  v.  a.  -rt  of  thr.utl' 

ceding  power  and  intensity,  which  Mr.   Faraday,  wl 

ing  light  at  Gi  1  nez,  witl     wlii   li,  11 
powei  '  '   dipotrii    I 

repor; 

0 1  ii,e  boili  1  nired  repair,  <  lusiiig  a  . 

the  i;i  ' 

tinder  the  cha 
abllil 

had 

to  tie 

tliroi.      rhi    0    hi 

to  lo,  d  haze.    The  Trinity  Hou 
the  light  In  1 

lights  tin  ■  ■ 


NAVAL  ENGINEERING. 

The  "  OELixno,"  46,  Captain  G.  G.  Randolph,  was  put  out  of  dock  at  Chatham  on 
the  4th  ult.,  after  having  undergone  very  extensive  repairs.  In  order  to  strengthen 
her  stern  two  iron  plates,  each  weighing  five  tons,  have  been  fixecf  under  her 
quarters,  aud  strong  iron  knees  and  bracings,  and  to  those  parts  of  her  keel  and  sides 
which  gave  indication  of  weakness  when  her  powerful  engines  of  1000  horse  power  were 
at  full  speed.  The  immense  weight  of  metal  put  on  her  stern  only  brought  her  down  half 
an  inch.  After  she  has  shipped  her  trims  and  powder,  she  will  proceed  to  join 
the  Xorth  American  squadron. 

The  "  Resistaxce,"  10,  screw  iron  frigate,  in  Xo.  10  dock  at  Portsmouth,  has  been 
officially  examined  and  reported  upon  by  the  .Master  Shipwright  and  his  stall'  relative  to 
the  condition  of  her  bottom  plates,  which  when  the  ship  was  last  in  dock  were  coal 
opposite  sides  with  the  composition  of  Mr.  Hay,  the  ehymical  assistant  at  Portsmouth 
dockyard,  and  that  of  Messrs.  l'eacock  and  Buchan,  as  applied  to  the  bottoms  of  steam- 
ships of  the  Peninsular  and  Oriental  Company.  The  ship  has  since  then  been  afloat  less 
than  seven  months,  and,  considering  the  time,  both  sides  of  her  bottom  are  foul;  one, 
however,  is  much  more  so  than  the  other,  and  is  also  more  covered  with  barnacles.  The 
starboard  side  has  long  grass  in  the  wash  of  the  waterway  at  the  bow  and  quarter,  and 
the  remainder  of  that  side  at  the  bottom  is  studded  with  small  tufts  of  grass  averaging 
one  inch  in  length,  and  from  three  to  four  inches  apart.  There  arc  also  a  lew  patch 
barnacles  where  the  composition  has  been  disturbed,  but  in  very  few  other  places  ;  and 
there  are  very  few  spots  of  corrosion.  The  port  side  has  the  same  description  and  length 
of  grass  at  the  bow  and  quarter,  and  the  same  description  of  short  t tilts  ofgraf 
at  about  the  same  intervals,  but  it  has  more  adhesive  matter  altogether  on  the  opposite 
side.  The  surface  of  the  composition  from  the  keel  to  the  bilge  plate  amidships  is  thickly 
studded  with  barnacles.  This  having  been  the  working  anchor's  side,  there  is  the  usual 
amount  of  corrosion  to  be  seen  on  the  bow  from  the  abrasion  of  the  composition  by  the 
chain  cable,  which  must  always  attend  the  use  of  copper  anti-fouliug  compositions  on  the 
bottom  of  iron  ships. 

Tim:  IC-k,  20-grm  screw  corvette,  made  her  official  trial  of  speed  at  the  measured  mile 
in  Stokes  flay,  on  the  l^tli  nit.  She  drew  16ft.  tin.  of  water  forward,  and  18ft,  2in.  aft.; 
was  complete  in  stores  Of  all  kinds  for  sea,  and  had  27o  ton-  of  eoal  011  board.  Six  runs 
at  'he  measured  mile  with  full  boiler  power  gave  results  consecutively  as  follows  :— 
10*316,  s  181,  10746,  8,  10*975,  anil  7's7*i  knots.  The  maximum  revolutions  of  the  engines 
INS!  'is,  with  a  201b.  pressure  of  steam  ami  24  inches  vacuum,   M  l'h 

half-boiler  power  lour  runs  were  made  at  the  mile,  the  sp 1  in   each  case   b 

7*498,  8*638,  and  ti'977  knots,  the  mean  sped  ol  the  ship  during  the  four  runs  being  8X3 

knots.    To  test  the  engines  they  were  stopped  in  seven  seconds  from  the  time  id'  mi 
the  telegraph,  were  started  ahead  under  the  same  conditions,  iii  10  seconds,  and  were 

moved  astern  in  1-;  seconds.  The  screw  the  I'.sl;  is  now  using  i-  a  common  or  Admiralty 
pattern,  having  a  diameter  of  12  feet,  a  pitch  of  9  feet  s  inches,  and  a  length  Of  '<  feet. 

Tni:  "Cossack,"  20-gun  screw  steam  corvette,  1290  tons,  260-horse  power,  made  her 
official  trial  of  speed  at  the  measured  mile  off  Maplin  Bands  on  the  18th  ult.,  prior  to 

leaving  lor  the  Mediterranean.  Six  runs  at  full  speed,  with  full  boiler  power,  were  made 
on  the  mile,  which  gave  an  average  Of  9*055  per  hour,  the  pressure  of  steam  being  201b.; 
vacuum,  25  ;  revelations  of  engines  at  full  boiler  power,  90;  at  half-power,  56.  two 
runs  were  made  at  half  boiler  power,  giving  an  average  of  5*946  knots  per  hour.    The 

was  turned  with  helm  to  port  in  B  mill.  29  see.,  and  with  helm  lo  starboard  in  it 
mill.  12  see.  The  Couack  is  lilted  with  Smith's  propeller;  diameter,  18ft.  1  in.  ;  pitch, 
I6in.,  and  the  immersion  of  -crew  was  2ft.  9  a.  At  the  time  of  the  trial  the  drought  of 
water  was  171';.  Tin.  forward,  and  17ft.  Sin.  alt.     'file  engines  arc  from   the  eminent   linn 

of  Maudslay,  sou,  and  Field. 

'fin.  Ikon-ci.u>  Fbioah  "Boyax  Oak.— The  performance  of  this  vessel  in  the  run 
from  Chatham  to  Spitnesd  is  described  as  being  in  the  highest  d  After 

leaving  the  Nore,  ail  the  fires  were  lighted,  and  the  vessel  was  put  at  full  speed,  n 

ling  a  siiom."  head  wind  (1  ind  a  heavy  soiling  sen,  the  iron 

attained  a  speed  of  11  knotsian  hour,  and  that  tooageinsl  astro 

tearing  quoli  client.    Although  the  sea  broke  completely 

over  her  how- in  the  run  down  channel,  she   exhibi  any  pitching  or   rolling. 

itilation  of  the  ship  {rives  the  mi  satisfa  rtion,  theeng 

with  the  alt  and  forward    I  having  remained  very  cool,    l'he  otlieial  trial-ol  this, 

■  ol  tiie  converted  and  fully  armoured  frigates,  commenced  011  the  loth  ult.,  at  the 
The  engines  of  tin-  ship  arc  of  SOOthone  power,  nominal, 
by  Messrs.  Maudslay,  field,  and  Son,  andarefrom  tie  -.  with  the  . 

tionof  -ome  minor  improvements  in  their  detail,  a-  those  of  Her  Majesty's  shin   '. 
borough.      They     ore    or.    the     horizontal    principle,    with      direct     action,    and 
cylinders  of  321*0.  diameter  with  ■   1ft.  lengl  I  tte  surface  i-  665 

■qaan  md  Hue  isiM  feet,  and  the  hi 

of  tin'  nib,  I  iirlit   of  the  anginas  is   Is,;   ton-,  of 

boiler*  206  tons,  am  In  boilers  when  filled   ll->  tons.     The  eoal  boxes  I, 

onsurnption. 
iffittui,  woighl  II  CWt.     It  is   tOft.  in  diameter, 

with  0  '•'.  lo'.in..  an  I  pitch  down 

to  22ft„  but  ti 

1  in.-,  in  tin-  following  tli  French  Imp 

iwlng  are  I  in  'rial  at  full  lei. 

'reastire 

turn. 


No.  01 

Hun. 

mm.     sec. 

Ship  u    ' 

1 

6(1 

1    66 

1 

I     «i 

1     n 

U  ■ 

1 

III 

.".     .' 

II  0 

-.     . 

1    80 

11  1  . 

nil  round,  and  tin   means  who  h 
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3min.  42sec. 
7min.  27see. 


31 

3min.  43see. 
7min.  SOsec. 


ship's  boiler  power),  and  two  circles  afterwards  with  the  same  power.  The  runs  were 
made  as  follows :-     ^^  Speed  of    Revolutions      Pressure    Vacuum, 

Buns.       min.  sec.  Ship.       of  Engines,    ot  Steam. 

1  8      19  7-214  354  22  24 

2  7      43  7775  40*  22  23 

3  6      49  8-801  374  19  24^ 
I             8      26           7-114              384                  22                23 

5  6      46  8-867  39  22  24 

6  8      43  6-883  38  22  24 

Mean  speed  of  the  six  runs,  7.979  knots.  The  circles  were  made  under  the  same  con- 
ditions of  power,  and  yielded  the  following  results :-  ^^    ^  ^  ^ 

Time  occupied  in  getting  up  the  helm  47sec  3,0QSie,- 

Angle  of  rudder  26deg. 

Turns  of  wheel  . 

Time  occupied  in  making  half  circle 

Ditto  full  circle 

Revolutions  of  engines  previous  to  putting  I  3?  37 

up  the  helm  i 

Revolutions  afterwards  35  34-js 

Men  at  the  wheel  7  8 

The  diameter  of  the  circles  were  little  over  twice  the  ship's  length.  The  Royal 
Oak  resumed  and  concluded  her  trials  on  the  17th  ult.  The  following  is  the  result  of  the 
trial  with  four  boilers,  or  two-thirds  of  the  ship's  power :— 

1st  circle    2d  circle    Circle  to 
to  port,     to  port,    starboard. 
Time  occupied  in  getting  up  the  helm    1'    0"        1'  25"        1'  32" 
Angle  pf  rudder  25°  28°  26 

Turns  of  wheel  35  3j  „}*-„,, 

Time  occupied  in  making  half  circle         3'    7"        2   5S  2   58 

Ditto  full  ditto  6'  21"        6'    6"        5'  44'.' 

Revolutions  of  engines  before  helm  was  up     48  52  50 

Ditto  after  ditto  43  47  43 

Men  at  wheel  6  6  6 

These  three  circles  being  considered  a  sufficient  test  of  the  ship's  steering  power  under 
two-thirds  force  of  her  boilers,  the  ship  was  steered  in  for  Spithead,  and  placed  on  the 
trial  ground  in  Stokes  Bay,  to  make  four  runs  at  the  mile  with  the  same  amount  ot  boiler 
power.    The  results  of  the  four  runs  were  thus . — 


No.  of  run    m_  fi_ 

ship. 

of  engines. 

of  steam. 

Vaeuu 

1             4    51 

12-371 

5H 

23 

24 

2             6      0 

10-000 

53 

23 

234 

3             4    53 

12-287 

51 

23 

24 

4              6      8 

9-783 

52 

23 

24 

Mean  speed  of  the  ship  at  two-thirds  power,  11'126  knots. 
Steam  was  next  got  up  in  the  remaining  two  boilers,  and  two  circles  made  with  the  ship's 
full  boiler  power:— 

First  circle       Second  to 
to  port.  starboard. 

Time  occupied  in  getting  up  the  helm      1'  30"  1'  31" 

Angle  of  rudder  264°  22° 

Turns  of  wheel  Si  3 

Time  occupied  in  making  half  circle  2'  47"  2'  47" 

Ditto  full  circle  5'  27"  5'  234" 

Revolutions  of  engines  before  helm  was  up       62  60 

Ditto  after  ditto  55  53 

Men  at  wheel  6  6 

With  the  exception  of  testing  the  facility  with  which  the  machinery  could  be  worked  in 
answer  to  the  engine-room  telegraph,  the  ship's  official  trials  were  now  concluded,  and 
these  closing  tests  gave  their  returns  as  follows ; — Engines  stopped  dead,  from  time  oi 
moving  telegraph  handle,  in  55  sec. ;  engines  working  astern  at  full  speed  from  rest,  ditto, 
in  18  bcc;  engines  from  full  speed  astern  to  full  spead  ahead,  from  ditto,  in  13  sec.  The 
indicated  horse  power  of  the  Royal  Oak  on  her  full  boiler  power  trial  of  speed  at  the 
measured  mile,  was  3704  horses,  and  on  her  four  boiler  power  trial  (two-thirds  of  her 
boiler  power),  2298  horses.  It  is  a  remarkable  fact  that  the  Royal  Oak's  trial  of  speed  at 
Portsmouth,  with  all  her  guns,  stores,  provisions,  &c,  on  board, — in  fact,  ready  for  sea, 
should  have  exceeded  in  speed  that  obtained  in  her  light-draught  full-power  trial  off  the 
Maplin  Sands,  yet  such  is  the  case.  At  Portsmouth  she  drew  23ft.  8in.  forward,  and  25ft. 
7in.  aft.  Off  the  Maplin  Sands  she  drew  only  20ft.  4in.  forward,  and  23ft.  lin.  aft.  This 
gives  a  difference  of  about  900  tons  in  the  ship's  displacement,  and  yet  a  greater  speed 
was  obtained  by  the  assistance  only  of  a  few  pounds  of  steam. 

Trial  or  the  "  Rolf  Krake,"  a  Danish  Cupola  Armour  Clad. — This  new  Cupola 
screw  armour  clad  man-of-war,  built  by  Messrs.  R.Napier  &  Sons,  Glasgow,  for  the  Danish 
Navy,  recently  underwent  her  trial  trip,  which  was  in  every  way  satisfactory.  The  Rolf 
Krake  is  of  peculiar  construction,  being  low  in  the  water,  and  of  considerably  greater 
breadth  than  is  usual  for  vessels  of  her  length.  She  is  built  from  plans  approved  by 
Captain  C.  P.  Coles.  Her  length  is  185ft. ;  breadth  33ft. ;  depth  144ft. ;  tonnage  1246  tons. 
Her  engines  are  of  240  horse  power.  She  is  only  some  5ft,  above  the  water  line,  with 
bulwarks  to  fold  down  in  action,  and  she  displays  two  revolving  cupolas  rising  44ft.  above 
the  deck,  and  21ft.  in  diameter.  She  is  armour  plated  from  stem  to  stern,  the  plates 
being  41-in.  in  thickness,  and  increasing  to  7iin.  at  the  port  holes,  with  the  addition  of 
9in  of  leak  lining  inside.  Her  armament  will  be  four  68  pounders,  two  in  each  tower 
worked  from  the  inside.  The  deck  is  entirely  clear  of  obstruction,  except  the  funnel  and 
a  small  fixed  tower  aft  for  steering  the  vessel. 

Trial  or  the  "  Columbine." — The  screw  steam  gun  vessel  Columbine,  4  guns,  669  tons, 
for  service  in  the  Channel  Fleet,  has  undergone  the  official  trial  of  her  engines  at  the 
measured  mile  off  Maplin  Sands.  The  vessel  made  six  runs  at  full  speed  on  the  measured 
mile.  The  following  were  the  results :— Average  speed  9-504  knots  per  hour,  revolutions 
of  engines  mammwm  107,  mean  103  5,  pressure  of  steam  231b.,  vacuum  23.  Four  runs 
were  made  at  half-boiler  power,  with  an  average  speed  of  7-541  knots  per  hour,  the  revo- 
lut  ions  of  engines  being  maximum  88,  mean  80-0,  vacuum  25,  pressure  of  steam  20.  The 
Columbine  is  fitted  with  direct  action  horizontal  engines  of  150  nominal  and  600  indicated 
horse-power.  She  has  a  Griffith's  screw,  the  pitch  of  which  is  13ft.,  and  the  diameter 
Kilt  ,  supplied  by  the  Greenock  Foundry  Company.     During  the  trial  the  machinery 


.,.    .  -,  ■"->  "■■*-  ",""'"»>  uu.i.g  o,r>  jama.     Jii  "an  speed,  inc  ncim  to  startioarci 

25  degrees,  the  time  was  4  min.  27  sec,  the  diameter  212  yards :  helm  to  port  214  degrees, 
the  time  was  1  min.  59  seethe  diameter  beini?  318  vnrds.  TIip  trial  i»e  nr,n=,vw0,i  „.nct 
satisfactory. 


i  sec,  the  diameter  being  318  yards.    The  trial  was  considered  most 


Naval  Appointments.— The  following  appointments  have  taken  place  since  our  last, 
W.  11; iirclic,  Engineer, supernumerary  to  the  Asia;  J.  Gray,  First-class  Assist.  Engineer- 


to  the  Fisgard,  as  supernumerary ;  J.  West,  First-class  Assist.  Engineer,  to  the  Columr 
line;  R,  Sampson,  Chief  Engiueeer,  and  H.  J.  Hall,  Assist.  Engineer,  to  the  Indus,  fo; 
the  Prince  Consort ;  T.  R.  Butters,  Assist.  Engineer,  to  the  Victor;/,  for  the  Sprightly. 
H.  D.  Garwood  and  F.  Moore,  Assist.  Engineers,  to  the  Asia,  for  the  Enchantress;  F.  W. 
Suthon,  (B)  Engineer,  to  the  Indus,  as  supernumerary ;  E.  Fowell,  acting  Engineer,  to 
the  Orlando;  T.  Catchpole,  Assist.  Engineer,  to  the  Asia,  for  the  Charger ;  T.  Scott,  (B) 
Asist.  Engineer,  to  the  Cumberland,  as  supernumerary  ;  J.  Legabe,  Assist.  Engineer,  to 
the  Edinburgh,  for  the  Tender;  B.  Barber,  Chief  Engineer,  to  the  Cumberland,  for  the 
Salamander;  AV.  Pitt,  Chief  Engineer,  and  P.  Samson,  Assist.  Engineer,  to  the  Indus, 
for  the  Sanspareil ;  H.  J.  lies,  Assist.  Engineer,  to  the  Cumberland,  as  supernumerary ; 
F.  C.  Ford,  Assist.  Engineer,  to  the  Indus,  for  hospital  treatment;  J.  Wylie,  of  the 
Valarous,  W.  Frazev,  of  the  Indus,  P.  Eckford,  of  the  Asia,  W.  Pearson,  of  the  Emerald, 
and  T.  Scott,  of  the  Cumberland,  promoted  to  First-class  Assist.  Engineers  ;  J.  R.  Rob- 
inson, of  the  Scout,  J.  M'Gough,  of  the  Surprize,  F.  Pointon,  of  the  Orontes,  J.  Crawford, 
of  the  Mutine,  R.  AVyllie,  of  the  Bustard,  A.  Leiteh,  of  the  Kestrel,  and  W.  Barclay,  of 
the  Medea,  promoted  to  acting  First-class  Assist.  Engineers ;  J.  Orchard,  in  the  Syrian, 
promoted  to  Engineer ;  E.  L.  Williams  and  P.  Murray,  in  the  Asia,  and  J.  Wilson,  in  the 
Echo,  promoted  to  First-class  Assist.  Engineers  ;  W.  Read  and  J.  Croll,  Assist.  Engineers, 
to  the  Dasher  and  Racoon,  respectively  ;  J.  Orchard,  in  the  Tynan,  promoted  to  Engi- 
neer ;  B.  L.  Evans  and  P.  Murray,  in  the  Asia,  and  J.  Wilson!  in  the  Echo,  promoted  to 
First-class  Engineers  ;  W.  Read  and  J.  Croll,  Assist.  Engineers  to  the  Racoon  and  Dasher 
respectively ;  C.  F.  B.  Hurt  and  J.  Parry,  Assist.  Engineers  to  the  Indus,  as  Supernu- 
meraries ;  J.  W.  E.  Baron,  Assist.  Engineer,  to  the  Asia,  as  supernumerary;  W.  H. 
Sedgwick,  Assist.  Engineer,  to  the  Himalaya ;  R.  Stevens  and  C.  E.  Williams,  to  the 
Aja.v  and  the  Dee  respectively  ;  A.  H.  Symes,  Assist.  Engineer,  to  the  Fisgard,  as  super- 
umerary ;    W.  B.  Cleverly,  Assist.  Engineer,  to  the  Excellent,  for  the  Stork. 

MILITARY  ENGINEERING 

Testing  Armour  Plates. — In  the  course  of  some  experiments  which  took  place  at 
Portsmouth,  between  the  3rd  and  Uth  ult.,  to  test  the  resisting  powers  of  various  kinds 
of  armour  plates,  six  made  by  the  Butterly  Company,  at  Alfreton,  Derbyshire,  were  sub- 
jected to  seven  shots  each,  under  the  same  conditions  as  the  plates  by  other  makers. 
These  plates  were  all  4|in.  in  thickness,  and  varied  from  8ft.  to  13ft.  in  length,  and  from 
3ft.  6in.  to  4ft.  in  width.  Five  of  the  plates  were  struck  twice  in  the  same  spot,  but 
none  were  penetrated,  and  so  far  as  substantial  protection  to  anything  behind  them  were 
concerned,  were  not  Injured.    The  results  were  satisfactory. 

STEAM  SHIPPING. 

Trial  Trip  op  the  Lord  Gough. — This  paddle  steamer,  recently  launched  on  the 
Clyde  by  Messrs.  Caird  &  Co.,  for  the  Dublin  and  Glasgow  Steam  Packet  Company,  under- 
went a  trial  trip  on  the  15th  ult.,  of  which  the  following  is  the  resultf; — During  the  run 
the  engines  averaged  29  revolutions,  with  a  pressure  of  2741bs.  on  the  square  inch.  They 
worked  smoothly  and  without  heating,  the  average  rate  being  144  knots  or  Kif  statute 
miles  per  hour.  The  dimensions  of  the  Lord  Gough  are; — Length  of  keel  and  forerake 
232ft.;  breadth  26ft. ;  depth  14ft.  9in.;  and  tonnage  765  o.m.  She  is  propelled  by  a  pair 
of  oscillating  engines,  furnished  by  the  builders,  of  270  horse  power  nominal,  having  63in 
cylinders,  with  64ft.  stroke,  and  fitted  with  patent  expansion  valves,  the  invention  of  Mr. 
J.  T.  Caird,  These  enable  the  engineer  to  cut  off  the  supply  of  steam  when  the  piston 
has  reached  any  part  of  its  stroke,  thus  enabling  the  pressure  of  steam  in  the  boiler  to 
remain  at  a  high  density,  and  have  all  the  advantage  in  oscillating  engines  of  expansion. 
The  "  AVinans  "  Steamer. — The  Winans,  a  steamer  constructed  at  Baltimore  on  the 
cigar-shaped  principle,  has  arrived  at  Hull  to  be  lengthened.  She  is  at  present  80ft.  long, 
and  in  the  widest  part  amidships  is  8ft.  in  diameter.  On  the  top  or  back  of  the  vessel 
there  are  four  short  tubes  projecting  about  two  aud  a  half  feet,  which  will  answer  the  pur- 
pose of  ventilators,  and  as  a  means  of  entrance  to  the  vessel.  To  prevent  the  steamer 
rolling  over  in  the  water,  she  is  well  ballasted  with  spelter,  and  draws  about  3ft.  of  water. 
There  are  several  screws  in  her  sides,  to  which  stanchions  may  be  fastened.  On  this  a 
grating  to  form  a  deck  is  fixed,  and  an  iron  guard  runs  from  stem  to  stern.  The  vessel 
is  propelled  by  means  of  a  screw,  which  is  placed  about  20ft.  from  the  stern. 

Austrian  Steam  Navigation. — A  new  Austrian  Steam  Navigation  Company  is  in 
course  of  organisation.  The  principal  promoters  are  the  Prince  Colloredo-Mansfield, 
Baron  Dobloff,  Baron  de  Hohenbruck,  Prince  Jablonowski,  and  Herr  Louis  Merteus. 
The  capital  of  the  company  has  been  fixed  at  £2,000,000,  and  this  considerable  sum  is 
stated  to  have  been  subscribed  for.  The  objects  at  which  the  new  company  is  to  aim 
are  the  following : — First,  the  carriage  of  passengers  and  goods  between  the  Mediterranean 
and  the  Eastern  coast  of  America ;  second,  of  the  establishment  of  yards  for  the  con- 
struction of  ships  on  a  great  scale  at  Trieste  :  and  thirdly,  the  improvement  of  the  port 
of  Trieste,  and  the  construction  of  docks  and  warehouses. 

Iron  Shipbuilding  on  the  Mersey. — Iron  shipbuilding  is  in  a  very  active  state  at 
Liverpool,  twenty-three  vessels  being  at  present  in  progress  in  the  yards  of  the  various 
builders.  Messrs.  Laird  have  on  hand  a  large  steamer  of  700  tons  for  the  London  and 
North  Western  Railway  Company,  and  two  ships  of  1000  tons  each  for  Messrs.  Clint. 
Messrs.  Royden  have  two  ships  of  1000  tons  each  for  Messrs.  C.  Moore ;  and  another  for 
Messrs.  Fletcher.  Messrs.  Hart  and  Simmott  have  two  ships  of  1000  tons  each  in  hand 
for  Messrs.  Finlay,  Campbell,  and  Co.  Messrs.  Patterson  have  a  vessel  of  750  tons,  for 
Messrs.  Boult,  English,  and  Brandon,  in  course  of  construction.  Messrs.  Vernon  have 
the  following  :— One  of  1166  tons  for  Messrs.  Potter  Brothers,  just  launched;  one  of  900 
tons  for  Messrs.  W.  J.  Myers  and  Co. ;  one  of  800  tons  for  Messrs.  Imrie  and  Tomlinson  ; 
and  one  of  900  tons  tor  Mr.  Liston  Young.  Messrs.  Jones  and  Quiggan  are  busy,  having 
no  less  than  five  vessels  on  the  stocks  ;  one  of  1000  tons  for  Messrs.  Semmell  and  Co.  ; 
one  of  1194  tons  for  Messrs.  Curry,  Kellock,  and  Co.;  one  of  900  tons  for  Messrs.  Cope- 
land  Brothers ;  one  of  630  tons  for  Messrs.  Blythe  Brothers ;  and  one  of  630  tons  for 
Messrs.  H.  T.  Wilson  and  Chambers.  Messrs.  W.  Miller  and  Co.  have  in  hand  a  ship  of 
600  tons  for  Messrs.  Prowse  and  Co.,  and  two  barques ;  and  a  small  steamer  of  60  tons 
for  Messrs.  Finlay,  Campbell,  and  Co.  Mr.  Glover  has  a  ship  of  1050  tons  for  Messrs. 
Boult,  English,  and  Brandon,  in  course  of  construction.  Messrs.  Laird  have  also  on 
hand,  in  addition  to  the  vessels  already  mentioned,  two  gunboats  for  the  Emperor  of 
China,  about  whose  ultimate  destination  a  good  deal  has  been  said,  and  an  iron-plated 
frigate  for  the  home  Government.  The  ships  which  Messrs.  Boult,  English,  and  Brandon 
are  having  constructed  are  intended  for  the  Calcutta  trade,  and  are  designated  the 
"  Shire  "  line.  Three  of  the  line— the  Staffordshire,  the  Derbyshire,  and  the  ^Moumouth- 
shire — are  completed. 

\  Steam  Shipbuilding  on  the  Clyde.— Messrs.  AV.  Denny  and  Brothers,  of  Dumbarton, 
[  have  contracted  to  build  two  large  paddle  steamers,  to  be  employed  on  the  Yaug-tze 
river,  in  China.  One  of  these  vessels  is  to  be  built  for  Messrs.  Gibb,  and  is  to  be  1460 
tons  burden,  with  engines  of  350-horse  power;  and  the  other,  for  Messrs.  Jardine,  Mathe- 
son,  and  Co.,  is  to  be  2040  tons  burden  aud  450-horse  power.  The  steamers  are  to  be 
similar  in  design  to  the  Rona,  built  last  vear  by  the  same  firm  for  the  same  trade  for 
Messrs.  Jardine,  Matheson,  and  Co.  The  steamers,  Roe  and  Fox,  building  by  Messrs. 
Caird  and  Co.,  of  Greenock,  for  the  Clyde  and  Belfast  line,  have  been  sold  and  Messrs. 
Caird  and  Co.,  have  received  orders  to  proceed  with  two  others  in  their  stead.  The  owners 
of  the  Montreal  Ocean  Steamship  line  have  contracted  for  another  vessel,  to  be  named 
the  Moravian,  of  similar  dimensions  and  power  to  the  Peruvian,  now  under  construction, 
and  about  to  be  launched  for  the  same  company.    The  dimensions  of  these  steamers  are 
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— extreme  length,  320ft. ;  breadth  of  beam,  3Sft.  3in.;  depth  of  hold,  26ft.  3in. ;  giving  a 
measurement  of  2600  tons.  The  cylinders  of  the  engines  will  be  6I't.  3:n.  in  diameter. 
Among  recent  launches  may  be  noted  a  paddle,  built  by  Messrs.  W.  Denny  and  Brothers. 
of  Dumbarton,  and  intended  to  be  employed  for  towing  purposes  on  the  Hooghly.  She 
is  450  tons  burden,  has  engines  of  250-horse  power,  and  is  the  property  of  Messrs.  Glad- 
stone, Wyllic,  and  Co.,  of  Calcutta.  Messrs.  Henderson,  Goulborn,  and  Co.,  of  Renfew, 
ha-ve  launched  a  screw  named  the  Alerta,  intended  for  the  Spanish  trade.  She  is  about 
850  tons  burden,  and  is  now  being  fitted  with  diagonal  engines  of  150-horse  power.  The 
owners  of  the  Montreal  Ocean  steamship  line  recently  contracted  with  Messrs.  Steele  and 
Co.,  of  Greenock,  for  two  large  steamers  of  2,500  tons  burden.  The  cylinders  of  the 
engines,  which  are  to  be  of  400-horse  power,  will  be  supplied  by  Messrs.  Macnab  and  Co,, 
Shaw's  Water  Foundry,  and  will  be  6ft.  3in.  in  diameter.  Messrs.  Steele  have  on  hand  a 
screw  of  400  tons  and  several  iron  sailing  vessels.  Messrs.  Cairo  and  Co.,  have  received 
an  order  from  the  West  India  Royal  Mail  Steamship  Company,  for  a  screw  of  2431 
tons  burden  and  500  horse  power.  The  machinery  will  embrace  surface  condensation, 
superheated  steam,  and  a  steel  shaft  by  Krupp,  of  Essen.  The  steamer  will  be  modelled 
generally  after  the  America,  lately  fitted  by  Messrs.  Caird  and  Co.  Mr.  A.  Denny,  of 
Dumbarton,  has  launched  an  iron  paddle  named  the  City  of  Dunedin,  built  for  the  New 
Zealand  coasting  trade ;  she  is  463  tons  burden,  and  is  to  be  fitted  by  Messrs.  Denny  and 
Co.,  with  engines  of  100  horse  power.  Messrs.  Scott  and  Son,  of  Cartsdyke,  have  launched 
the  Washington,  a  fine  steamer  of  32502tons,  builders'  measurement,  constructed  for  the 
Compagnie  Generate  Transatlantique.  The  Washington  is  346ft.  long,  from  bow  to  stern 
(her  bow  being  a  perpendicular  one),  and  her  breadth  of  beam  is  44ft.,  while  she  has  31ft. 
depth  of  hold.  She  is  now  being  fitted  with  engines  of  850  horse  power  nominal,  the 
diameter  of  her  cylinders  being  91in.  Great  things  are  expected  of  this  tine  vessel.  The 
Washington  is  intended  to  ply  between  Havre  and  New  York,  being  one  of  a  fleet  of  11 
Bteamera  now  building  for  the  same  company— seven  of  the  11  are  in  course  of  construc- 
tion by  Messrs.  Scott  and  Co.,  who  have  several  of  them  on  hand  in  France,  and  two 
others  at  their  works  at  Cartsdyke.   Each  of  the  boilers  and  sole  plates  will  weigh  61  tons. 

Teial  Tkip  of  ikb  "  Italia."— The  trial  trip  of  the  Italia,  the  first  steamer  of  the 
re-organised  London  and  Mediterranean  Steam  Navigation  Company,  took  place  on  the 
24th  ult.,  in  the  Lower  Hope.  The  engines  arc  by  Messrs.  Maudslay,  Sins.  an,i  Field,  and 
are  of  the  same  pattern  as  those  of  the  Royal  Oak.  The  speed  attained  during  the  trial 
at  the  measured  mile,  gave  an  average  of  Hi  knots,  or  It  statute  miles  per  hour. 

The  "City  or  Losnox,"  Iron  Steam  Vessel,  built  by  Messrs.  James  A«h'&  Co.,  of 
Millwall  went  down  the  Thames  to  the  Xore  and  back,  on  her  trial  trip  on  the  6th  ult., 
and  also  to  test  the  superiority  of  Lumley's  improved  rudder.  It  is  the  first  iron  vessel 
fitted  with  this  invention.  The  City  of  London,  starting  from  Blackwall  pier,  with  her 
her  head  up  the  river  and  her  helm  a  few  degrees  to  starboard,  described  a  half-circle  to 
bring  her  head  down  the  river  in  53  sees.  Durinsr  her  passage  she  gave  perfect  satisfaction 
to  the  various  scientific  men  who  accompanied  her.  She  accomplished  the  measured 
mile  at  the  rate  of  132  section  miles  per  hour,  and  thus  proved  herself  an  exceedingly  fast 
vessel.  The  engines  are  by  Mr.  J.  Stewart,  of  Millwall;  and  the  vessel  is  fitted  with 
patent  floats,  steam  windlass,  Graham's  patent  tiller,  and  other  modern  improvements. 

Tub  "SotTiiBiixtK,"  built  for  Messrs.  Fraser,  Trenhorme  &  Co.,  of  Liverpool,  underwent 
a  trial  trip  from  Hartlepool  Bay  on  the  3rd  ult.  The  Southerner  is  an  iron  screw  steamer, 
.Holt,  long  from  figure  head  to  stern,  and  38ft.  broad  amidships;  registered  tonnage 
2090  tons.  Her  engines,  made  by  Messrs.  Fossick  A;  Hackworth,  of  Stockton-on-Tees, 
have  direct  action, 300  horse  power,  fitted  with  superheating  and  feed  heating  apparatus ; 
the  diameter  of  the  cylinders  is  Vhw.,  and  lengthof  stroke  33in.  The  speed  attained  was 
12j  knots,  the  engines  working  with  great  ease,  considering  this  was  the  first  time  of  trial. 

Stum  to  Brazil  urn  Rivxb  Plate. — A  new  commercial  line  of  steam  ships  to 
Brazil  and  the  Blver  Plate  has  been  organised  to  sail  from  Liverpool,  and  will  commence 
on  tbe  7th  of  Angus!  next,    Th  will  be  the  Sieilia,  a  screw  Bteamer  of  H25 

tons,  ami  300-horse  power.  Her  purts  will  be  Rio  de  Janeiro,  Mo-tc  Video,  and  Buenos 
Ayrcs.  The  charges  both  for  freight  and  passengers  are  to  be  moderate,  and  i;  is  stated 
that  the  Sieilia  can  mal  e  the  run,  if  necessary,  to  steam  all  the  way,  without  having  to 
call  anywhere  to  coal,  and  that  as  her  consumption  of  coal  is  small  in  proportion  to  her 
capacity,  she  mav  accomplish  the  passage  in  twenty  days  to  Rio  and  twenty-four  to  the 
River  Plate. 

LAUNCHES  OF  STEAMERS. 
I.ACWcn  or  the  "Tvne."— This  vessel  was  launched  from  the  iron  shipbuilding  yard 
of  Messrs.  J.  Wigham,  Richar  Ison,  and  Co.,  Low  Walker,  on  the  Oth  alt,  she  is  the  pro- 
perty of  the  Shields  Steam  Shipping  Company  'Limited).  The  dimensions  of  the  vessel 
are— Length,  180ft.;  breadth,  27ft.;  depth,  164ft.  She  will  be  propelled  by  a  pair  of 
engines  7"  horse  power  lea!.),  Min.  cylinder-,  28in.  stroke,  which,  with  a  tubular  boiler  of 
large  capacity,  it  i-  expected  will  realise  a  speed  of  from  eight  to  nine  knots,  she  is 
■d  at  Lloyds,  fitted  with  water  ballast  in  double  bottom,  is  to  have  a  steam  crane, 
Turpie'i  patent  reefing  gear,  4c.  Besides  coal  in  bunkers,  she  will  take  700  tons  car.-'  iii 
hold,  on  .-in  easy  draught  of  water.  After  her  launch  she  was  towed  to  Newcastle,  where 
notwithstanding  the  Inclemency  of  the  weather,  all  her  machinery,  which  was  supplied 
br  Messrs.  R.  and  W,  Hawthorn,  was  placed  on  board,  and  conn 
she  returned  down  the  river  nnder  her  own  steam,  tni  Ing,  and  was  safely  in 

at  the  builders  yard,  within  1 1  boors  from  her  launch. 

Tin  "Ol  ti  Holland  fork, 

Fowl       ■  i  .  i  i         -  » lied  on 

a  aaw  principle,  bavin.-  ,  the  blade*  of  which  will  work  within  each  other. 

Her  engin  -  are  fitted  with   surface  condi 

Her  din  e, — length  81ft.,  beam  20ft.,  depth  Oft.  isin.,  I 

"  IIolivji:"     screw     steal ln |,,..|    )>,,,,,    • 

.ml son  Mild  Co.,  South    Sto  -:.io  i.      II 

247ft.  Bin.;  extreme  breadth,  32ft.  Bin.;  dopth  of  hold.  ,  old 

t,    Her  engine  ,  which  are  of  160  nominal  and  630  horsepower, 

Were    !■  |  if 

ran  between  Liverpool  and  the  A 

l.i '  bully  known 

lunched  from  the  yard  of  Mr.  U  . 

.  bnill  for  M 
inction  wiib  t 
■i or!  and  Melh  .urn.-.      Mr.  I 
shout  2000  tons  burthen  I  Arm, 

Lit  n i  mi  "  Not 

Srinvni:     The  launch  nl  tho  l.ondon  and  South  V  *  |riin 

paddlewhecl  on  the  I7ih  nit  ,  t  ,  li  and 

bo.'s  yard,  launch  was  high' 

I  lie  V 

with  her  machlnei  -■■  power.    The  engines  will  h 

condensers,  arranged  with  separate  cylinders,  I  i  thai  a  vacuun 
oat  th  if  the  main  employed  to  prone 

The   boilers  arc  of  large   die,  fitted  with   bra     tul  i 


feathering  description,  and  the  engines  are  fitted  with  the  peculiar  link  motion 
applied  to  work  the  slide  valves,  so  as  to  enable  one  man  to  start  or  stop  the  engines 
without  difficulty.  The  principal  dimensions  of  the  Normandy  are :— Length  between 
perpendiculars,  210ft. :  breadth  for  tonnage,  21ft. ;  depth  in  bold,  14ft.  The  Normandy 
is  the  third  iron  vessel  launched  within  a  few  months  fromthc  same  yard. 

TELEGRAPHIC  ENGINEERING. 

Traks-Atlaxtic  Spdmarixe  Cable. — A  very  important  decision  has  been  come  to  at 
the  Telegraph  Congress,  at  the  Foreign  Office,  Paris.  The  concession  of  a  trans-Atlantic 
submarine  cable  to  M.  Galestrini,  sanctioned  by  all  the  Powers  represented  at  the  conference 
was  formally  ratified.  The  plan  is  to  connect  Europe  with  the  Brazils,  and  the  Brazils 
with  North  America,  so  that  a  dispatch  from  Paris  to  Xew  York  will  have  to  go  round 
via  Pernambueo.  The  scheme  is  a  grand  one,  and  its  boldness  deserves  success,  but 
the  difficulties  in  the  way  of  its  praetieal  realisation  seem  very  formidable. 

Telegraph  betweex  Spaix  axd  Ext.laxd. — The  telegraphic  cable,  which  is  to 
unite  the  coast  of  Spain  with  England,  will  extend  from  Corunna  to  Falmouth — a  distance 
of  600  miles. 

RAILWAYS. 

Crystal  Palace  axo  South  Loxdox  Juxctiox  Railway.— A  prospectus  has  been 
issued  of  this  company,  an  extension  of  the  London,  Chatham,  and  Dover  line  by  Peck- 
ham  to  the  Crystal  Palace.  The  capital  is  to  be  £675,000,  in  shares  of  £10,  of  which  one 
half  are  to  cany-  a  6  per  cent,  preference.  The  station  at  the  Crystal  Palace  will  be  on  a 
level  with  the  floor  of  the  building. 

Copexiiagex  Railway  Compaxy. — A  prospectus  has  been  issued  of  this  company, 
with  a  capital  of  £160,000,  in  shares  of  £10.  The  object  is  to  carry  out  some  concessions 
granted  by  the  Government  for  the  construction  of  lines  of  railway,  to  be  worked  by 
horses  only,  from  the  centre  of  the  capital  to  the  most  frequented  parts  of  the  suburbs. 
The  aggregate  length  of  the  lines  to  be  first  made  is  ten  miles,  at  a  cost  of  £4500  per 
mile. 

The  East  Ixdiax  Railway  Cojipax-y-  have  put  forth  aprospectus  for  the  construction, 
without  a  Government  guarantee,  of  an  auxiliary  loop  line  of  120  miles  between  their 
stations  at  Barakur  and  Luckieserai.  The  main  object  is  to  develope  a  coal  district, 
whence  it  has  become  essential  for  the  company  to  obtain  supplies,  and  at  the  same  time 
to  open  an  additional  channel  for  the  main  traffic  to  the  upper  part  of  the  Ganges,  which 
will  obviate  the  future  necessity  of  doubling  the  existing  line.  As  the  proposed  loop  will 
run  along  the  base  of  the  angle  formed  by  the  present  railway  between  Burdwan  and 
Luckieserai  it  will  shorten  by  sixty  miles  the  distance  to  Luckieserai  and  all  stations 
beyond  it.  The  capital  of  the  Auxiliary  Company  will  be  £1,200,000,  in  shares  of  £20,  and 
the  undertaking  will  technically  be  entirely  distinct  from  the  East  Indian  Company, 
although  it  is  contemplated  that  the  capital  should  be  subscribed  rateably  by  the  East 
Indian  proprietors,  and  that  the  whole  system  should  thus  be  worked  for  one  body.  A 
good  revenue  is  expected  to  be  obtained  from  the  coalfields,  and  certain  concessions  and 
subventions,  which  have  hitherto  been  accorded  to  encourage  companies  willing  to  under- 
take railways  in  India  without  a  guarantee,  will  be  applied  for,  and  are  expected  in  regular 
course  to  be  obtained. 

Royal  Danish  Railway. — The  report  of  the  directors  of  this  company  states  that 
the  first  section  of  the  State  lines,  extending  from  Aarhuus  to  Banders,  a  distance  of  40 
miles,  was  opened  by  the  King  in  September  last,  and  the  next  section,  of  about  65 
miles,  will  be  opened  next  autumn.  The  whole  length  of  the  State  lines,  about  350  a 
will  be  completed  by  the  summer  of  1866.  In  route  with  the  lines  of  the  Islands  of  Fyen 
and  Zealand  to  Copenhagen,  the  Government  has  recently  decided  that  large  steam  ferries 
shall  he  constructed  to  convey  trains  across  the  channels  of  flic  Belts,  and  also  over  the 
Sound,  in  connexion  with  the  lines  of  Sweden.  On  completion  of  the  line  north  to  Fred- 
erickshaven  a  daily  steam  service  will  communicate  with  Gottenburg.  A  working  agree- 
ment for  a  term  of  twenty-eight  years  between  the  company  and  the  Altona  and  Kiel 
Company  has  been  provisionally  entered  into  by  the  respective  boards  By  the  pro- 
visions of  this  agreement,  the  Altona  and  Kiel  Company  binds  itself  to  make  a  raily  way 
from  Altona  into  the  city  of  Hamburg,  and  there  unite  with  the  lines  of  .Mecklenburg 
and  Hanover.  By  this  project  a  continuous  line  from  Denmark  fo  the  Continent  will  be 
established.  The  Company's  engineer  reports  that  the  whole  of  the  bridges  are  now  of 
a  most  substantial  character.  The  capital  account  shows  that  £655,923  had  been  received 
and  expended. 

M  ltkopolitav  Main  Trunk  UlTOBBOBOOirn  Railway. — A  project   is  suggested  by 
Mr.  Charles  Baylis,  of  the  Poultry,  for  constructing  a  Main  Trunk  Underground  Lin 
Railway,  to  commence  at  Stratford,  to  be  carried  down  the  How,  Mile-end,  and  White- 

chapel-roads,  through  the  City,  down  Holbom,  Oxford-Street,  and  Bayswater-mad,  and 
to  terminate  at  Shepherd's  Bash,  In  connexion  with  the  construction  of  this  line  m 
railway,  it  is  also  suggested  that  four  lines  of  vails  al  tho  least  should  be  made,  and 
chambers  should  also  be  constructed  tor  depositing  gas  and  water-pipes,  telegraph-wires, 

.v.,  and  for  any  other  purposes  that  may  be  considered  advisable.     It  is  concluded,  that 

if  such  a  railway  wen-  constructed,  legislative  Interference  would  almost  become  me 

ary,  as  every  other  railway  company  would  have  but  one  objeol  in  view,  namely,  to 

arrange  toe  be ri  modes  of  bringing  their  traffic  on  the  line  now  proposed.  Would  aol 
the  necessity  of  crossing  the  Thames  by  a  north  and  south  line  of  underground  railway 

however,  make  this  latter  line  more  like  the  criterion   or  key  to  the  level  of  all  the  other 

el  west  one? 

RAILWAY  ACCIDENTS. 
it  it  mi  ■  i  to!  nn   No&tk  Usrion  EUilway,    On  the  morning  of  the  3rd  ult.  a  serions 
I  on  the  North  Union  Railway,  near  Preston,  which  resulted  In  the  des- 
truction of  a  large  ai ml  of  property  belonging  both  to  the  company  and  si  vera!  p 

goods  were  being  conveyed  along  the  line,  On  the  preceding  night  agooda  train,  con- 

Igof  tWOnty-tWO  waggon-  and  B  guards'  van,  lelt  Liverpool  for  tbe  North,   The  joum.'V 

rformed  quite  safel)  and] otuallj  until  the  arrival  ol  ■  tram   al   a 

small  station  called  Parrlngton,  about  two  miles  (rom  Presl Near  this  station  tin  re 

.  oi  ni,  tailing  in  the  'lire,  iion  of  Preston,  and  when  the  engine  had  reached 
the  In  d  more  rapidly  than  before,  and  quite  beyond 

the  rat"  produced  bj  tin  ol  steam  upon  the  cylinders,    This  ci 

to  torn  round,  when  ho  observed  thai  thewholo  of  the  train, 

wltb  tho  exception  ol  i  wo  waggons  Immediate!)  al  the  n  ■    ■,   a  left 

behind,  Uio  eoupll  iken,    The 

driver  brought  bis  CI  n  BS  posslblc.and  imagining  t  bat  the  w  a. 

would  follow  I  i  down  tho  docl ,  hs  ran  inarj  until  th 
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Grenadier  Guards  who  were  returning  to  head-quarters  from  a  course  of  rifle  practice  at 
Easthourne  The  train  proceeded  as  usual  as  far  as  the  Streatham-common  station, 
shortly  after  leaving  which,  the  engine  and  the  entire  train  of  16  carriages 
ran  off  the  metals  for  a  considerable  distance,  and  came  to  a  stop  in  consequence  of 
the  boiler  of  the  engine  exploding.  The  shock  was  so  great  that  the  middle  carriages  of 
the  train  were  doubled  up,  and  several  completely  smashed. 

BOILER  EXPLOSIONS. 

Boiler  Explosion  at  Bilston  —  On  May  30th,  as  the  day  men  were  replacing  those 
that  had  beeen  at  work  during  the  night,  one  of  the  boilers  of  the  old  Bilston  Works  ex- 
ploded killing  four  men,  and  more  or  less  injuring  fifteen  others.  The  boiler,  it  is  pre- 
sumed,'exploded  from  beneath,  as  far  as  can  be  ascertained;  it  gave  way  at  a  seam 
immediately  over  the  fire,  and  extended  completely  round  the  circumference  of  the  boiler, 
and  splitting  it  as  clean  as  if  it  had  been  cut  in  two  by  a  knife.  Tbe  upper  half  turned  a 
complete  summersault,  and  passing  between  the  engine-house  and  the  stack,  came  to  the 

f  round  bottom  upwards,  about  five  yards  from  the  bed  from  which  it  was  torn.  The  front 
alf,  with  the  exception  of  a  few  fragments,  went  off  in  an  acute  angle,  travelled  a 
distance  of  between  70  and  80  yards  in  the  air,  passing  between  the  and  over  buildings, 
and  falling  immediately  in  front  of  the  principal  office  door.  Singular  to  state,  with 
these  exceptions,  this  disruption  was  effected  without  further  injury  than  the  demolition 
of  roof  and  slates.    There  were  about  200  men  and  boys  in  the  works  at  the  time. 

Boileb  Explosion.— On  the  13th  ult.  a  boiler  exploded  at  the  extensive  works  of  the 
Dowlais  Iron  Company,  Merthyr  Tydvil,  and  the  force  of  the  explosion  was  so  great  that 
the  ironwork,  b ricks,  and  other  missiles  were  hurled  in  all  directions.  A  lad,  who  was  at 
work  about  60  yards  distant,  was  struck  by  a  brick,  and  killed.  Five  others  were  injured, 
two  of  them  seriously.  The  boiler,  it  appears,  had  been  duly  examined,  as  usual,  and  the 
cause  of  the  explosion  is  not  known. 

ACCIDENTS  TO  MINES,  MACHINERY;  &c. 

Colliery  Explosion  near  Wrexham. — An  explosion  which  caused  severe  injuries  to 
seven  men,  one  of  whom  has  since  died,  recently  occurred  at  the  Brymbo  Colliery,  near  Wrex- 
ham. It  appears  that  a  quantity  of  gas  had  collected  in  one  of  the  workings,  and  the 
roof  unexpectedly  falling  in,  there  was  a  rush  of  gas,  which  came  in  contact  with  a  naked 
candle  carried  by  one  of  the  men,  and  an  explosion  ensued. 

Bursting  of  a  Tank  in  Portsmouth  Dockyard. — In  the  north  east  portion  of 
Portsmouth  dockyard,  and  exactly  opposite  the  grounds  which  enclose  the  residence  of 
the  Admiral-Superintendent,  is  a  large  iron  salt-water  tank,  standing  on  lofty  iron 
columns  over  some  stores  of  oak  plauking.  It  is  160ft.  long,  40ft.  wide,  and  5ft.  deep, 
and  is  kept  filled  with  salt  water  to  assist  in  quenching  any  fire  which  might  break  out 
in  its  neighbourhood.  On  the  17th  ult.  an  alarm  was  given  that  it  had  burst,  and  that 
the  water  which  rushed  out  was  committing  great  ravages  upon  the  roadways  and  the 
Admiral-Superintendent's  grounds  and  gardens  adjoining.  It  was  found  on  examination 
that  about  70ft.  of  the  iron  plates  forming  one  side  of  the  tank  had  given  way,  and  had 
been  hurled  with  the  water  into  the  roadway.  The  tank  was  built  up  of  cast-iron 
flanged  plates,  fastened  together  with  bolts,  nuts,  screws,  &c,  in  the  usual  manner. 
Some  of  the  plates  have  been  separated  at  the  fastenings,  the  nuts  having  been  torn  off 
the  screw  ends  of  the  bolts  by  the  pressure  of  the  water.  In  other  instances  the  iron 
plates  have  been  broken  through  diagonally!  like  pottery  ware.  The  weight  of  the  water 
in  the  tank  was  calculated  at  890  tons,  and  the  pressure  against  the  side  of  the  tank, 
which  has  given  way,  at  about  50  tons.  An  inspection  of  the  broken  parts  of  the  tank 
disclosed  the  somewhat  extraordinary  fact  that  the  wrought  iron  tie  rods  in  the  interior 
of  the  tank  were  very  much  eaten  away  at  their  junction  with  the  cast-iron  plates,  where 
they  had  been  submerged  in  the  salt  water. 

"WATER   SUPPLY. 

The  South  Essex  Waterworks.— The  chalk  pits  of  Grays,  where  the  works  are 
erected,  and  which  were  recently  opened,  are  situated  about  a  mile  from  the  Thames ;  they 
cover  an  area  of  nearly  60  acres,  and  are  filled  with  water  springs,  which  are  so  prolific, 
and  are  perpetually  rising  in  such  large  volumes,  as  to  produce  a  million  gallons  per  day. 
The  Company  have  now  completed  their  high  service  works,  and  have  laid  on  the  water 
to  Brentwood  and  Warley ;  in  the  course  of  time  an  abundant  supply  of  water  will  be 
furnished  to  the  towns  in  the  upper  part  of  the  county,  and  ultimately  to  the  eastern 
suburbs  of  London.  At  present  five  pumps  are  employed,  and  the  quantity  of  water  ob- 
tained every  twenty-four  hours  is  2,100,000  gallons.  The  steam-engine  employed  for 
raising  the  water  from  the  chalk-pit  to  the  reservoir  at  Warley,  is  constructed  upon  the 
principle  known  as  Woolf  s  double  cylinder,  and  is  the  most  economical  and  convenient 
agent  that  can  be  employed  for  this  purpose.  The  steam  is  first  used  at  high  pressure  in 
the  small  cylinder,  where  it  is  allowed  to  exert  its  full  power  throughout  the  entire 
stroke;  from  this  it  passes  into  a  larger  cylinder  four  times  the  capacity  of  the  small  one, 
so  that  it  is  expanded  to  four  times  its  first  bulk,  and,  consequently,  its  final  pressure  is 
reduced  in  a  like  proportion;  it  then  passes  into  the  condenser  beneath  the  cylinders, 
where  it  is  again  converted  into  water,  and  in  this  process  a  vacuum  is  formed  which, 
draws  down  the  piston  on  the  large  cylinder,  and  then  the  whole  power  of  the  steam  is 
made  available.  The  water  is  raised  by  a  pump,  which  is  worked  bv  a  rod  direct  from 
the  wrought-iron  beam  of  the  engine,  the  pump  is  double  acting,  having  both  a  bucket 
and  plunger,  and  thus  represents  a  combination  of  the  common  lift  pump,  with  a  force 
pump  similar  to  that  used  for  feeding  boilers.  The  bucket  is  twice  the  area  of  the 
plunger,  and  the  consequence  of  this  is— that  it  draws  at  the  up  stroke  the  full  contents  of 
the  barrel,  but  only  discharges  one-half  into  the  delivery  pipe,  the  other  half  being  dis- 
placed by  the  plunger  at  the  down  stroke.  This  causes  a  pretty  uniform  flow  of  water, 
and  enables  it  to  be  forced,  with  the  assistance  of  a  large  air-vessel,  straight  into  the 
main,  without  the  intervention  of  a  stand-pipe.  It  is  believed  that  this  is  the  only  in- 
stance of  water  being  raised  to  a  height  of  400ft.  through  a  main  9  J  miles  in  length.  With 
regard  to  the  source  of  the  water,  it  issues  from  the  chalk  formation  out  of  vertical 
fissures  which  have  been  formed  by  some  upheaving  of  the  strata,  and  which  takes  one 
general  direction.  To  obtain  water,  all  that  is  to  be  done  is  to  cut  across  these  fissures, 
each  of  which  is  separate  from  the  other.  Owing  to  the  operations  which  have  taken  place 
in  working  these  chalk  pits,  very  little  tunnelling  is  required.  The  tunnel  in  use  at 
present  is  2511.  and  6ft.  broad,  and  this  can  be  extended  to  indefinite  proportions  accord- 
ing to  requirement. 

Waterworks  at  Hay,  near  Hereford.— The  waterworks  of  this  town  are  now  com- 
pleted. The  reservoir,  175ft.  by  51ft.,  and  lift,  in  depth,  is  supplied  by  a  mountain 
stream  some  half  a  mile  distant,  which  is  diverted,  and  then  passed  through  a  filter,  6ft. 
m  depth,  nl'  gravel  and  sand,  before  entering  the  reservoir,  where  it  is  joined  by  two 
springs  obtained  by  boring  about  30ft.  to  rock  (old red  sandstone  formation).  Previously 
!.'.'""'■''  ■■"!'! 'In '-;  entering  the  mains  from  reservoirs,  they  have  to  pass  through  another 
lilterl.eil,  ,n,  the  ascension  principle,  formed  of  slabs,  with  a  pressure  of  12ft.  The  supply 
is  thus  filtered  by  descent  and  ascent. 

BThe  Water  Si'imt.y  of  Paris—  The  aggregate  of  the  present  water  supply  of  Paris 
is5,li)i.,iiiiii,ubie  feet,  3,700,000  of  which  arc  derived  from  the  Ourcq  canal,  the  total 
length  or  the  water-pipes  for  the  private  supply  is  08,729ft. ;  for  the  public  supply.it  is 
V IJ, '.  '  la,'K<-'st  diameter  of  the  pipes  is  3ft.  7'3in.  Two  new  pumping  engines 
'i  m  horse  power  are  now  being  erected  on  the  Quai  d'Austerlitz ;  they  will  add  from 
■100,000  to  00O.JO0  cubic  feet  to  the  water  supply  of  the  suburban  districts. 


GAS    SUPPLY. 

Gas  Works  in  Germany. — There  are  in  Germany  266  gas  works,  of  which  66  are 
worked  by  townships  or  individuals,  and  200  belong  to  various  companies.  The  combus- 
tible employed  is  chiefly  coal,  the  largest  quantity  being  supplied  from  England.  Out  of 
7\  million  quintals,  3,350,000  are  obtained  from  the  English  collieries.  Berlin,  which 
produces  annually  800  million  cubic  feet  of  gas,  uses  about  half  of  this  quantity  of  coal. 
Hamburg  takes  more  than  500,000  quintals,  and  the  rest  is  used  in  the  gas  works  of 
Altona,  Lubeck,  Rostock,  Stralsund,  Stettin,  Dantzie,  Konigsberg,  &c.  The  excellent 
quality  of  the  English  coal  for  gas-making  causes  the  preference  to  be  given  to  it  over 
indigenous  coal ;  but  if  the  cost  of  transport  of  the  latter  can  be  cheapened,  it  is  thought 
that  it  will  ere  long  come  into  use  in  Hamburg,  Berlin,  and  other  towns.  The  following 
are  the  per  centage  proportions  in  which  the  various  coal  is  used  in  Germany : — 

English  coal 46'00 

Westphalia    18-00 

Moravia 1P50 

Zwiekan 7"50 

Saarbuck    7'00 

Silesia 5'00 

Dresden 2'25 

Bohemia 2'00 

Northern  Bavaria    0'75 


Besides  the  gas  works  which  consume  coal,  Germany  possesses  20  in  which  wood  alone  is 
employed  for  distillation;  and  there  are  two  small  works  in  Holsteiu,  which  consume  peat 
or  turf  at  certain  times,  and  at  others  coal.  The  retorts  used  are  generally  of  clay,  except 
in  those  works  where  gas  is  made  from  wood.  The  total  number  of  retorts  employed  is 
estimated  at  7337,  made  for  the  most  part  in  the  immediate  locality  of  the  works ;  their 
form  and  size  differs  considerably.  Assuming  that  the  mean  consumption  of  gas  in  the 
24  hours  is  25  millions  of  cubic  feet,  and  supposing  that  each  retort  furnishes  daily  4500 
cubic  feet,  it  follows  that  these  7337  retorts  must  be  continually,  or  three-fourths  of  the 
time,  in  work.  The  use  of  extractors  is  much  less  general  than  would  be  supposed. 
There  are  only  90,  or  less  than  a  third  of  the  whole  of  the  gas  works  in  Germany  which 
employ  about  107  extractors.  The  small  works  do  not  employ  them  at  all.  The  meters 
in  general  use  are  water  meters  of  native  manufacture,  and  may  number  about  139,000. 
The  mean  number  of  lights  of  each  is  about  eight. 

Photogenic  Gas. — A  prospectus  has  been  issued  of  the  Photogenic  Gas  Company  for 
the  purpose  of  introducing  the  patent  of  M  Mongruel,  which  is  alleged  to  produce  either 
from  ordinary  gas  or  from  atmospheric  air,  a  light  more  powerful,  cheap,  and  healthy 
than  any  hitherto  known.  The  proposed  capital  is  £200,000  (of  which  one-half  is  to  be 
first  put  forth)  in  shares  of  £50.  The  price  to  be  paid  for  the  patent  is  £5000  in  cash  and 
£45,000  in  shares. 

Mauritius  Gas  Company. — The  prospectus  is  issued  of  this  Company  with  a  capital  of 
£100,000,  and  a  first  issue  of  £60,000,  in  12,000  shares  of  £5  each.  This  company  is 
established  to  supply  gas  in  the  British  possession  of  Mauritius,  and  it  intends  to  com- 
mence operations  forthwith  in  Port  Louis,  all  classes  in  the  community  being  desirous  to 
adopt  the  European  system  of  lighting.  The  company's  agent  at  Port  Louis  has  chosen 
an  eligible  site  for  the  works,  close  to  the  harbour's  edge,  where  coal  and  other  materials 
can  be  landed,  and  it  is  stated  that  the  profits  will  give  a  minimum  return  of  12  to  15  per 
cent,  on  the  capital  to  be  invested. 

DOCKS,  HARBOURS,  BRIDGES,  &c. 

Blackpool  Pier. — This  pier  was  designed  by  and  erected  under  the  supervision  of 
Mr.  Eugenius  Birch,  C.E.,  London,  and  is  constructed  almost  entirely  of  iron,  the  only 
woodwork  employed  being  that  used  for  the  deck  and  the  fender  piles  at  the  head.  The 
following  are  the  dimensions  of  the  pier : — Approach,  80  feet  long ;  abutment,  120  feet 
long  and  45  feet  wide;  main  portion,  1070  feet  long  and  28  feet  wide;  and  the  head,  135 
feet  long  and  55  feet  wide,  giving  a  total  length  of  1405  feet  available  as  a  promenade. 
The  entire  superstructure  rests  upon  clusters  of  iron  piles,  vertically  fixed  into  the  ground 
by  means  of  screws.  The  piles  at  the  abutment  and  main  body  are  wholly  of  cast  iron, 
and  those  at  the  head  are  partly  of  cast  and  partly  of  wrought  iron.  The  largest  of  the 
cast-iron  columns  are  12  ins.  hi  diameter,  and  of  an  average  thickness  of  ljth  in.  and  the 
whole  of  the  columns  are  filled  with  concrete,  which  imparts  to  them  additional  stability  as 
a  means  of  support.  The  piles  are  placed  in  clusters,  as  this  mode  of  arrangement  has 
been  found  by  the  engineer  to  answer  in  exposed  positions ;  for,  the  piles  being  trussed 
together,  and  well  secured  longitudinally,  transversely,  and  diagonally,  by  the  rods  and 
braces,  are  capable  of  sustaining  sudden  shocks  of  the  sea,  a  most  important  considera- 
tion at  this  point  of  the  coast,  where  there  occurs  an  extraordinary  rise  of  tide  of  35 
feet.  The  clusters  are  placed  at  intervals  of  60  feet ;  and  resting  upon  them  are  the 
main  girders,  constructed  of  wrought  iron,  and  in  lengths  of  72  feet.  The  description 
of  girder  employed  is  the  plate  girder.  Throughout  the  entire  length  of  the  pier  an  or- 
namental casting  surmounts  the  main  girder ;  and  this  forms  a  very  good  back  for  the 
sitting  accommodation  afforded  by  these  girders.  The  head  of  the  pier  stands  50  feet 
above  low-water  line,  and  every  means  have  been  used  to  give  it  strength  and  stability. 
The  total  weight  of  iron  employed  upon  the  pier  is  760  tons,  consisting  of  420  tons  cast, 
and  340  tons  wrought.    The  first  column  of  this  pier  was  fixed  in  May  last  year. 

The  Clifton  Suspension  Bridge  at  Bristol. — The  coils  of  the  temporary  bridge 
necessary  for  the  construction  of  this  work  have  been  passed  across  the  Avon.  A  thin 
rope  was  lowered  from  the  Clifton  buttress,  and  the  end  conveyed  across  the  river  in  a 
boat  to  the  Leigh  side,  and  then  attached  to  a  thick  hawser,  which  was  hauled  across 
and  secured.  The  first  of  the  wire  coils,  1100ft.  in  length,  and  weighing  2  tons,  was 
then  successfully  suspended  across  the  chasm  at  St.  Vincent's  roeks.  Nine  coils  of 
this  kind  have  been  suspended,  a  strong  cradle  will  bo  attached  to  two  of  them  and 
swung  down  to  the  centre  of  the  chasm,  and  in  this  the  workmen  will  commence 
bolting  the  planks  for  the  platform,  gradually  completing  this  stage  as  they  near  the 
inclines,  the  declination  of  which  is  about  1  in  2\.  The  platform  completed,  a 
•'  traveller  "  will  he  attached  to  one  of  the  wire  cables,  and  the  chains,  <Src,  will  be 
conveyed  to  anypart  of  the  platform,  above  which  the  suspension  bridge  will  be  erected. 

MINES,  METALLURGY,"  &c. 

Northumberland  Coal  Measures. — A  report  has  been  made  to  the  River  Tyne  Im- 
provement Commissioners  by  Mr.  T.  E.  Foster  and  Mr.  John  Taylor,  relative  to  the 
existing  state  and  prospects  of  the  Northumberland  Steam  Coal-field  and  the  quantities 
that  may  be  expected  to  be  shipped  therefrom,  upon  the  Tyne.  They  report  that 
they  have  measured  the  respective  royalties  in  which  is  being  wrought  at  the  present 
time  the  Low  Main,  or  best  steam  coal  of  the  district  ;  and  after  making  full  allowance 
for  the  quantity  already  excavated,  loss  by  dikes,  small  coals  left  under  ground,  and 
screened  out  on  the  surface,  they  find  that  "there  is  sufficient  to  endure,  in  the  present 
rate  of  shipment  of  steam  coal  on  the  Tyne,  in  addition  to  the  portion  diverted  to  Sun- 
derland Dock,  for  a  period  of  110  years.  But  the  present  collieries  could  produce  from  20 
to  25  per  cent,  more  than  they  do  at  present,  were  the  demand  to  arise.  On  this  head 
there  would  be  an  increase  of,  say  300,000  tons;  a  new  colliery  is  being  opened  out  at 
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Camboise,  from  which  may  be  computed  an  annual  vend  of  160,000  tons,  and  from  Sleek- 
burn  80,000  tons ;  and  other  districts  adjoining,  160,000  tons— total,  700,000  tons.  The 
increase  of  the  steam  coal  trade  from  the  Tynehas  been  as  follows: — 1859, 1,275,707  tons; 
1860,  1,647,091  tons ;  1861,1,541,067  tons;  1S62,  1,955,586  tons.  Besides  the  Low  Main 
seam,  there  is  another  coal  called  the  Yard  seam,  which  is  capable  of  being  worked  in 
very  large  pieces,  and  combines  in  a  great  degree  many  of  the  excellencies  peculiar  to  the 
Low  Main  seam.  This  seam  is  almost  entire  throughout  the  district,  and  there  is  suffi- 
cient left  to  endure,  on  the  existing  vend,  for  a  period  of  60  years.  In  addition  to  the 
Low  Main  and  the  Yard  coal  seams  the  following  are  met  with,  more  or  less,  in  the  dis- 
trict ou  the  north  and  south  sides  if  the  Tyne: — The  Stone  coal  seam,  Bersham  seam,  six 
quarter  seam,  five-quarter  seam,  the  Townley  seam,  and  Walbottle  seam ;  and  to  the  north, 
some  distance  from  the  large  downcast  dike  of  90  fathoms,  the  High  Main  seam,  stone 
coal  seam,  Bersham  seam,  gray  seam,  Plessy  coal  seam,  and  Beaumont  seams.  These 
seams  are  not  now  in  operation,  because,  at  the  respective  collieries,  the  Low  Main  and 
Yard  seams  are  worked,  as  being  more  productive  of  profit.  But  there  can  be  no  doubt, 
as  these  are  all  workable  seams,  the  time  will  arrive,  as  demand  arises  and  coal  becomes 
further  enhanced  in  value,  that  they  will  come  into  operation.  As  regards  the  inferior 
prion  of  coal,  the  time  (110  years)  is  so  distant  when  the  steam  coal  of  the  first 
quality  will  be  exhausted,  andas  in  addition  the  Yard  seam  will  endure  60  years,  together 
17H  years,  Messrs.  Foster  and  Taylor  did  not  think  it  necessary  to  go  into  the  question  of 
the  quantity  of  inferior  coal  in  reserve,  excepting,  generally,  to  remark  that  the  various 
inferior  seams  of  coal  will  naturally  come  into  operation  as  those  of  superior  quality  are 
exhausted. 

Another  New  Metal. — A  letter  from  France  says  that  another  new  metal  has  been 
announced  there.  M.  Osravais,  Professor  of  Geology  at  Strasbourg,  has  ob- 
tained a  hard  shining  metal,  of  the  colour  of  gold,  but  soft  as  lead,  from  the  mineral 
waters  of  Alsace.  The  metal,  not  admitting  of  a  high  degree  of  polish,  will  he  useful 
to  employ  in  the  dull  or  coloured  goldsmiths'  work  so  much  in  lasbion  for  ornament  just 
now.  The  specimens,  submitted  to  connoisseurs  in  Paris,  have  excited  the  highest  ad- 
miration. 

Extracting  Gold  from  Quartz. — A  new  method  of  depriving  gold  ores  of  sulphur 
has  been  introduced  in  America.  It  consists  in  reducing  the  ores  to  line  dust,  then  forcing 
the  dust  by  a  draft  through  a  flame  of  pine  wood.  The  furnace  used  is  a  square  brick 
structure,  with  a  grate  about  3ft.  wide  by  4ft.  in  length,  and  3ft.  high,  in  which  a  fire  of 
common  pine  wood  is  built.  The  Hame  from  this  fire-place  escapes  into  a  chimney  built 
in  the  shape  of  a  muffle,  and  instead  of  rising  upwards,  runs  down  towards  the  lower 
floors  at  an  angle  of  45  degrees.  The  tube  containing  the  ground  quartz  enters  this 
muffle-shaped  chimney  at  its  upper  end,  just  where  the  blaze  from  the  furnace  enters,  and 
the  strong  current  carries  the  flame  its  whole  Ieneth.  There  are  several  round  holes  an 
inch  or  two  in  diameter,  at  intervals  of  about  3ft.  along  both  sides  of  the  chimney. 
Through  these,  when  the  apparatus  is  in  operation,  a  further  supply  of  air  than  that 
furnished  by  the  blower  is  sucked  in  and  assists  in  decomposing  the  sulphur  contained  in 
the  ore.  In  passing  down  the  flue,  or  chimney,  the  pulverised  ore  is  blown  through  a 
jet  of  flame,  as  dust,  from  a  distance  of  about  20ft.,  the  length  of  the  flue,  and  each  par- 
ticle being  separate,  is  surrounded  by  air  and  a  strong  flame,  and  it  becomes  red  hot, 
giving  oil'  it-,  sulphur,  arsenic  and  other  volatile  constituents.  After  passing  down  the 
Hoe,  it  falls  into  a  receptacle  of  brickwork,  whence  it  is  raked  out  upon  an  earthenware 
floor  to  cool.  The  ore  now  presents  about  the  same  appearance  as  that  burned  in  a  rever- 
beratory  furnace.  The  amalgamation  machinery  is  simply  an  arrastra  about  8ft.  in 
diameter,  witli  a  stone  bottom  and  dragstone.  By  this  process  three  times  more  gold, 
it  i-,  stated,  are  obtained  by  it  than  by  any  of  the  old  processes.  Sulphur,  arsenic,  and 
.art/  prevent,  in  a  mercury  from  amalgamation  with  the  gold. 

Pi  i  i vi -v.— Ai  the  Paris  Academy  of  &  iences,  a  communication  was  received  from 
Me  -r-.  Sai nt i-C lain- 1).- villi-  and  Troost,  showing  that  platinum,  though  apparently  a  most 
compact  metal,  will  admit  Of  th  tain  gases  through  its  pores  at  a  high 

eraturfc    To  ascertain  thl  of  the  paper  had  caused  a  platinum  tube  to 

be  drawn  all  of  one  piece,  so  as  to  be  free  from  all  solder,  and  to  present  an  uniform  and 
unbroken  surface.  This  platinum  tube  was  introduced  into  a  porcelain  one,  so  that  an 
empty  cylindrical  space  was  left  all  round  between  the  two,  properly  -.topped  at  each  end. 
Through  this  space  a  constant  current  of  hydrogen  was  made  to  pass  by  means  of  two 

.i  :.>.  allow  of  the  slightest  communication 
with  the  platinum  tube  which  was  filled  with  dry  air.  On  exposing  this  tube  to  a  high 
temperature,  the  air  by  degrees  lost  its  oxygen,  and  water  was  formed;  a  circumstance 
which  could  only  be  explained  bj  admitting  that  hydrogen  had  penetrated  through  the 
of  the  platinum  tube;  and,  on  the  temperature  being  further  raised,  a  considerable 
quantity  of  free  hydrogen  was  found  to  [sine  from  that  tube.  This  shows  that  platinum, 
at  a  high  tempera!  iloof  producing  the  phenomenon  of  endosmosis  with  gases. 

APPLIED  CHEMISTRY. 

OF  Sir.i'iifitoi's  Ann  IS  Tin  Sugar. — M.  A.  Reynoso  points 
out  the  use  of  calcium  bl  |  .-■ -judicial  rather  than  advantageous,  The  excess  of 
ai-id  uniting  with  oxygen  produce)  sulphuric  add,  which  reacts  upon  the  sugar,  convert- 
ing it  Into  gi  Imic  and  formic  acids,  and  ulmln,  thus  tend- 
ing to  product lour,  in  tead  of  bleaching  the  saccharine  liquid.    Hence,  he  states  thai 

when  the  sulphite  is  used  it  should  always  be  with  an  excess  of  lime.  It  is  Indispensable 
that  tb  ■  canc-juice  should  be  so  alkaline  as  to  turn  litmus-paper  blue.  In  the  absence  of 
litmus-paper,  the  alkallnitj  "I  the  i  srtained  by  its  turbidity,  and  by 

Ble  formation  of  a  pellicle  on  the  ireathedupon, 

I  WITH  N'muTis,  BT  .Mil  J.  IIohsi.kv,  P.C.8.     If  a  -mall  portion 
of  pyrogalllc  acid  from  the  poinl  m  a  penknife  be  projected  Into  a  Teasel  containing 

two  or  thr Irachri  r,  it  will,  In  H onrse  of  twenty-four  b 

rown  colour,  from  tin  From  the  air,  but  not  so  if 

the  p  i  i  in  water  acidulated  with  a  few  di  i]  filphurtc  add, 

It  therefore  occurred  to  me  as  an 

pertinents  prove:     it    Into  o  t«  t-glas    containing  drachms  of 

water,  acidulated  with  n  fen  drops  of  sulphuric  acid,  a  small  portion  of  pyrogalllc  add 

be  projected,  and  then  a  little    ir-.nv--iili.lii..-  carefully  trickled  down  the 

to  about  one-fourth  from   tho  bottom,  tittle  chs  i  ue  beyond  ■  fain!  violet 

red  line  at  the  point   r>l   contacl   of  the  two  fluids.      \   gt  -  odium 

i. Pled,  a  bri  i  .-  run-,  throughout  the  sulphuric  add  from  the  evolution 

lilorine,  which  somewhat  Increases  tho  violet  colour,  but  on  projecting  the  mere  i 

particle  of  a  solid  nitrate  I  aj  nitrate  ol  potash)  it  will,  on  falltog,  can  •  mu.-li 

Of  the  pyrogalllc  odd  as  to  bo  reacted  on  by  the  nitre  and  produce  an  Intones  purple 

Dolour,  which,  gradually  mixing  with  the  upper  layer  of  the  lotion, 

S  rings  of  orange-yellow,  bj  i mlng  oxydl  toftbe 

ipoxcd  nitric  acid  of  t  In-  nitrate.      On   the   Other   band,  if  III.-  ii  I. lived 

frith  two  or  three  timed  I  bulk  ol  chloride  of  sodium,  and  then  projected  through  the 
pyrogallic  acid  liquor  to  the    alphurio  nei.1  below,  no  purple  oo  iced,  but  till- 

ing eH'crvesccn.-e  cause-,  the  evolved  nitron  i  act  moro  uniformly  on  tin-  whole 

of  tho  pyrogalllc  add,  imparting  a  deep  orange  brown  odour,  su.-b  Is  the  lenalbUlty  of 
this  reaction,  thai  oven  a  drop  or  so  of  a  solution  of  a  nitrate  added  to  the  pyrogalllc 
liijunr  previous  t.i  the  projection  of  the  chloride  of  sodium  rufflcos  t..  how  the  discolour- 
ation caused  by  the  liberated  nitrous  odd,  the  Intervention  of  the  chloride  ol  sodium, 
from  thesmallness  of  the  nitrate,  bring  i  iroduotlgsi.  and  renders  It  more 

evident  than  when  the  nitrate  is  Used  alone,     Only  part,  li..ni-vr,  "f  the  drop  •■)  nitrate 


solution  which  comes  into  contact  with  the  sulphuric  acid  will  be  decomposed,  and  even 
that  is  sufficient  to  give  an  intense  colour.  The  nitrous  acid  evolved  from  nitrates  by  beat 
or  otherwise,  is  also  detected  in  its  dry  state  by  the  discolouration  of  a  piece  of  white 
paper  moistened  with  a  tolerably  strong  pyrogallic  acid  solution.  In  fine,  I  am  of  opinion 
that  this  method  of  testing  for  nitrates  and  nitrites  is  far  more  delicate  than  any  at 
present  in  use.  Simple,  easy  of  execution,  and  perfectly  unobjectionable.  It  is  desirable 
that  a  piece  of  white  paper  should  be  placed  at  the  back  of  the  test-glasses,  in  order  to 
show  the  reaction  best,  and  also  that  no  more  chloride  of  sodium  be  used  than  is  neces- 
sary, or  equal  to  the  sulphuric  acid,  so  as  not  to  lay  undecomposed  at  the  bottom  of  the 
glass.  Preference  would  appear  to  be  given  to  the  use  of  the  dry  salt  with  the  chloride 
of  sodium  rather  than  a  liquid  nitrate. 

Actios  or  SuLpnuR  on-  Saline  Solutions  having  an-  Alkaline  Reaction1. — 31. 
J.  De  Girard  has  observed  that  by  boiling  a  solution  of  soda  pyrophosphate  with  an  ex- 
cess of  well-washed  flour  of  sulphur,  the  liquid  rapidly  becomes  brown  in  consequence  of 
the  formation  of  polysulphide.  By  continuing  the  ebullition  for  several  hours,  hydro- 
sulphuric  acid  is  abundantly  evolved.  The  liquid  gradually  becomes  colourless,  mean- 
while disengaging  hydrosulphnric  acid.  The  filtered  liquid  contained  soda  hydrosulphite 
and  a  salt  of  phosphoric  acid.  Silver  nitrate  solution  was  added  as  long  "as  the  white 
precipitate,  first  formed,  was  rendered  black  by  the  formation  of  sulphide,  and  after 
separating  this  precipitate  the  filtrate  gave  a  yellow  precipitate  with  the  silver  solution. 
A  solution  of  sodium  sulphide  boiled  with  excess  of  sulphur  evolves  hydrosulphurie  acid, 
and  when  the  liquid  has  becomes  quite  colourless  and  neutral  to  test-paper,  it  contains 
only  soda  hyrosulphite.  Under  the  same  circumstances,  sodium  sulphide  alone,  decom- 
poses water  at  100°  C,  evolving  hydrosulphurie  acid.  Water  boiled  with  washed  sulphur 
is  also  decomposed  with  evolution  of  hydrosulphurie  acid. 

Xew  Mode  op  Producing  the  Anhydrides  of  Monobasic  Acids. — M.  H.  Gal  has 
obtained  acetic  and  benzoic  anhydrides  by  the  reaction  of  the  corresponding  chlorides 
with  anhydrous  baryta.  It  is  necessary  to  avoid  using  an  excess  of  baryta.  Anhydrous 
lime  and  oxide  of  lead  produce  the  same  result ;  the  latter  at  a  temperature  of  150°;  the 
former  with  such  violence  as  to  become  incandescent.  The  reaction  with  acetyl  chloride 
commences  at  the  ordinary  temperature,  and  is  completed  after  the  mixture  has  been 
kept  for  a  few  hours  at  100°  C.  In  the  case  of  benzoyl  chloride,  a  temperature  of  140° 
to  150  C.  is  required. 

On-  the  Electro-Chemical  Decomposition  of  Insoluble  Substances,  by.  M, 
Becquerel. — Whilst  seeking  to  oxidise  silicium  at  the  positive  pole,  in  distilled  water, 
with  a  pile  of  eighty  elements  of  sulphate  of  copper,  I  found  that  this  metalloid  is  not, 
as  has  hitherto  been  supposed,  a  non-conductor,  but  that  it  possesses,  when  traversed  by 
an  electric  current,  sufficient  conduetility  to  produce  remarkable  caloric  effects,  by  reason 
of  its  great  resisting  powers.  By  putting  small  cylindroid  crystals  of  silicium,  prepared 
by  M.  Deville's  process,  into  a  porcelain,  or  better  still,  a  platinum  capsule,  in  communi- 
cation with  one  of  the  poles  of  the  pile,  and  closing  the  circuit  with  a  platiuum-wire,  at 
least  one  millimetre  in  diameter,  then  by  simply  touching  with  this  wire  one  only  of  the 
crystals,  the  adjacent  crystals  become  incandescent.  All  the  crystals  follow  the  wire 
when  it  is  raised,  forming  a  small  chain  with  reddish  white  heat;  at  the  same  time  a 
white  smoke  arises,  more  or  less  visible,  according  to  the  force  of  the  pile,  aud  possessing 
an  odour  rather  like  that  produced  by  breaking  a  piece  of  flint.  The  intense  heat  is 
really  produced  by  the  resistance  offered  to  the  electricity  when  traversing  the  silicium  ; 
for  this  result  is  obtained  by  using  a.pile  of  such  force,  that  by  touching  the  platinum 
capsule  with  a  wire  of  the  same  metal  only  a  feeble  spark  is  emitted.  In  experimenting 
with  a  nitric  add  pile  of  twenty  elements  the  beat  is  so  intense  that  the  platinum  vessel 
is  perforated,  being  melted  where  it  becomes  in  contact  with  the  substance,  as  well  as 
end  of  the  platinum  wire,  and,  at  the  same  time,  a  white  smoke  is  disengaged,  with 
formation  of  silica,  deposited  as  powder  on  the  melted  platinum,  and  also  somesilicideof 
this  metal.  With  charcoal  electrodes  complex  effects  are  obtained,  resulting  from  their 
combustion  and  the  effects  above  described.  The  light  is  then  too  brilliant  to  be  borne 
by  the  naked  eye.  In  this  and  the  proceeding  instance  it  is  necessary  to  operate  on  a 
plate  of  rook  crystal,  the  surface  covered  with  silica;  under  the  microscope  this  .silica 
appears  to  be  in  a  vitreous  condition, 

Xi.w  METHODS  for  Testing  THE  Purity  of  Alcohols  and  Ethers  by  M.  ISeii- 
tiihi.ot. — Though  alcohols  and  ethers  have  been  carefully  purified  by  distillation  and 
j lion,  there  has  hitherto  been  in  most  eases  no  means  of  controlling  their  purity, 
The  following  are  the  results  of  my  researches  ■• — 1.  I  take  as  a  starting  point  the  fact 
that  a  compound  ether,  if  pure,  is  decomposable  by  an  alkali,  by  saturating  an  equivalent 
Weight  of  this  alkali.  By  this  means,  as  I  showed  about  ten  years  ago,  the  analysis  of 
ethers  and  analogous  compounds,   is  founded  on  an  alealimeti-i.-   lest ,  based   on  tho  use 

i.-iai-.i  solution  of  baryta.    2.  By  means  of  the  same  liquid  the  smallest  quantities 

Of  compound  Others  DM)  be  t gnisod  and  estimated  in  alcohol  or  in  simple  others,  pro- 

-.  di  -I  thl  bodies  are  nol  alterable  by  alkalies.  Ten  cubic  centimetres  of  a  standard 
.  oluti f  bant. a,  and  a  known  weight  of  the  hodv  to  be  tested,  are  enclosed  in  a  flask. 

It  is  then  heated  for  about  a  hundred  hours  al  100*;  if  Iheoioohol  is  pure,  as  is  ott. -i 

the  case  with  ordinary  alcohol,  the  standard  of  the  baryta  does  no!  change. 
Amvlic    alcohol,   mi    tlie    contrary,  almost    always   contains    a    small    quantity   of 

compound  ethers,  as  also  does  ordinary  ether,  .vi-u  after  digestion  on  milk  of  lime. 
Glycol  prepared  by  the  ordinary  methods,  and  reotitted  to  a  certain  point,  is  particularly 
Impure.  1  have  found  in  it  as  much  as'j::  per  cent,  of  combined  acetic  acid,  correspond- 
ing* to  10  per  cent,  of  monoacetlo  glycol.  This  lacl  mayocos  Ion  more  than  one  error, 
and  the  knowledge  of  it  will  be  useful  to  ohemi  il  occupied  with  this  ourlous  substance. 
.  e,  without  estimating,  of  a  neutral  ether  in  on  alcohol,  1  beat  the 

alcohol  with  t  n f  water,  for  twenty  hours  al  160°.    Most  of  the  neutral 

ether  changes  Into  add.  3,  The  presence  of  o  free  add  In  an  alcohol  or  an  ether  is  so 
easily  n  ed  that  1  Formio  others,  for  Instance 

are  alwa]    add;  bnl  -  prevent  the  exact  estimation  "i 

the  free  s  ttd.    The  free  add  of  ..ihcr  others,  on  thi ntrary,  con  be  pn  I  oatedt 

i.  Tho  i  mail  quantity  of  water  in  a  neutral  ether  may  be  detected  by  heating 

tier  to  160  during  twenty  or  thirty  bow      tho  wator  decomposes  an  almost  equiva- 
lent quantit]  ol  ether  Into  acid  and  alcohol.    The  add  Is  then  osttmated  bj  a  standard 

solutl fbaryta.  On  submitting  acetic  ether,  oarefull]  purified  bj  tb dinar]  method! 

to  thi .  test,  It  will  a  iii  great  dlffloulty 

eliminated.  :>.  fbc  presence  of  o  small  quantity  of  water  in  all  ohol  may  al  to  bt  detected 
by  mixing  the  alcohol  with  onhydroris  compound  ether,  tested  as  above,    it 

Is  then  heated  for  tn  II  the  alcohol  Is  anhydrous  the 

mixture  should  nol  become  add.    0.  The  presence  of  ■  small  quantity  ol  alcohol  in  a 

oentral  and  anhydr her,  aoetlc  ethor  for  led  bj  heating  the 

ether  with  a  known  wen-lit  ol  pure  acetlo  acid,  Tho  standard  ol  the  add  will  diminish 
according  to  the  amount  of  alcohol. 

.Mwiien iimi.i   oi    Znro,     \n  Invontl  led  Lv.Mr.i.- 

Darlington,  of  Minora,  winch  com  i  i  -  In  mil  ng  lino .  with  or  without  ilux,  with  any 

post   of  reducing  mail  ores, 

-.  with  aiitbri.it il.    lie  expo  -     the  sold  mixture  »■>  the  aonon  of  heal 

i  the  combo  t i  a  further  quantltj  I,bj  placing  II 

in  ii  I.I  i  I. -.•  where  a  bar  or  perforated  plate  grate,  the   ash-pit   U) 

which  Is  closed,  and  which  fbrm  the  air-chamber  for 'he  reception  of  air  furnished  for 

the  combustion  ol  tb  ol  his  furnace,  either  bj  fan  or  otherwise.    Thofurni 

Is  an  opt  i  llectlng  apparatus  abovi  tho  furnace,  and  Into  this  the 

gases  are  turned  as  soon  at  the  green  tint  Indicating  the  formation  of  zinc  oxide  slew 
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LIST  OF  APPLICATIONS  FOK  LETTERS 
PATENT. 

wb  have  apoptkd  a  new  arrangement  of 
the  Provisional  protections  applied  for 
eyInventors  at  thk  Grkat  Seal  Patent, 
Office.  If  an?  difficulty  should  arise 
with  referrncb  to  the  names,  addresses, 
or  titles  given  in  thf,  list,  the  requi- 
site information  will  be  furnished,  free 
of  expense,  from  the  office,  by  addressing 
a  letter,  prepaid,  to  thl  editor  of 
"The  Artizan." 

Dated  May  26th,  1863. 

1321  A.  Haley— Jacquard  looms. 

1322  J.  Munro  8c  R.  Scott—  Moving,  minina-,  and 
excavating,  or  cutting,  motive  power  engines, 
and  pressure  gauges. 

1323  E.  K.  Dutton— Cleansing  seed  cofton. 

132-*  M.  Henry— Raising,  forcing,  and  moving 
fluids. 

1325  J.  Buckingham—  Plnigns. 

1326  F.  W.  &  J.  Kit  son— Tyres  for  railway  wheels, 
and  securing  the  same  to  the  wheels. 

1327  W.  E.  Newton — Separating  the  fibre  from  the 
flesh  of  plants. 

Dated  May  27th,  1853. 

1328  A.    P.   Hernandez   &  P.  B.   Creepy— Soap  of 
|    rice. 

1329  "YV.  Clark — Offensive  and  defensive  arms. 

1330  A.  Bastow — Looms  for  weaving", 

1331  H.  C.  Coulthnrd— BlaH  engines. 

1332  H.  J    Kennard— Wrought-irun  cylinders. 

1333  C.  Gammon — Spring  fastening". 

1334  W.  Palliser — Projectiles  for  ordnance. 

Dated  May  28th,  1363. 

1335  F  R.  Pilatz— Producing  ornamental"  surfaces 
for  decoration. 

1336  W.  I.  Ellis— Steam  boilers. 

1337  C.  T.  Boutel — Instrument  for  measuring  dis- 
tances and  altitudes 

1338  G.  Gore— Gas  burners  and  furnaces. 

1339  C.  E.Laederich— Watches. 

1340  H.  Cnrtwright—  Steering  vessels. 

1341  C.  Yr  Baxter— Hollow  elastic  stopper  for 
bottles  and  jugs. 

1342  T.  Richardson  &  R.  Irvine— Treating  the  waste 
liquor  obtained  in  the  preparation  of  esparto 
grass. 

1343  F.  Osbourn— Pressing,  smoothing,  and  finish- 
ing garments. 

1344  H.  T.  "White — Hats,  caps,  and  other  coverings 
for  the  head. 

1345  T.  Jarvis— Obtaining  vegetable  extracts. 

1346  R.  A.  Broomau— Paddle  wheels. 

1347  W.  Needham  &  J  Kite— Expressing"  liquid 
and  moisture  from  substances,  smd  separating  the 
liquid  from  the  solid  portions  thereof. 

Dated  May  29th,  1863. 

134fi  E  Ironmonger— Loose  clip  and  socket  joint. 

1349  A.  Abadie— Railway  breaks. 

1350  W.  Loeder— Rails  for  railways. 

1351  J.  J.  Potel— Accelerating  the  draft  in  furnaces 
and  fire-places. 

1352  G.  H  Pierce— Heating  buildings  by  meins  of 
hot  water. 

1353  R.  Barker— Matches, 

1354  W.  Green— Producing  black  colouring  matters 
or  pigments. 

1355  J.  H.  Johnson— Lubricating  material. 

135(1  F.    Patureau— Card    bjard  or   paper  boxes  or 
I      receptacles. 


Dated  May  30th,  1SG3. 


i  of  motive  power. 
Jg    and    applying 


1357  E.  T.  Huc-hes— Transmi; 

1358  E.    P.    Mosmau  —  Obti 
motive  power. 

1359  J.  Heard — Distributing  manure, 

1360  V.  Baker— Ordnance. 

1361  S.  Bates  It  J.  Jardine — Carriages  used  in 
mnchint-s  employed  in  the  manufacture  of  lace  or 
other  fnhrics. 

1362  W.  Clark— Manure. 

Dated  June  1st,  1863. 

1363  J.  Henson — Railway  carriages. 

1864  J.  Clulmers— Armour  for  forts  and  floating 
h:\ttericB.  ° 

1365  W.  Clark— Printing  fabrics,  papers,  and  other 
surfaces  in  colours. 

1366  F.  W.  Smith— Conveying  goods  from  aware. 
house  or  vessel  by  pressure  or  air  or  by  vacuum 
and  atmospheric  pressure. 

13fi7  L.  S.  Chichester — Drying  grain. 
1368  J.  Davey— Horse  rakes. 

1809  A.V.  Newt  n— Mnvline  spike. 

1370  C.  Belcher— Cutting  and  transplanting  turf. 

1371  H.  C.  Coulthard-Paeking  tor  ihe  glands  of 
piston  rods  aud  oiher  moving  mechanism. 

Dated  June  2nd,  1863, 

1372  J.  Mellard  —  Double  moulding  or  ridirliiv 
ploughn.  b     ° 

1873  A.  lllingworth— Boots  nnd  shoes. 

1374  J.  H    Brierlcy— Application    of  leather  in  the 

manufiHtor-  <>t  gentleman's  scarfs  and  ties. 
13,5  G,  H    Cottiim-Saddle  bracket    and  bricks  for 

paving  ■tables. 
1376  1).  Wilson  &  E.  A.  Cowper-Presscs 
1877  «.  A.  Barrett,  W.    EihuU.    C.  J.  Andrews,  & 

A.  Burn-It—  Valves   tor   regulating    the    speed  of 

Hicam  engines. 
1378  T.  Page— Shoeing  horses. 


1379  E.  J.  Jarry— Cleaiing  and  ploughing  land  by 
steam  or  other  power. 

1380  E.  H.  Letang— Ruling    and  printing  machine 
to  be  used  either  combined  or  separately. 

1381  R.  Crawford— J acquard  machines  for  weaving 
oruamen'al  fabrics. 

1382  T.  Agnew— Coating  moulded  or  other  surfaces 
with  composition. 

1383  W.  Gleave  8c  T.  Young— Supplying  water  to 
steam  boilers. 


Dated  Junk  3rd,  1863. 

1384  J.  Travis — Preventing  incrustation  in  steam 
boilers,  steam  generators,  and  fuel  economisers. 

1385  E.  A.  Locke— Securing  identifying  labels  or 
tags  to  bales  of  fibrous  material. 

1386  T.  Claridsre — Spur  wheels  used  in  the  construc- 
tion of  mill  and  forge  gearing. 

1387  G  Davies— Ginnmsr  cotton. 

1388  W    Lee  &  J.  G.  Winter— Steam  fire-engiues. 

1389  F.  S.  Barff  —  Protecting,  preserving,  and 
hardening  surfaces  of  brick,  cement,  stone,  and 
stucco. 

13P0  J.  J.  McComb— Presses  for  forming  bales  of 
cottou  and  other  materials,  and  fastenings  for 
and  means  for  applying  bands  to  such  bales. 

1391  J.  Portlock — Alarum  apparatus. 

1392  J.  Maurice — Instruments  for  ruling. 


Dated  June  4th,  1S63. 

1393  S.    Blake,  T.   Lee,    &  R.   Dutton— Flour  and 
meal  mills. 

1394  H.  Rigby— Steam  boilers   and  furnaces  for  the 
consumption  of  smoke. 

1395  M.  V.  L.  de  Wailly— Preservation  of  carpets 
from  the  effects  of  dust. 

1396  H.  Pollack— Scarlet  colour. 

1397  W.    E.    Newton — Casks,   barrels,    kegs,    and 
other  analogous  articles. 


Dated  June  5th,  1863. 

1398  S.  S.  B.  Gnillaume— Bricks. 

1399  F.  A.  Calvert— Steam  engines,   steam   boilers, 
and  steam  heating  apparatus. 

1400  R.  W.  Sievier— Jacquard  machines. 
14^1  A.  Q.  de  Gromard— Musical  instruments 

1402  R.  iA     Brooman — Treating    liquorice    root    to 

f-brain  liquid  anil  sol  d  extracts  therefrom. 
1413  T.    Gray— Flax,   hemp,    and    other    vegetable 

fibrous  substances  in  onler  to  bleach  and  separate 

the  fibres 
U04  J.  Petiinun— implemtnts  for  the  cultivation  of 

the  soil. 

1405  W.    Clark  —  Distillation   and    separation    of 
hydrocarburets  and  their  derivatives. 

1406  J.  H    Johnson — Smoothing  irons. 


Dated  June  8th,  1863. 

'407  W.  A    Brown— Indicator  for  railway  trains. 

1408  R.  Wallis — Loading  and  unloading  vessels, 
and  elevating  and  otherwise  couvevinsr  sacks, 
c  ska,  and  other  packages  and  parcels  from  one 
locality  to  another. 

1409  A.  J,  Hollmg. worth  —  Spirit  compass  with 
screw  lever. 

1410  C.  E.  Newcomen— Treatment  of  peat  and  other 
substances  containing  moisture. 

1411  J.  Hogg— Show  cards. 

1412  N.  Walton— Drying  and  airing  clothes 

1413  W.  C.  Brocklehurst,  J  Creightou,  C.  Makin- 
son,  &  J.  Creighton— Winding  yarns  or  threads. 

1414  W.  Miller— Ships,  vessels,  and  boats. 

1415  W.  Clark— Mouuting  and  fitting  bedsteads, 
chairs,  and  other  moveable  seats  on  board  ship 

1416  W.  Clark— Device  for  turning  cross  head 
wrists  or  pins,  or  for  turning  any  cylindrical  part 
ot  machinery  which  is  secured  between  two  arms. 

1417  E.  A.  Schofield—  Paring,  rasping,  and  scraping 
the  edges  of  boot  and  shoe  soles  and  heels. 

1418  G.  W.  E.  FriedeHch— Ink 

1419  W.  E.  Gedge— Kites. 

1420  J.  G.  Jones  &  R.  Ridley— Working  coal  and 
other  mines. 

1421  E.  Humphrys— Surface  condensers. 

1422  R.  C.  Furley— Castor  and  ether  oils  for  medi- 

1423  H.  Reynell— Substitute  for  ordinary  felt  and 
kamptulicon. 

1424  W.  E.  Newton— Needles. 

1425  W.  E.  Newtou— Nozzles  for  hose  and  water 
discharge  pipes. 

1426  J.  Petrie— Washing  wool  and  oth-r  fibrous 
materials. 

1427  T.  Page — Prope.ling  vessels. 


Dated  Jiins  9th,  18G3. 

1428  G.   Hills  — Obtaining  cer'nin    products    from 
hops. 

1429  B.  Dobson  fc  D.  Greenhalgh— Preparing  cotton 
and  other  fibrous  substances. 

1430  E.  Barlow,  J.  Newhouse,  F.   Hamilton,  &  W. 
Hope— Grinding  card  tee-h. 

1431  C.  Nicquet— Sorting  and  washing  ores. 
x432  J.  Edwards— Railway  chairs  and  sleepers 

1433  R.    A.    Brooman—  Distillation    of  bituminous 
substances. 

1434  J.  Murray— Holders  for  inserting  and  fixing 
photographic  pictures  in  albums. 

1435  H.  Martin— Treating  and  preparing  nighr.  soil 
and  sewage  with  other  materials  as  a  mauure. 

1436  M.  Siegrist—  Fountains. 

1437  W.  E.  Newt  n— Propulsion  of  ships  and  other 
vessels. 

1438  H.    F.    McKillop— Compositions    for     coatiug 
spins  bottoms. 

1439  H. Bessemer— Hydrostatic  pressesand hydraulic 
apparatus. 

Dated  Junk  10th,  1363. 

1410  W.  Madders— Ornamental  fabric. 

1411  R.  Aitken— Permanent  way  of  railways. 
H42  W.  Roberts— Steam  boi'erB. 


1143  T.  Adams— Slide  and  other  valves. 

14-14  J.  Brooke— Miners'  lamps. 

1445  W.  Wells  &  J.  W.  Myers— Obtaining  artificial 

light  fiom  volatile  liquid's  or  fluids. 
141ti  T.  Evaus  &  E.  Hugh  s— Applying  one  it  more 

colours  of  ink  to  type  in  letier-press  printing  by 

hand. 
1447  W.  Clark — Locomotive  apparatus. 

Datbd  June  11th,  1863. 

144S  M    Hatschek— Mashing. 

1449  W.  Clark— Obtaining  and  applying  motive 
power. 

1450  T.  M.  Harrison— Metallic  casks. 

1451  M.  Henry — Treating  (loss  silk  and  silk  waste. 

1452  J  F  Kain — Umbrellns,  parasols,  sunshades, 
walking  sticks  and  whips,  and  brooches  and  other 
ornaments. 

1453  E.  Deaue — Cooking  and  culinary  utensils. 

1454  C.  L.  V.  Tenac— Railway  wooden  sleepers. 

1455  C.  L.  V.  Tenac — Daily  balance  book  with 
moveable  tickets  or  slips. 

I4.1 6  J.  Webster-  Indurating  iron,  and  protecting 
iron  and  steel  from  oxidation. 

1457  W.  Walton — Pneumatic  hammer. 

1458  J.  A.  Schlumberger— Preparation  of  aniline 
dyes  or  colouring  matters  for  dyeing,  staining, 
or  printing  textile  substances. 

1459  W.  Seed—  Di awing,  slubbing,  roving,  and 
spinning  cotton  and  other  fibrous  material, 

1460  E.  O.  Hallett— Sides  of  ships,  batteries,  and 
fortifications,  and  applying  armour  plates  thereto. 

1461  J.  Johnson — Lubricating  apparatus  tor  the 
cylinders  of  steam  engines. 

146*  J.  Johnson  &  W.  Braithwaite—  Reversing 
levers  for  locomotive  engines  and  others 

1463  T.  A.  Elliott— Reefing  topsails  and  courses. 

Dated  June  12th,  1863. 

1464  W.  Sims — Compound  extract  for  the  cure  of 
deafuess. 

1465  F.  A  &  F.  Calvert — Burring,  ginning,  clean« 
ins",  and  carding  cotton. 

1466  G.  Davies— Currying  and  cleaning  leather. 

1467  J-  Place — Materials  for  the  purposes  of  sireing 
and  stiffening. 

1468  J.C.Wilson— Reducing  cocoa  nut  kernels  and 
other  substances  to  a  state  of  pulp. 

1469  J.  C.  vv  ilson — Unhuskiug  rice  and  other  seeds. 

1470  G.  Bedsou— Cupolas  aud  blast  furnaces 

1471  T.  C.  March— Ornamentation  of  articles  of 
furniture 

1472  T.  H.  Milner— Thrashing  machines. 

1-173  R.  Hughes — Scraping  aud  sweeping  turnpike 
and  other  highways,  carriage   drives,    and  foot- 

1474  H  S.  Barron— Steam  fire  engines. 

1475  J.  F.  Toue — Prevention  of  smoke  in  steam  aud 
o  her  furnaces. 

1476  G.  Davidson— Paper  bags. 

1477  J.  Jones— Gas  regulators. 

Datrd  June  13th,  1863. 

1473  G.  Davies — Oiling  journals  or  axles. 

1479  T.  Wrigley— Filtering   or  cleansing  water  or 

other  fluids. 
14S0  J.  Hopkinson— Fastening  the  ends  of  metal 

bands. 

1481  W-  N.  Hu'.chinson — Cleansing  ships'  bottoms 
and  fcidrs. 

1482  R.  Blackburn — Traction  engines. 

1483  T.  A.  Elliott— Ballasting  ships  and  other 
vessels. 

1484  A.  Mehu— Helm  for  working  the  rudders  of 
ships  or  vessels. 

1485  J.  S.  Benson  &  D.  Jones— Removable  head  for 

14*6  M.  B.  Westhead— Adapting  tapes,  ribbons, 
and  other  such  nairow  fabrics  or  thread  to  sur- 
faces from  which  they  may  be  unwound,  or  upon 
which  they  mav  he  rewound, 

1487  I.  G    St  W.  Bass— Nails  aud  spikes. 

1488  H.  G.  W.  Waff  staff—  Feeding  steam  boilers 
with  wafer. 

1489  S.  S.  Robson— Working  the  rudders  of  vessels 
and  auxiliary  steering  apparatus. 

1490  J.  Shand — Steam  fire  engines  and  boilers. 

Dated  Junk  15th,  1863. 

1491  W.  W.  Box— Firebars  for  the  boilers  of  loco- 
motive and  other  engines,  and  fire  boxes  and  fur- 
naces generally. 

1492  J.  Forrester — Bricks,  quarries,  slabs,  tiles, 
earthenware  pipes,  and  other  earthenware  or 
ceramic  articles. 

1493  T.  Cope— Rocking  horses. 

1494  H.  B.  Barlow— Opening  nnd  cleaning  cotton 
iind  other  fibrous  substances. 

1495  I.  B.  Harris— Flexible  and  other  tubes. 

1496  J.  Juckes,  jun. — Furnaces. 

1497  C.  Petitjean— Glass. 

1198  R.  W.  G«.rdon  —  Spinning  flax  and  oth^r 
fibrous  substances. 

1499  W.  Clark— Engine  for  obtaining  motive  power 
from  steam  or  other  liquid. 

1500  P.  |\  L  Stafford— lire-arms. 

Dated  June  16th,  1863. 

1501  J.  J.  Shedlock — Valves  for  the  passage  of 
steam,  gas,  and  fluids. 

1502  F.  S.Williams— Shaping- plastic  materials  and 
hut  but  not  melted  metals  by  means  of  pressure, 
percussion,  or  rolling. 

1503  W.  JVlanwaring — Harvesting  machines. 

1504  R.  Grogan  —  Graveling  and  macadamizing 
roads  and  paths. 

1505  J  Linhtfoot — Fixing  mordants  in  the  processes 
of  dyeing  and  printing  textile  fabrics  anil  yarns. 

150G  J.  G.  Jennings  &  M.  L  J.  La yater—  Mould iug 
and  vulcanizing  articles  of  india  rubber. 

1507  W.  Score — Candles  aud  soap. 

1508  J,  Steele  &  W.  Mason— Removing  the  bran  or 
outer  skin  from  wheat  or  other  grain. 

1509  A.J.  Fraser— Apparatus  applied  to  honse  and 
carriage  window  sashes  for  the  working  and  fas- 
tening thereof. 

1510  W.  Neill.jun. — Steam  engines. 

1511  J.  C.  Onions— Smiths'  and  other  bellows. 


1512  R.  A.  Brooman— Preserving  the  silvering*  or 
quicking  on  glass,  and  glass  vessels  for  silvering 
or  quic%ing. 

Dated  June  17th,  1863, 

1513  W.  H.  Dawes— Iron. 

1514  J.  Ban  well— Collecting  and  placing  in  rows, 
or  collecting  and  elevating  into  a  waggon  or  else- 
where hay,  corn,  or  o  her  agricultural  produce. 

1515  J.  Mills— Square  rigging  of  vessels. 

1516  J,  Newnam — Boiliug  m  vacuo  at  alow  tem- 
perature. 

1517  J.  F.  Spencer— Steam,  gas,  and  water  tube 
joints. 

1518  W.  Crofis— Production  of  fabrics  by  lace 
machinery. 

1519  F.  de  Wyldc— Preservation  of  lead  surfaces 
exposed  to  the  action  of  water,  and  for  the  pro- 
tection of  such  surfaces  from  decomposition  by 
atmospheric  action. 

1520  E.  Wolf— Article  or  means  for  use  in  smoking 
tobacco. 

1521  T.  Purdie— Plastering,  colouring,  and  decora- 
tion of  walls  and  ceilicigs. 

1522  A.  Samuelson— Evaporating  liquids. 

1523  XV  Naylor — Compressing,  holding,  and  regu- 
lating the  pressure  of  gas. 

Dated  Junr  18th,  1863. 

1524  J.  A.  Sparling— Twisting  and  winding  silk. 

1525  J.  L.  Ganne — Toy  pistols. 

1526  W.  S.  Lowe  Ik  J. Cheeiham— Self-acting  mules 
for  spinning  cotton  and  other  fibrous  materials. 

1527  D.  Barker — Treatment  and  preservation  of 
yeast. 

1528  J.  Rolph  &  A.  Heald— Sewing  machines. 

1529  E.  Ivett— Tiles. 

1530  R.  Jobson — Moulds  for  casting  metal. 

1531  E.  Gossiava — Bolts,  rivets,  and  spikes. 

Dated  Junb  19th,  1863. 

1532  H.  Reynolds— Rendering  atmospheric  air  fit  for 
illuminating  purposes,  and  of  incensing  the  illu- 
minating power  of  inflammable  »as. 

1533  E.  Howavthand  J.  Brown— Steaming  cotton  or 
other  fibrous  substances. 

1534  S.  Middleton — Iron  or  other  metal  shoes,  and 
the  securing  the  same  to  the  hoofs  of  horses  and 
other  animals  without  nails. 

1535  R.  Marrison — lireech-loading  fire.nrms. 

1536  H.  A.    Bonneville— Bolts  and  rivets 

1537  A-  Morel — Combing  wool  and  other  fibrous 
material. 

1538  A.  Mere' — Tmction  engines. 

1539  J.  "Watts— Malt. 

1540  W.  Hicklen — Metal  screens  and  sieves  for 
screening  and  sifting. 

1541  W.  E.  Ne,\ton— Pipes. 

1542  M.  Henry — Decorticating  grain  and  seeds,  and 
the  application  of  the  products  obtaintd  by  and 
materials  used  in  decorticating. 


Dated  June  20th,  1863. 

1543  T.  Smith,  T.  Moore,  &  M.  Burrell— Reels 
covered  with  silk  or  other  suitable  material  used 
as  machines  lor  the  purpose  of  dressing  flour. 

1544  Y.  Meirat — Propelling  vessels  by  water  power. 

1545  D.  D.  Kyle— Baths. 

1546  G.  Haseltin — Oil,  more  especially  designed 
for  mixing  paints  and  colours,  and  new  mode  of 
manufacturing  the  same. 

1547  H.  Brownlee — Sawing  machinery. 

1548  P.  Fassio — A  system  of  several  fire  places  to 
one  chimney. 

1549  G.  Brixey — Cleaning  spcons  and  forks. 

1550  C.  Petersen — A  new  material  or  compound 
applicable  to  the  mnuufacture  of  pipes  or  tubes, 
to  caulking  or  covering  ships'  bottoms,  and  to 
other  useful  purposes. 

1551  J.L.  Clarke — Turning  over  the  leaves  of  music 
Hnd  other  books 

1552  H.  Macaulay — Covers  or  appliances  for  the 
rims,  borders,  or  top  eLges  of  chamber  utensils, 
applicable  also  to  commodes  and  water  c loss ts. 

1553  F.  Jeukin-Electric  tell-tale  compass. 

155-i  T.  N  Goll — Mouutingsor  settings  for  precious 
or  other  stones. 

1555  W.  L.  &  T.  Winans — Construction  of  steam 

1556  W.  L.  &  T.  Winans— Couplings  for  propelling 
shafts  of  ships  or  vessels. 

1557  W.  L.  lit  T.  Winaus— Propelling  ships  or 
vessels  for  ocean  navigation. 

1558  W.  L.  &  T.  Winans— Propelling  ships  or 
vessels  for  oceau  navigation. 

1559  W.  Chirk— Paper  pulp. 

1560  J.  Booth — Winding  machines. 

Datfd  Junk  22nd,  1863.  1 

15G1  J.  Sainty — Turnip  cutter  for  cutting  the  hist 
slice. 

1562  E.  Wilks — Portmanteaus  and  trunks. 

1563  A.  Twaddell— Size:ng  or  preparing  warps. 

1564  J.  McLean — Treating  oil  from  shale  or  other 
bituminous  minerals  and  similar  oils,  to  obtain 
various  nrcducts  therefrom. 

1565  W.  Snell— Cannon,  with  arrow-shaped  pro- 
jectiles. 

1566  F.  Boult — Obtaining  patterns  or  designs  for 
the  arts  ami  manufactures. 

1567  L.  A.  Majoher — Apparatus  lor  carburetting 
gases. 

1568  W.  Rowan— Pistons. 

I56d  W.  Clark—  Charging  air  with  combustible 
vapours. 

1570  W.  L.  &  T.  Winans — Propelliug  ships  or 
vessels. 

1571  W.  L.  &  T.  Winans— Propelling  ocean  steam 
vessels. 

1572  *V.  L.  &  T.  Winaus — Construction  or  arrange- 
ment of  the  working  parts  of  engines  for  actuat- 
ing the  propelling  shafts  of  steam  vessels. 

1573  W.  E.  Newton — Priutiug  machinery. 

1574  C.  T.  Burgess— Reaping  machines. 
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OX  IRON-CLAD  SHIPS,  WITH  PLANS  AND  SPECIFICATIONS 
OF  AN  ARMOURED  CORVETTE  PROPOSED  FOR  THE 
UNITED  STATES  GOVERNMENT. 

By  Jonx  W.  Ntstboii,  C.E. 

{Illustrated  ly  Plate  244.) 

From  the  Journal  of  the  Franklin  Institute. 

Armoured  ships  are  yet  experiments,  and  a  subject  now  of  considerable 
importance  in  this  country.  It  is  a  rather  difficult  undertaking  to  com- 
bine all  requirements  of  an  iron -clad  man-of-war,  particularly  for  one  of 
small  size  and  for  shallow  water.  The  most  important  requirements  are, 
— impregnability,  speed,  superior  ordnance,  good  sea-going  and  sailing 
qualities,  comfort  on  board,  simplicity,  and  no  complicated  machinery,  and 
lateral  strength  of  the  hull  of  the  ship,  all  of  which  are  to  a  certain  ex- 
tent combined  in  the  corvette  about  to  be  described. 

In  Angnst,  1861,  and  February,  1862,  the  Navy  Department  at  Wash- 
ington invited  the  ingenuity  of  the  country  to  make  proposals  for  the  con- 
struction and  building  of  iron -clad  steamers,  which  was  at  both  times 
promptly  responded  to  by  a  great  many  plans,  of  which  the  corvette  herein 
described  is  one  of  the  two  submitted  by  the  writer. 

The  two  sizes  of  armoured  steamers  which  I  proposed  to  build  were 
constructed  to  accommodate  the  stipulations  of  the  Navy  Department's 
advertisement.  It  is,  however,  believed  that  smaller  boats  would  answer 
better  for  the  present  requirement  peculiar  to  the  country,  but  in  all  cases 
small  gun-boats  are  best  suited  for  home  service;  a  greater  number  could 
be  built  in  a  shorter  time,  which  would  be  more  effective  in  blockading 
the  long  American  coast.  Armoured  gun-boats  of  125  feet  long,  20  feet 
wide,  with  only  7  feet  draught  of  water,  mounting  one  or  two  heavy  guns, 
could  go  by  inland  navigation  from  New  York  to  Fortress  Monroe ;  they 
could  even  be  made  to  draw  10  feet  water  by  taking  in  coal  and  ordnance 
after  arriving  in  sufficiently  deep  water.  The  object  of  which  would  be 
to  surprise  or  attack  an  enemy's  fleet  at  Sandy  Hook,  Delaware  Ray,  or  in 
the  Chesapeake.  If  the  Navy  Department  would  allow  themselves  to 
part  from  the  Erie  experiment  principle  and  employ  our  present  know- 
ledge in  steam  engineering,  gun-boats  of  this  size  could  easily  be  made  to 
carry  fuel  for  six  days'  steaming.  A  number  of  small  gun-boats  are  not  so 
etsily  surprised,  and  if  a  blunder  is  made  in  one  or  more  of  them  the  risk 
is  not  so  great  as  in  a  line-of-battle.  They  are,  however,  easier  managed, 
and  if  damaged  they  can  go  behind  islands  and  shoals  out  of  the  reach  of 
the  enemy's  fire.  An  experimental  gun-boat  of  this  size  could  be  built  in 
two  months,  and  if  proved  successful  almost  any  number  could  be  built  in 
the  next  two  or  three  month-. 

Armoured  ships  must  yet  be  considered  an  experiment,  for  which  a  num- 
ber of  large  ones  bears  a  greater  risk  in  expense  and  blunders.  The  large 
size  armoured  steamers  built  in  European  navies  are  intended  more  for 
service  abroad,  for  which  they  arc  well  suited  and  less  expensive  than  :i 
number  of  smaller  ones,  but  our  case  is  of  a  different  nature. 

In  the  Russian  war  with  England  and  France,  an  English  officer  pro- 
posed a  plan  to  attack  : 1 1 ■  •  I  bombard  Cronstadt  with  a  Dumber  of  small 
gun-boats,  which  was  considered  the  most  safe  and  effective,  but  peace  was 

1  and  the  plan  abandoned. 

A  corvette  on  the  plan  abonl  to  be  described  will  be  as  impregnable  as 
any  ironclad  now  building  in  Europe.     A-  regards  speed,  tie'  c Iltioni 

et  forth  in  the  Navy  advertisement  were  -oh  that  speed  i id  n  I 

m  be  attained,  for  the  greatest   ipeed  I  can  with 

knots,  but  am  able  to  construct  au   iron  clad  of  the  same  or  smaller  size 

ith  15  knots  per  hour.    Although   speed  Is  of  great    importance,  there 

re  DO  men  of  w  ar  in  the  I'.  S.    Navy    with    g  of  the 

on-clnds  lately  built  can   hardly    walk    by   themselves,    but    must    have  a 

Dw-boat  to  help  them  alongj  also  the  gun-boats  built  on  the  Erie  expert- 
pent  principle  can  only  walk. 
The  sea-going  and  -ailing  qualitii 
liut  of  any  merchant  vessel  of  the  same  proportions  ;  it  is  in  every  respect 

ship-shaped  i !.      A   man-ot'-w  ar  may  come    in  battle  OHM    or  twice,  or 

ay  a  dozen  times  in  a  lifetime;   it  would  he  improper  t  I  MCrtflcS  comfort, 

Health,  and  life  for  some  temporary  Importance]  iii  the  corvette  proper 


attention  is  paid  to  the  comfort  of  officers  and  men  on  board  by  a  house 
placed  between  the  cupolas  on  the  main  deck.  This  house  does  not  inter- 
fere with  the  proper  management  of  a  battle, — should  it  be  injured  by  the 
enemy,  repair  it, — should  it  be  shot  away  entirely,  build  a  new  one. 

The  lateral  strength  of  an  armoured  ship  for  shallow  water,  requires  the 
greatest  consideration  both  in  design  and  workmanship :  wooden  vessels 
can  hardly  be  made  strong  enough  for  that  purpose.  An  iron- clad  now 
building  at  the  Philadelphia  Navy  yard  will  hardly  have  lateral  strength 
enough  for  the  waves  of  the  Delaware  breakwater. 

Specifications  of  an  Armoured  Corvette  icith  six  \l-inc7i  guns. 

In  the  accompanying  Plate  2 14,  Fig.  1  is  a  longitudinal  section,  showing 
the  internal  arrangement,  and  Fig.  2  a  plan  of  the  boat ;  the  arrows  show 
j  the  limit  of  angle  in  which  the  guns  can  be  trained  in  each  port  hole. 

Fig.  3  is  a  transverse  section  through  the  line  A  B,  Figs.  1  and  2,  showing 
the  armour  guards  and  cupola  with  one  gun.  The  armour  guards  above 
the  water  line  are  at  an  angle  of  45°  and  of  5  inches  thick  iron  plates ; 
under  the  water-line  the  guards  are  at  an  angle  of  67 -V°,  and  of  three 
inches  thick  iron  plates. 

Fig.  4  is  a  plan  of  the  cupola,  showing  the  three  guns,  of  which  it  is 
proposed  to  use  two  at  a  time,  and  have  one  for  reserve  in  case  the  others 
should  got  injured  or  hot  during  the  firing.  With  some  practice  it  might 
be  possible  to  employ  the  three  guns  at  the  same  time,  dependiug  on  the 
enemy's  position. 

Fig.  5  represents  the  outer  appearance  of  the  corvette,  with  two  armour 
cupolas  on  deck,  in  each  of  which  are  to  be  placed  three  11-iuch  guns. 

Dimensions  of  the  Boat. 

Length  on  the  water-line 225  feet. 

Hreadth  of  beam  moulded 40     „ 

Extreme  breadth  over  guards  45      „ 

Draft  of  water  12      „ 

Greatest  immersed  cross  section  136  square  feet. 

Greatest  cross  section  including  guards   ...  I.">n  square  feet. 

Displacement  2125  tons. 

Speed  in  miles  per  hour 10  knots. 

Horse-power  of  engines 1)00  horses. 

The  corvette  to  be  made  wholly  of  iron,  with  two  propellers,  and  schooner 
rigged. 

Description  of  Iron  Work. — Keel. — The  centre  keel  to  he  made  of 
plate  iron  1 ', in.  thick,  hy  about  2ft.  wide, bent  to  suit  the  form  of  the  bout; 
also  two  keels  of  s.ilid  rolled  beam  iron  12in.  deep,  one  on  each  side,  as 
shown  in  Pig,  3. 

sti-nijiDs-i  to  he  of  wrought  iron  in  one  piece,  with  a  stuffing-box  and 
heel  for  the  mdder,  as  shown  in  Pig,  I.  and  to  be  made  in  one  piece  from 
deck  to  keel,  as  shown   in  Pig,  1. 

Plating. — The  hull  to  be  of  ;in.  plate  iron,  lapped  longitudinally  and 
butt-jointed  vertically,    the  butts  to  he  double  riveted  in  each  plate.      The 

streaks  to  lie  about  3ft.  wide  from  centre  to  cent) I'  rivet-,  except  in  the 

stern  and  how,  where  it  diminishes   according  to  t  he  ordinary  mode  of  iron 

shipbuilding.  All  the  seams  to  be  caulked,  In  and  outside.  The  , in.  iron 
plating  'o  extend  in  about    160ft,  under  the  guards,  die  balanoe  at  the 

stern  •and  how  to  he  plated  with   I'm.  thick  iron  pl.it.-s  SDOVOthe  water  line  : 

to  8ft.  depth,  to  be  plated  with  8in.  plates;  from  8ft,  under  water  line  the 
keel  to  be  plated  with  fin.  iron,  except  in  the  how,  where  one  streak  from 
6  to  about  :ift.  depth  to  be  -in-,  and  from  '.'  to  abonl  12ft.  depth  to  be  tin. 
thick.  The  butt  pieces  in  the  armour  itreaks  to  be  i  in.  thick,  screwed 
on  with  lfln.  tap  screws,  2'in.  into  the  Un.  armour  plates |  under  the 
water-line  the  butt  pieces  are  to  be  rivetted. 

Rum. — 'the  nm  Of  the  corvette    Is  to  bo  formed    h\    the   .irncm-pl, 

terminating  In  the  form  of  the  stem,  as  shown  In  Pig.  I.    The  object  ol 

making  the  ram  in  thi-    round  shape,  fal  to  distribute   OVenl]   on  the    vessel 

the  shook  of  ■  collision]  also  lor  preventing  the  ram  -ticking  hut  In  the 

run  into.      The  run-  HOW  in. eh-  for  SOmG  Vessels  in  the  niv\.  with   ■ 

small  pie,-,- ..i  Iron  sticking  out  bom  the  stem,  U  i  rather  nnsafe  contri- 
vance;  -houbl    it    «lick    la«t   tor  onh   one  minute,    the    eiicun  '-    \ ,-.-,!    will 

likely  be  hung  upon  It,  which  may  give  time  enough  for  the  enemy  to 
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board  us,  and  should  the  enemy's  vessel  have  a  velocity  forward  while  at- 
tempting to  run  into  it,  the  ram  may  be  broken  off  and  injure  our  vessel 
more  than  the  enemy.  The  Merrimac's  ram  was  broken  while  running  into 
our  vessels  in  Hampton  Roads. 

Frames. — The  frames  to  be  spaced  18in.  apart ;  every  other  of  beam 
iron,  solid  rolled  12in.  deep,  and  every  other  of  beam  iron  f  (6  +  4)  inches. 
The  frames  to  be  in  as  long  pieces  as  possible  with  broken  joints.  In  the 
most  curved  parts  of  the  stern  and  bow  where  it  is  not  possible  to  bevel 
the  beam  iron,  the  frames  to  be  made  of  J  (6  +  4)  inches  angle  iron;  also 
the  frames  on  the  bulkheads  to  be  of  the  same  iron. 

Beams.— The  beams  to  be  of  beam  iron,  solid  rolled,  12in.  deep,  spaced 
3ft.  apart,  one  on  every  other  frame,  bent  at  the  gunwales  in  continuation 
of  the  frames,  as  shown  in  Pig.  3.  The  joints  of  the  frames  and  beams  to 
be  riveted  with  butt  pieces  fin.  thick  by  3ft.  long,  one  on  each  side,  with 
one  inch  rivets.  The  beams  over  the  bulkheads  to  be  of  angle  iron  \  (6  +  4) 
inches.  Under  deck  beams  to  be  6in.  solid  rolled  beam  iron,  riveted  to 
the  frames  as  shown  in  Fig.  3.  Under  each  cupola  to  be  six  intermediate 
beams  of  9in.  solid  rolled  beam  iron,  as  shown  in  the  section  fig-  1. 

Stringers. — The  gunwale  stringer  to  be  of  plate  iron  1  (12  +  12)  inches, 
firmly  riveted  to  the  iron  deck  and  side  of  the  vessel,  as  shown  in  Fig.  3. 
The  stringers  to  circumscribe  the  entire  vessel. 

Keelsons. — To  have  3  keelsons,  the  centre  one  to  be  of  solid  rolled  beam 
iron  12in.,  and  one  on  each  side  of  9in.,  spaced  9ft.  6in.  apart,  as  shown  in 
Fig.  3.     The  keelsons  to  be  firmly  riveted  to  each  frame. 

Longitudinal  Beams  to  be  of  9in.  solid  rolled  team  iron,  spaced  9ft.  6in. 
apart,  and  firmly  riveted  to  the  deck  beams. 

Bulkheads. — To  have  five  water-tight  bulkheads  of  Hn.  iron  dlagonaled 
on  both  sides  with  angle  iron  |  (3  +  2)  inches,  as  shown  in  Fig.  3. 

Decks. — To  have  two  decks,  the  upper  one  to  be  of  ljin.  thick  plate  iron 
next  to  the  beams,  butt  jointed  in  all  seams  with  Jin.  butt  pieces;  the 
longitudinal  seams  to  run  in  one  line,  and  broken  cross  seams.  The  iron 
deck  to  be  covered  with  Sin.  thick  planks,  screwed  fast  from  underneath. 
The  under  deck  to  be  of  fin.  iron  with  longitudinal  lap  seams  and  butt- 
jointed  cross  seams,  covered  with  4in.  thick  plank,  screwed  fast  from 
underneath. 

Rudder. — To  have  a  balance  rudder  of  wrought  iron,  fitted  so  as  to  be 
protected  from  enemy's  shots.  The  rudder  to  be  worked  either  in  the  pilot 
house  on  deck,  or  under  deck  in  the  mariners'  room  abaft.  I  have  made 
this  kind  of  rudder  on  several  steamers  in  Russia;  and  found  it  to  answer 
exceedingly  well ;  it  has  many  advantages  above  the  single  rudder, — it  is 
easier  managed,  the  vessels  steer  better  with  it,  and  it  is  less  effected  by  the 
sea — Fig.  1  shows  how  it  is  arranged. 

Armour  Cupolas. — To  have  two  armour  cupolas  on  the  main  deck,  of  a 
spherical  form  25ft.  diameter  at  the  base  and  10ft.  high.  The  armour- 
plates  to  be  6in.  thick,  jointed  in  12  segments  with  Sin.  solid  rolled  beam 
iron,  as  shown  in  the  accompanying  woodcut.     Each  cupola  to  have  six 


Outside. 


Inside 


port  holes,  in  which  the  guns  can  be  trained  in  a  horizontal  angle  of  90°, 
and  vertically  about  47°.  The  port  holes  to  be  3ft.  wide  by  4ft.  high, 
covered  with  a  sliding  shutter  4|-in.  thick,  as  shown  by  figs.  3  and  4.  The 
shutters  to  be  worked  from  the  inside.  Each  cupola  to  admit  firing  in  a 
horizontal  angle  of  330°.  The  tops  of  the  cupolas  to  have  a  hatchway  6ft. 
in  diameter,  covered  with  a  plate  4-iin.  thick,  which  latter  to  have  a  hole 
2ft.  in  diameter,  covered  with  an  iron  grating.  Cupolas  of  this  descrip- 
tion are  considered  strong  enough  without  any  backing  of  wood,  which 
latter  would  greatly  interfere  with  the  proper  training  of  the  guns.  The 
spherical  form  renders  them  as  strong  as  9in.  thick  flat  iron,  and  exposes 
the  least  possible  surface  to  the  enemy. 

Armour  Guards. — The  armour  guards  to  extend  about  185ft.  on  each 
side  of  the  boat ;  the  armour  plates  to  be  5in.  thick,  placed  on  wood  at  an 
angle  of  45°  from  the  water-line  to  the  bulwark,  as  shown  in  Fig.  3.  The 
plates  to  be  fastened  with  tap  bolts  from  the  gunwale  stringer,  and  with 
screw  bolts  at  the  lower  edge  or  water-line,  through  the  wood  to  the  hull 
of  the  boat.  The  armour  plates  will  be  6ft.  6in.  wide,  and  in  as  long  pieces 
as  possible,  but  not  less  than  10ft.  The  lower  armour  plates  to  be  3in. 
thick,  by  5ft.  wide,  placed  at  an  angle  of  67^°.  The  wood  backing  to  be 
of  the  hardest  dry  oak.  The  ends  of  the  armour  plates  to  be  butt-jointed, 
but  not  riveted ;  under  each  cross-joint  of  the  5in.  plates  to  be  laid  a  butt 
piece  2in.  thick  by  9in.  wide,  fitted  into  the  wood,  and  under  the  3in. 
plates  a  similar  butt  piece  ljin.  thick.    The  guards  to  extend  on  each  side 


to  where  the  armour  plates  of  the  stern  and  bow  commence,  so  that  nothing 
of  the  Jin.  plating  will  be  exposed. 

An  armour  plate  placed  at  an  angle,  increases  in  horizontal  thickness  as 
the  secant  of  the  angle  of  inclination  to  the  vertical  plan.  On  this  princi- 
ple English  engineers  argue  that  a  vertical  plate  of  the  same  horizontal 
thickness  as  the  inclined  one  has  the  same  strength  :  which  theory  will 
hold  good  as  regards  lateral  strength, — but  it  is  the  reflecting  power  which 
is  taken  advantage  of  in  the  inclined  plate.  The  reflecting  power  is  in 
proportion  as  the  tangent  of  the  angle  of  inclination ;  that  the  secant  and 
the  tangent  added  together,  and  the  sum  multiplied  by  the  true  thickness 
of  the  inclined  plate,  will  give  the  relative  value  to  the  vertical  one.  The 
lateral  strength  of  an  armour  plate  is  in  proportion  as  the  square  of  the- 
thickness  when  the  breaking  force  acts  slowly, — but  in  the  sudden  shock 
of  a  projectile,  the  inertia  of  the  armour  plate  acts  as  a  die  in  a  punching 
machine,  where  the  resistance  of  the  plate  is  in  proportion  direct  as  the 
thickness. 

Deck  Fittings. — Bulwark  to  be  made  of  wood  boarded  with  3in.  plank, 
intended  to  be  made  fast  and  not  to  be  saved  in  a  battle,  but  should  it  be 
desired  to  make  it  removable  it  can  easily  be  made  so. 

Capstans. — To  have  two  capstans,  one  forward  and  the  other  abaft, 
arranged  so  that  each  can  be  worked  by  any  number  of  men  from  1  to 
16,  without  change  of  gearing  or  other  complicated  machinery ;  also  to  be 
made  so  as  to  pinch  hold  of  any  size  of  chain  or  hemp  cable. 

Deck  Lights. —  To  have  deck  lights  to  the  officers'  and  mariners'  rooms, 
as  shown  in  the  plan,  Fig.  2, — with  frames  ground  water-tight  in  the  deck, 
and  arranged  so  as  to  be  easily  opened  for  ventilation  under  deck ;  also  to- 
be  provided  with  stand  pipes  of  about  2ft.  high  above  deck,  for  ventilation 
in  rainy  or  stormy  weather. 

Davits. — To  have  two  anchor  davits  in  the  bow,  and  eight  boat  davits, 
two  for  each  boat,  as  shown  in  Figs.  1  and  2. 

Souse  on  Deck. — To  have  a  house  on  deck  of  an  elliptical  form,  as 
shown  by  the  strong  dotted  lines  Fig.  2 ;  length  85  ft.  by  20ft.  wide,  to  be 
made  wholly  of  iron  about  jin.  thick.  The  window  shutters  to  be  made 
of  iin.  iron,  perforated  with  rifle  holes.  The  roof  beams  of  the  house  to 
be  made  of  angle  iron  f  (2^  +  3)  inches,  covered  with  iron  plates  fin.  thick, 
on  the  top  of  which  to  be  wooden  boards  l^in.  thick.  The  house  to  contain 
two  kitchens,  dining  room  for  officers,  cabin,  &c,  and  arranged  to  suit  the 
requirement.  The  top  of  the  house  to  be  circumscribed  by  a  brass  railing. 
To  have  two  iron  stairways,  one  forward  and  one  abaft  of  the  cupolas.  The 
house  is  not  intended  to  be  saved  in  time  of  battle :  if  a  ball  should  strike 
it  there  will  only  be  a  hole.  All  the  furniture  in  it  to  be  made  of  iron  or 
other  incombustible  materials,  that  it  cannot  take  fire. 

Water  Closets. — To  have  two  water  closets  on  the  fore  deck,  mounted 
on  hinges,  so  that  they  can  be  felled  down  when  it  is  required  to  fire 
forward.     Also  water  closets  under  deck  with  pumps. 

Pilot  Rouse. — To  have  a  pilot  house  made  wholly  of  iron,  located  as 
shown  in  Figs.  1,  2,  and  4.  During  a  battle  the  helmsman  is  stationed  in 
the  mariners'  room  abaft,  and  is  directed  by  a  dial  worked  from  either  of 
the  cupolas. 

Bigging. — To  be  three-masted  schooner-rigged,  as  shown  by  Fig.  5.  All 
standing  rigging  to  be  of  wire  rope.  It  is  schooner-rigged  for  the  sake  of 
making  it  simple,  and  the  least  possible  number  of  ropes. 

Life  Boats. — To  have  four  life  boats  ot  the  most  approved  form,  com- 
plete, with  oars. 

Hatchways. — To  have  nine  hatchways,  covered  with  spherical  armour 
plates  as  shown  in  Fig.  1.  The  two  hatchways  in  each  cupola  to  be  covered 
with  flat  plates  level  with  the  floor.  The  combings  to  be  of  iron,  riveted 
to  the  iron  deck  and  projecting  one  foot  above  the  wooden  deck. 

Figure-head  and  Bowsprit  are  arranged  so  that  they  can  be  removed  in 
one  minute,  when  the  stem  is  a  ram  for  running  into  an  enemy's  vessel. 

Accommodation. — Under  main  deck  is  a  space  of  114ft.  in  length, 
occupying  the  whole  width  of  the  boat,  of  which  48ft.  is  abaft  and  66ft. 
forward;  also  a  forecastle  of  30ft.  to  the  stem;  all  to  be  arranged  in  the 
most  suitable  manner  for  officers,  mariners,  and  crew.  The  water  tanks 
are  placed  under  the  lower  deck,  as  shown  in  Fig.  1,  arranged  with  pumps, 
cocks,  and  pipes,  as  may  be  required. 

Machinery. — The  machinery  to  consist  of  two  horizontal  condensing 
engines,  working  separately,  each  on  a  propeller  shaft,  as  shown  in  Figs.  1 
and  2 ;  to  be  of  the  most  simple  construction  and  most  efficient  in  its  per- 
formance, arranged  with  expansion,  superheating  of  steam,  and  fresh  water 
condenser,  all  up  with  the  present  knowledge  of  steam  engines. 
Dimensions  of  Fngines. 

Diameter  of  cylinders 42  inches. 

Stroke  of  piston  30     „ 

Pressure  of  steam ; 50  lbs. 

Expansion    £  to  £ 

Actual  horse  power  engines 900  horses. 

Propellers,  diameter 10  feet. 

Steam  Boilers. — To  have  three  cylindrical  boilers  of  the  most  simple 
construction ;  every  part  of  the  inside  to  be  accessible  for  cleaning. 
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Outside  diameter  9  feet  by  15  feet  long. 

Areaof  fire-grate  96  square  feet. 

Firesurface 2880       „         „ 

Consumption  of  fuel  per  hour  2450  lbs. 

Consumption  of  fuel  per  day  of  24  hours .       26'3  tous. 
Consumption  of  fuel  per  seven  days    160       ,x 

Ventilators. — To  have  two  ventilators  (fans)  in  the  engine-room,  each 
42  in.  diameter  by  15  in.  wide.  Air  pipes  to  lead  under  the  fire-grates, 
between  decks  and  cupolas,  as  may  be  required  for  ventilating  the  ship. 

Donkey. — To  have  one  donkey  engine  with  double-acting  pump,  arranged 
with  cocks  and  pipes,  so  as  to  be  used  for  feeding  the  boilers,  bilge-pump, 
and  fire  engine. 

Propellers. — To  have  two  brass  propellers  10  feet  in  diameter,  each  with 
four  blades,  arranged  on  the  shafts  so  as  to  be  easily  shipped  or  unshipped 
as  may  be  required  at  sea. 

Coal-hunkers. — To  have  coal-bunkers  divided  into  two  water-tight  com- 
partments, with  capacity  for  100  tons  of  coal. 

Ordnance. — The  ordnance  to  consist  of  six  11-inch  guns,  three  in  each 
cupola,  mounted  on  carriages  made  wholly  of  wrought-iron.  The  gun 
carriages  to  be  mounted  each  on  three  wheels  on  vertical  spindles  turned 
in  the  direction  the  gun  is  desired  to  be  moved.  The  two  wheels  under 
the  gun  to  be  turned  by  a  worm  screw,  and  the  hind  wheel  by  a  lever  ;  the 
course  of  the  gnn  to  be  steered  by  the  lever  both  in  the  recoil  and  whes 
moving  it.  The  floor  in  the  cupolas  to  be  made  of  iron  and  perfectly  flat, 
that  the  guns  can  be  hauled  on  it  in  any  direction.     When  the  gun  is  to 


REFLECTIONS  OX  THE  EXISTING  BRITISH  COINAGE. 

To  the  present  Government  is  due  the  credit  of  having  rirThritnd  a  most 
important  and  valuable  reformation  in  the  inferior  denomination* 
British  coinage.  The  heterogeneous,  cumbrous,  and  sadly  deteriorated 
copper  pieces  of  money,  which  were  so  long  a  reproach,  and,  indeed,  a 
nuisance  to  the  community,  have  almost  entirely  disappeared  from  the 
channels  of  circulation,  and  in  their  place  we  have  a  convenient,  uniform, 
and  not  inelegant  coinage  of  bronze.  This  change  has  been  made  in  u 
comparatively  short  space  of  time,  and  it  exhibits  in  a  favourable  light  the 
mechanical  resources  of  the  Royal  Miut. 

It  may  be  permitted  us  to  hope,  however,  that  the  Ministry  under 
whose  auspices  the  transformation  of  the  timeworn  copper  currency  into  a 
more  durable  oue  of  bronze  has  taken  place,  will  not  rest  satisfied  with 
their  labours  in  this  direction.  The  re-coinage  of  which  we  speak  should 
be  regarded  in  the  light  of  a  highly  successful  experiment,  which  points 
the  way  to  other  and  yet  more  momentous  improvements,  rather  than  in 
that  of  a  final  measure  of  monetary  reform. 

What  is  now  required  is  that  the  superior  coinages — those  of  gold  and 
silver — should  also  be  rc-cast  and  re-modelled.  With  reference  to  the 
highest  denomination  of  coin  current  in  this  country — the  sovereign— and 
which  is  in  its  way  a  fair  ipecimen  of  Imperial  Mintage,  we  have  some 
objections  to  offer.    The  tir^t  of  them  is  that  the  obverse  impression  doea 

not    represent    at   all    faithfully    the   features    of  her    Majesty    the   t'ueen. 

The  die  engraved  by  the  late  W.  Wyon,  in  ls:i7,  for  imprinting  ti. 

was  at  the  time  named  an  excellent  work  of  art,  and  it  transferred  with 


he  fired,  the  two  wheels  are  turned  crosswise  with  the  screw,  the  recoil  is    much  fidelity  the  lineaments  of   the    royal   hoe  to  the  disc  of  I 
then  taken  partly  by  the    friction  of  those  wheels  on   the  floor,   and  the    stamped  at  the  Mint.     A  quart-  itnry  has  passed  away  ainoe  the 

balance  bv  a  friction  wheel  around  which  is  a  chain  or  hemp  cable  fastened  j  Queen  ascended  the  throne.     The  die  which   in    WS7  did  duty  bw  coining 
with  one  "end  in  the  cupola.     By  this  arrangement  the  guns  can  easily  be  j  sovereigns  bearing  "  the  image  and  superscription"  of  Victoria  1 
trained  in    a  horizontal  angle  of  90''  in   each    port-hole.     The  axis  of  the  {  employed  in  this  present  year  1883  in  the  -  iti   a!      U  it  n  4  high 

{runs  will  be  only  7  feet  above  the  water-line,  for  which  it  would  rarely  be    time  that  the  old  die  should  be  placed  on  the  shell"  of  the  Mint  M:- 
required  to  dip  it  under  the  horizon,  but  should  it  be  required  to  fire  in  the  '  and   that   a   new  one   should  be  engraved   to  take  its  place  in  the  Mint 
direction  ah  Fig.  3,  the  enemy  must  be  very  near,  when  the  bulwarks  is  of    pi  cases  ?■— a  die  not  representing   our  loved    Monarch   aa 
little  importance  ;   fire  it  away,  and  the   projectile  will  strike  the  water  at    girl,  but  as  she  is  now. 

a  distance  of  19  yards.    The  guns  can  be  elevated  to  an  angle  of  35  .     At        As  it  is,  the  Mint   is  engaged  in  coining  falsehoods,  and  thus  ia lying 
the   circumference   in   the  cupolas  are  six   holes  of   about    14   in.  dia-    to  posterity!     The  same  remarks  apply  to  the  coinage  of  half-euvereUj 
meter,  for  handing  up  ammunition  during  firing.     If  more  complicated       The  reverie  of  the  sovereign  has  a  certain  ami  tint  of  beauty  about   it 


gun  carriages  are  adopted,  it  will  necessarily  throw  out  one  of  the  three 
guns  in  each  cupola. 

Under  the  cupolas  are  steam  hoisting  machines  n,  Fig.  3,  comj 
simply  of  a  cylinder  12in.  diameter  by  loft  stroke,  to  be  used  for  ha 
the  guns,  which  dispenses  with  a  great  number  of  men  and  confusion  in 
the  cupolas.     With  .7)11,-.  of  steam,  the  machine  can  pull  1\   tons. 

The  principal  armour  plates  in  the  vessel  herein  described  are  inde- 
pendent of  the  hull  of  the  same.  Should  it  at  any  time  he  desired  to 
dispense  with  the  heavy  armour,  it  can  easily  be  removed,  and  there  re- 
mains a  comfortable  and  well  proportioned  steamer.  It  is  practically 
demonstrated  by  the  Warrior  that  it  is  not  good  to  make  the  principal 
armour  plates  constitute  the  hull  of  the  vessel,  for  the  difficulty  of  keep- 
ing it  tight  after  bavin,' worked  in  heavy  sea.  It  is  also  believed 
ft  is  not  practical  to  combine  iron  and  wood  in  the  hull  of  an  armoured 
vessel,  particularly  for  -.hallow  draft,  hut  . 

proved  a  failure  in  that  respect,  and  tie;  objection  "ill  he,-., i, o-  more 
serious  for  lighter  draft.  A  vc-s.-l  can  be  considered  a  long  girder,  of 
which  the  strength  is  in  proportion  as  tie-  square  of  the  depth.     Neither 

is   it   practicable     to   make    water-tight    bulkheads    and    iron    ,i. 

wooden   vessel,   for  one  material  will  tear  th-  Other   tO   pieces   in  ..  weight  and  .   for   Which   t! 

.     loll;;   bee! 

sea 

by 

1  really  protected  the  propeuer,  anu  u  n   wuiu  do  mauo  ■ 

ore  the  speed  and  w  i  jomg  quality,  and  •  --r  the  lafetj  of  the 

ship  it  would  be  proper  to  pnl   inch  ■  tiling  on  j  bul 

doubtful,  it,  il  preferable  to  avoid  th-  I  I  deration  that   it  is  bettor     I 


undoubtedly,  but  it  is  a  lair   matter   I  >r  consideration  a*  to  whether,  it  the 

obverse  of  the  coin  were  remodelled,  a  more  artistic  and  elaboi 

-ign  should  not  take  the  pi.,,.-  of  the  reverse.     A 
tinctive  character  would  thereby  In-  given  to  the  new  coin,  which  ought  also 

r  its   value   stamped  upon  some  portion  of  It    would  If 

quite  possible  for  one  of  our  artist-engravers  t"  fun  n  as 

should  meet  the  requirements  both  of  taste  and  utility. 
Whatevei  might  be  for  the  orn  a  of  the 

should  be  adopted  for  those  of  the  half 
At  present  there  i^  great  incongruity  between  the  t 
oins.    The  sovereign  reverse  impression  comprises,  aa  i-  well-known,  the 

-      I  l.ni'  1 .    3,    Ireland,  shield 

plain,  crowned,  within  ■  wreath  forn  olive  branohea  tied 

i  at  the  bottom  by  n  riband,  and  beneath  the  shield  the  rase,  thli 
ami  shamrock.    The  half  sovereign,  on  the  contrary,  exhibit* 
i  oral  so  the  Royal  shield  aa  before,  without  the  wreath,  but   mantled  ami 
crowned.    Why  should  this  strange  diversity  ba  rmltted  In  the 

first  instance,  and  why  should  it  n  in  end  to  i 

If  the  altei 

■  • 

.   >v  it  1».      'I'll 

It  mav  be  remarked  that  the  enchora  and  propellers  are  n-  ol  the  pieces  mighl 

B  bill  and  tail  as  in  the  Monitor-  ,    I  I  Which   1   beg    I  I    reply  that  if  the     are  well  pi  ,  the 

tail  really  protected  the  propeller,  and  If  It  could  1  lurahlllty  ot  the  coins. 

Injure  the  Speed  and  >ea  rorafquallty.  and  i  jw  the  aafel 

I    till)    pr. •».  Ill    -I  i>         I  : 

to  lose  both  the  prcpeUere  in  a  battle  than  I  ihavcti* 

il  reaches  the  enemy.     l<  ia  of  equal  h rtan. 

n^  a  battle  u  to  get  aafe  out  of  II     both  the  pur] boodbeequal;       Tl  ...  why  .1 

bed  and  not  neglected.    The  temporary  Importan. f  the  bill  and  tall  . 

make  the  vease? more  oueef d  J? battle  than  In  th 


Ili- 


would  havo  eight  blades,  ami  SUpp  M 

away   still  the  steamer  would  make  I  lr  " 

blade' of  a  brass  propeller  ia  struck,  iti  strength  d 

shaft  and  stern  ot   the  teaeel  than  if  broken  mf|  »nd  it  n  I 


prevent  the  propeller  from  turning  in  its  determine  I  ipaee. 

It  will  require  twelve  month*  to  complete  such  n  vessel  as  that  which 


req 

have  described. 


'■•going 
■mum— ii,m.  v  rltain  would 

what  it  Im  V 
Intrinsically,  tin-  mnl  - 

year  1861,  when  »  Dumber   ol  automaton   Iwlanm  wore  Intra 
id,  British  Mini 
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and  when  other  improvements  were  made  there,  no  sovereign  or  half- 
sovereign  forwarded  from  its  coining  presses,  to  the  Bank  of  England, 
has  ever  been  known  to  violate  the  legal  limits  of  weight  or  of  fineness. 
Why  should  not  the  some  amount  of  perfection  be  attained  to  in  the 
ornamentation  of  those  coins  ?  It  is  of  the  highest  moment  that  beauty 
of  workmanship,  in  our  coinage,  should  interpose  itself  as  a  barrier  to  the 
nefarious  proceedings  of  false  coiners,  as  well  as  to  demonstrate  the  superior 
talent  and  taste  of  our  English  artists  and  engravers. 

We  have  said  nothing  of  the  gold  coins  of  reigns  previous  to  that  of 
Queen  Victoria,  but  as  many  of  them  are  still  in  circulation,  they  increase 
the  inconvenience  arising  from  diversity  of  design,  and  strengthen  •  our 
argument  in  favour  of  a  reformation  of  the  whole  currency  of  gold. 

The  silver  currency  of  the  United  Kingdom  is,  generally  speaking,  in  a 
deploraby  deteriorated  state,  and  this  resulting  from  hard  work  and  con- 
sequent wear  and  tear.  It  is  an  incongruous  and  inharmonious  jumble  of 
coins,  and  its  re- casting  is  as  urgently  demanded  as  was  that  of  the 
old  copper  coinage. 

Let  us  examine  the  various  denominations  composing  the  silver  currency, 
and  consisting  of  crowns,  half-crowns,  florins,  shillings,  sixpeuces,  groats,  and 
threepenny -pieces.  Of  crowns  there  are  several  varieties  of  each  in  circula- 
tion, and  this  fact  of  itself  constitutes  a  strong  inducement  (not  at  all  neg- 
lected) to  the  manufacturers  of  counterfeit  coins.  The  oldest  of  the  crown 
pieces  in  circulation,  that  of  George  III.  has  for  its  obverse  a  dexter  bust 
profile  of  that  monarch,  the  bust  undraped,  laureated,  and  the  hair  short. 
The  reverse  exhibits  George  and  the  Dragon  within  the  Garter  with 
abbreviated  legend.  Of  the  crowns  of  George  IV.  there  are  at  least  two 
varieties  still  in  circulation.  The  obverse  of  those  struck  previous  to  1826 
display  a  similar  bust  profile  of  the  king,  laureated,  and  undraped.  In 
those  which  emanated  from  the  Mint  in  that  year,  and  subsequently,  the 
bust  differs,  the  neck  and  head  are  much  narrower  in  proportion,  and  it  is 
not  laureated. 

The  reverse  in  each  case  consists  of  St.  George  and  the  Dragon,  but  with 
minute  differences  of  detail.  That  of  the  latter  mintage  is  perhaps  the 
more  beautifal.  St.  George  is  represented  in  this  on  horseback,  undraped, 
helmeted,  with  loose  vest  flying  behind,  in  his  right  hand  a  dagger,  his 
left  holding  the  reins ;  under  the  horse  a  dragon,  a  broken  lance  lying 
beside,  no  legend,  date  in  exergue,  and  with  edge  inscription.  The  early 
crowns  of  this  reign  were  the  work  of  Pistrucci,  the  later  ones  that  of 
W.  Wyon. 

Few  crowns  were  coined  during  the  reign  of  William  IV.,  and,  for  the 
most  part,  these  exist  in  the  cabinets  of  coin  collectors.  It  is  scarcely 
necessary,  therefore,  to  describe  their  type  here. 

There  are  two  kinds  of  Victoria  crowns  in  circulation.  One  of  these  is 
a  very  fair  specimen  of  art,  and  the  other  is  a  very  discreditable  specimen. 
Of  the  former,  unfortunately,  few  exist,  except  in  cabinets  and  museums. 
The  dies  from  which  these  latter  were  struck  still  survive,  we  believe,  at 
the  Mint,  and  we  are  not  aware  of  any  reason  why — if  crown  pieces  are  to 
be  retained  in  the  British  coinage — those  dies  should  not  be  put  into 
requisition,  and  a  large  issue  of  pieces  resulting  from  them  be  made. 

Of  the  second  named  crown  of  our  present  Majesty,  too  many  are  in 
existence.  The  obverse  exhibits  a  sinister  bust  profile  of  the  Queen,  un- 
draped, round  the  head  two  plain  bands,  hair  parted  on  the  forehead 
carried  over  the  top  of  the  ear,  and  all  gathered  together  at  the  back 
of  the  head.  The  reverse  comprises  the  Royal  arms  quarterly,  shield 
plain,  crowned,  within  a  wreath  of  two  olive  branches  tied  together  at 
the  bottom  by  a  riband.  Beneath  the  shield  is  seen  the  rose,  shamrock, 
and  thistle.  These  coins  altogether  are  wretched  specimens  of  workman- 
ship, and  the  sooner  they  are  consigned  to  the  melting  pot  the  better. 
Of  half-crowns  of  the  four  reigns  previously  mentioned  there  are  an 
equal  number  of  varieties,  but  as  it  is  believed  there  is  no  intention  to 
coin  more  of  this  denomination,  it  is  only  necessary  to  say  that  the  sooner 
it  merges  into  the  florin  the  better. 

Opinions  are  divided  as  to  the  claims  of  the  well-known  florin  to 
public  admiration,  but  it  is  an  exceptional  piece  of  money,  and  was  only 
introduced  as  a  stepping-stone  to  the  obtaining  of  a  decimal  coinage. 
That  desideratum  does  not  appear  to  be  arrived  at  yet,  and  the  conse- 
quence is,  that  the  florin  has  an  mitre  appearance  that  ill-befits  it  for 
companionship  with  the  non-decimal  money  in  circulation. 

Of  shillings  there  are  no  less  than  six  different  kinds  in  circulation, 
but  what  the  original  ornamentation  of  som.e  of  them  was  it  is  difficult 
to  ascertain.  They  have  arrived  at  the  stage  of  which  we  are  the  advo- 
cates, viz.,  uniformity ;  but  unhappily  theirs  is  the  uniformity  of  plain 
surfaces. 

Similar  observations  will  apply  to  the  sixpence,  and  this  with  inten- 
sified force.  In  these  bustling  days  perhaps  no  coin  is  so  overworked  as 
this.  The  consequence  is  that  an  enormous  per  centage  of  so-called 
sixpences  are  unrecognisable  as  emanations  from  the  Mint. 

The  inconvenience  arising  from  the  commingling  of  fourpences  and 
threepences  of  the  same  diameter,  hut  of  humorously  varying  designs  is 
understood,   and  need  only  be    mentioned   here.     The   fact  is,  that  the 


fourpennypieces  should  be  removed  altogether  from  the  channels  of  cir- 
culation and  converted  into  twopennypieces. 

We  trust  that  a  sufficient  case  has  been  made  out  for  the  interference 
of  the  Government,  in  respect  to  the  re-casting  and  re-modelling  of  both 
the  gold  and  silver  coinages  of  the  United  Kingdom.  It  would  be  quite 
possible  to  effect  the  reform  within  a  year  or  two  from  the  present  time 
if  the  work  were  set  about  in  good  earnest.  If  the  Mint  be  not  me- 
chanically powerful  enough  for  the  duty,  it  might  easily  be  made  so,  and 
there  is  no  doubt  that  designs  would  be  forthcoming  which  would  ap- 
prove themselves  to  the  community  at  large,  and  reflect  lustre  on  the 
artistic  talent  of  the  country.  It  would  be  no  difficult  task  to  support 
with  further  evidence  the  position  we  have  assumed,  but  it  is  our  honest 
impression  that  the  public  will  join  in  the  demand  for  a  re-coinage  of 
the  silver  and  gold  monies  of  the  state,  because  the  public  are  aware  from 
practical  and  painful  experience  of  its  necessity.  It  may  be  trusted  that 
the  Chancellor  of  the  Exchequer  will  take  the  initiative  in  the  matter, 
as  he  did  in  that  of  the  copper  currency;  and  there  can  be  but  little 
doubt,  if  he  does,  that  it  will  be  carried  forward  to  a  successful  issue. 


ON  MOMENTUM  AND  ELUID  RESISTANCE. 

Momentum:. 

There  is  no  term  used  by  writers  on  the  mechanical  sciences  that  seems 
more  important  to  define  than  this,  and  none  which  appears  to  have  a 
more  indefinite  meaning. 

By  the  term  momentum,  I  mean  "  the  force  accumulated  in  a  moving 
body."  Two  terms,  momentum  and  vis  viva,  are  generally  used  to  express 
this  accumulation  of  force.  Sometimes  it  is  defined  as  a  quantity  varying 
as  the  weight  multiplied  by  the  velocity, — then  again  as  half  the  weight 
multiplied  by  the  square  of  the  velocity,  and,  again,  as  the  weight  multi- 
plied by  the  square  of  the  velocity.  The  latter  is  I  believe  the  most 
generally  accepted  theory  among  the  leading  constructors  of  our  railroads 
and  bridges, — our  armaments, — our  engines  and  vessels. 

If  this  large  class  of  most  eminent  men  made  no  mistakes,  or  taught  no 
errors,  I  would  not  dare  to  pen  this  article.  However,  I  will  advocate  no 
really  new  dogma,  as  Olmstead,  Playfair,  and  Newton  are  among  its 
supporters,  yet  I  do  not  wish  to  hold  them  responsible  for  any  of  my  own 
deductions. 

I  will  endeavour  to  prove  that  the  momentum  or  quantity  of  force 
accumulated  in  a  moving  body,  varies  as  the  weight  multiplied  by  the 
velocity ;  and  that  the  resistance  a  moving  body  will  overcome,  varies  as 
the  momentum,  and  that  the  velocity  will  vary  as  the  quantity  of  force 
expended.  The  laws  of  gravity  are  so  well  understood,  and  for  our  present 
purpose  are  most  convenient.  The  force  of  gravity  is  a  uniform  force, 
and  hence  in  equal  times,  will  exert  equal  quantities  of  force  whenever  it 
is  left  free  to  act  upon  a  moving  body.  Omitting  to  take  any  account  of 
atmospheric  resistance,  and  neglecting  what  are  in  the  present  consideration 
unimportant  fractions,  we  find  that  a  body  near  the  surface  of  the  earth 
left  free  to  the  action  of  gravity,  or  free  to  fall,  will  move  through  sixteen 
feet  of  space  during  the  first  second,  and  acquire  a  final  velocity  of  thirty- 
two  feet  per  second,  and  during  two  seconds  will  move  through  sixty -four 
feet  of  space,  and  acquire  a  final  velocity  of  sixty-four  feet  per  second. 

By  inquiring  into  the  cause  of  this  increased  space  moved  through  and 
increased  velocity  acquired  during  the  last  of  the  two  seconds,  we  see  that 
it  is  most  easily  explained.  The  uniform  force  of  gravity  is  exerted  on 
the  moving  body  equally  during  each  of  the  two  seconds,  yet  the  results 
at  first  sight  do  not  appear  the  same.  As  we  have  seen  during  the  first 
second,  sixteen  feet  is  moved  through  and  a  final  velocity  of  thirty-two 
feet  per  second  is  acquired,  while  during  the  last  second,  forty-eight  feet  is 
moved  through,  and  a  final  velocity  of  sixty-four  feet  per  second  is 
acquired.  However,  we  wish  to  prove  that  the  expenditure  of  force  is  the 
same  during  each  second,  and  also,  that  although  a  body  in  this  case  moves 
over  four  times  as  much  space  in  two  seconds,  as  it  does  during  the  first  of 
these  two  seconds,  still  the  space  moved  through,  is  no  true  criterion  of 
the  force  expended,  or  of  the  resistance  overcome. 

Gravity  exerting  its  full  force  on  this  body  for  one  second  moves  it 
through  sixteen  feet,  and  gives  it  a  final  velocity  of  thirty-two  feet  per 
second;  this  final  velocity  will  carry  the  body  through  the  next  thirty-two- 
feet  during  the  last  of  the  two  seconds  without  any  extra  expenditure  of 
force  by  gravity,  but  the  body  receiving  the  same  quota  of  force  during 
the  last  second  that  it  did  during  the  first,  hence  the  body  is  moved  through 
forty-eight  feet  during  the  last  second,  and  acquires  a  final  velocity  of 
sixty-four  feet  per  second; 

Thus  it  appears  that  although  the  space  moved  though  during  two 
seconds,  is  four  times  as  great  as  that  moved  through  during  the  first  of 
these  two  seconds,  when  a  body  is  left  free  to  the  influence  of  the  force  of 
gravity,  yet  the  quota  of  force  expended  during  two  seconds  is  not  four 
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times  as  great  as  the  quota  of  force  expended  during  the  first  of  these  two 
seconds. 

Hence  "  the  actual  work  done,"  "  the  resistance  overcome,"  "  the 
mechanical  effect,"  "  the  force  accumulated  or  stored  up  in  the  moving 
body,"  "  the  momentum,"  "  the  vis  viva,"  or  by  whatever  term  we  may 
choose  to  call  this  result  of  the  action  of  the  uniform  force  of  gravity  on 
the  moving  body,  is  only  twice  as  great  for  two  seconds  as  it  is  for  the  tirst 
of  these  two  seconds. 

At  any  point  of  descent  a  body  would  return  to  the  height  from  which 
it  fell,  it  all  the  force  expended  on  it  down  to  that  point  were  left  lr 
act  upon  it  in  an  upward  direction.  At  the  end  of  two  seconds  as  the 
velocity  of  the  falling  body  is  sixty-four  feet  per  second,  then  let  it  c  m- 
mence  to  ascend  at  that  point ;  during  the  tirst  second  of  its  ascent  it  will 
move  through  forty-eight  feet,  and  have  a  final  velocity  of  thirty-two  feet 
per  second,  and  during  the  next  second  it  will  go  through  sixteen  feet,  and 
have  a  final  velocity  reduced  to  zero. 

Hence  again  it  is  true  that  the  work  done  or  resistance  overcome  in  the 
first  of  these  two  ascending  seconds,  is  equal  to  that  done  during  tl. 
of  these  two  ascending  seconds.  Hecause  the  only  resistance  overcome  is 
the  uniform  force  of  gravity  which  resists  the  ascending  body  w  itli  a  certain 
■definite  quota  of  force  during  each  second  of  the  time  it  is  left  free  to  act. 
The  time  during  which  any  uuiforin  force  acts  freely  on  a  body,  and  not 
the  space  through  which  it  moves  the  body  is  the  only  unvarying  and  true 
criterion  of  the  work  done,  or  of  the  force  stored  up,  or  accumulated  in 
the  moving  body.  If  the  force  expended  by  gravity  during  b 
is  four  times  as  great  as  the  force  expended  during  the  first  of  thee  two 
seconds,    then    the   accumulated    force   should  be  four  ti:  .:   at 

the  end  of  the  two  seconds,  as  it  would  be  at  the  end  of  the  first  of 
these  two. 

We  have  shown  that  this  quadruple  force  has  not  been  expended  and 
hence  it  is  not  accumulated.  As  the  velocity  varies  as  the  time,  then  the 
force  accumulated  varies  as  the  velocity,  or  as  the  weight  into  the  velocity. 
Thus  a  double  expenditure  of  force  gives  a  double  velocity,  and  a  double 
velocity  gives  a  double  momentum.  Hence  the  momentum  will  v.. 
the  weight  multiplied  by  the  velocity. 

If  we  measure  the  force  accumulated  in  a  moving  body  by  the  length  of 
time  it  is  expending  this  accumulated  force  in  overcoming  a 
uniform  as  to    the  time,    then   it   is  evident  that   it  varies  as  the  weight 
multiplied  into  the  velocity. 

I3ut  if  we  measure  the  force  accumulated  by   the  force  expi 
overcoming  a  resistance  uniform  us  to  the  time — hut  not  uniform  u  to  the 
— by  the  B]  gh  which  a  hody  is  moved  while  the  accumulated 

force  is  being  expended,  then  it  will  vary  as  the  weight  multiplied  by  tin- 
velocity  squared. 

The   former   of   these  measures  is  usually  called  momr,iluir..  while  the 
latter  is  called  via  viva,  and  in  reality  there  is  no  more  difference  be) 
their  meaning,  than  it  we  at  one  time  should  say   a  yard  was   thn 
and  at  another  time  thirty-six  inches  in  length  :  momentum  being  the  term 
I  when   the  element    time    is    taken  into   consideration,      .  v. lien 

is  taken  into  consideration.      lint  when  the  resist  iform 

'  as  to  the  space,  space  cannot  be  a    tl  :i   of  the   force   expended; 

hence  the  term  cm  viva  understood  in  this  way  is  very  indefinite,     from 
this  simple  cause  alori  ject 

us  may  consider  this   a   dispute  ■bout  words  only,  hut  when 
we  see  author-  of  emim  tit  .  rai  tical  abiliti  Bourne,  boldly  I 

that  the  momentum  ol  a  moving  body  i  multiplied 

by  the  square  of  the  ve'ocity,  and  that  it  is  necessary  to  double  tl 
penditure  of  force  to  obtain  a  double  velocity;  it  is   most  evident  that  the 
disput.-  is  not  only  about   n 

It  is  on  this  hypothesis  that  In-  advances  and  etui  re  that 

the  force  i essary  to  be  expended  in  overcoming  the  front 

vertical  plane  moving  though  a   fluid  in  a  vertical  direction,  will   rs 
the  cube  of  the  velocity. 

This  theorj  is  so  generally  believed,  1   aim  thai   she  prejudice 

in  favour  of  it  alone,  may  prevent  manj  Irom  -  this  ait 

patient  thought. 

In  the  study  of  the    i  I   of  fluid  n 

sras  fl  ed  to  the  confusion  of  theories  I  prin- 

siple  of  moment  i  n  dd  mention  it  in 

with  the  present  subject.     The  bearing  thai  this  question  h 
ind  iron-clads  is  also  eminently  | 

Does  the  i 
BneJ  ight  into  tli 

|ii;il  ''     Our  iled  n  the 

ii  to   the 

practical  men  on  lucll 

Both  in  steam  hip  prop  ■••     i  and    I  fl 

■ell    ii.   in    . 

it,  thai  it  is  ....-, ■  ■■    '  ■ 

resistance. 


I  will  conclude  this  article  with  an  account  of  some  crude  experiu. 
I  have  made,  having  a  relation  t 

1  dropped  a  small  iron  rod  from  the  height  of  four  leet  s  •  that  it  acq., 
a  velocity  of  sixteen  feet  per  second,  and  then  drop|«"d  1 1  1  through. 

sixteen   feet,  so   that    it   acquired  a   final   \ 
second,  and  on  i  the  penetration  in  -md  fond  that 

the  penetration  varied  SJ  t lie  Telocity. 

Then  1  dropped  ■  rod  of  the  same  sectional  area,  hut  of  halt 
of  the  fir-'  thfl  bright  of  sixteen  feet  ~>  that  it  9 

velocity  of  thirty-tw  tecond.    Its 

the  same  as  the  larger  one,  dropping  with 

Bond.      These  results  were  not    Uiathi 

the  average  penetration  in  thei  .is  all  I 

.■•  they  app.nre.1  ti«  \.  .  UjOCe  that  the 

penetration  of  ahot,  other  things  beii 

.  "r  as  1 1 1- - 1  :- 

with  a  trij  d,  so  tliat  I 

could  let  it  re-act  suddenly  when  I 

A  weight  bent  it  one  degree,  .i  double  ■■■  of  these  degrees  of 

tension,  ■  triple  weight  t!.:  i>n  allowing  I 

_:ce   of  l< ■•  •  lid    throw  a    shot    lying    «'ii  it 

_  it,  hut  when   let   go  ut   two  degrees    it  would  throw  the  »h 
limes  the  former  height,  and  at   tbm 

Thus  i_-.iiii  seeming  topn  re  that  a  double  force  would  throw  the  body  t<> 

a  quadrupled  height,  and  a    triple    force    to    nine    times   the  height.      The 
lime  the  force  the  respect 

would  vary  aj  one,  two,  and  three  for  their  ree| 

BXperimenta  were  but  rudely  executed,  hut,  in  all  their  simplicity, 
they  seemed  to  be  vi  r 

1  hope  a  patient  reading  of  this  brief  article  may  do  something  toward* 
reconciling  any  discrepancy  that   may    exist   on   this   ■  riant  and 

interesting  subject. 

Fu'in  KxsnrauiCB. 

In  this  short  article  I    will  not  attempt   to  investigate    I 
question  of  fluid  i  whole,  but  simpl  attract  att 

tion  to  a  tingle  phase  of  this  mi  -' 

If  1  am  able  to  make  my  views   distinctly   understood,  concern' 
front  resistance  which  a  vertical  plai  ■  -h  and  has  I 

passing  through  a  fluid  in  a  direction  perpendicular  to  this  plane,  I  will 
have  accomplished  i. 

The  amount  not  desired, — but 

simply  the  i  -nee  ut  dill".  - 

Th.-  theoretical   Question  is  this;    Sup] —  we  rtical  plane 

ly  submerged,  end  moving  thr  j>cn- 

dicular  to  this  plane  but  at  var 
the  power  in •■  •  -».ir\   I 

plane  with  th vaiiable  velodt! 

In  order  to  be  more  distinctly  Under*. 

stand  tin  f  toe  power  expended, 

in  whatever  wa\ 

.11    known  .en   and    i 

">  • 
l:  •  this  law  b differently  underst 
■in  space  m 
time. 

i  this  ambiguity  i 

would   lay  down  D.J  this   law    I 

'    I   ■ 
to   thi>    plane   trill 

•  same 
plain-  will  meet  with]  v.  1  vary 

•imply 

■ 

■ 

jwrhap.,  ' 

thi.  tie 

know  that  tie 
of  a  \ 

'■  coal  as  morn   aa 
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eight-fold  as  Bourne  and  the  believers  of  the  cube  theory  teach,  is  some- 
thing with  which  my  own  experience  for  several  years  does  not  agree. 

So  first  we  will  endeavour  to  settle  the  question  practically  in  this 
manner.  If  there  is  to  be  an  increase  of  speed  of  a  steamer  beyond  her 
ordinary  fast  speed,  the  expenditure  of  power  or  the  expenditure  of  fuel 
is  increased  in  a  greatly  increasing  ratio,  sometimes  even  exceeding  the 
cube  of  the  velocity. 

This  can  be  accounted  for  by  the  increased  inefficiency  of  the  propelling 
instrument  (whether  it  be  a  screw  or  a  side-wheel),  moved  at  very  high 
velocities,  and  to  the  forced  and  incomplete  combustion  of  the  fuel. 
There  are  other  causes,  but  these  two  are  the  principal  ones. 

When  the  vessel's  speed  is  increased  from  half  her  average  speed  to 
her  average  speed,  these  two  causes  affect  the  results  but  very  little; 
hence  we  may  not  wonder  if  by  increasing  the  quantity  of  fuel  per  hour 
four  or  five-fold,  it  does  increase  the  speed  from  half  the  average  speed 
to  the  average  speed.  It  is  an  experiment  I  have  frequently  tried  with 
these  results. 

But  let  the  practical  question  be  settled  as  it  may,  for  the  present  the 
theoretical  front  resistance  is  what  we  wish  to  consider. 

The  reasoning  on  this  subject  is  this  :  If,  during  a  certain  time,  we 
double  the  velocity  of  the  plane  we  double  the  number  of  particles  struck 
during  this  certain  time,  and  also  strike  each  one  with  a  double  velocity. 

As  the  resistance  varies  as  the  number  of  particles  struck,  multiplied 
by  the  velocity  with  which  they  are  struck,  we  have  this  fourfold  re- 
sistance for  this  certain  time  accounted  for.  Or  we  have  a  reAson  for  this 
law ;  that  the  resistance  to  our  plane  for  certain  time  will  vary  as  the 
square  of  the  velocity. 

If  the  resistance  for  a  certain  time  varies  as  the  square  of  the  velocity, 
the  power  which  will  be  necessary  to  be  expended  during  this  time  to 
overcome  this  resistance,  will  also  vary  as  the  square  of  the  velocity. 

And  from  this  it  is  also  deduced,  that  the  resistance  for  our  plane 
moving  through  a  certain  space  as  well  as  the  power  that  is  necessary 
to  be  expended  in  overcoming  this  resistance  varies  as  the  velocity 
simply. 

Hence,  practically  speaking,  if  the  front  resistance  of  a  steamer  was 
alone  to  be  considered,  to  double  the  speed  while  going  from  one  part  to 
another,  would  require  an  engine  of  the  ability  to  develop  a  quadrupled 
quantity  of  power  during  a  certain  time,  but  consuming  only  a  double 
quantity  of  fuel. 

The  quadrupled  increase  in  the  engine's  capabilities  to  develope  power 
would  be  required,  in  order  to  develope  this  double  quantity  of  power  re- 
quired in  one-half  the  time  that  the  engines  would  have  to  develope  it, 
if  the  steamer  was  moving  at  the  slower  speed. 

Hence,  to  double  the  speed  of  a  steamer,  if  the  front  resistance  was 
the  only  resistance  to  be  overcome,  and  if  there  was  no  direct  loss  of 
power  on  account  of  the  increased  velocity  of  the  engines  or  forced  com- 
bustion of  the  fuel,  then  the  quantity  of  fuel  consumed  to  drive  the 
steamer  at  a  double  speed  for  a  certain  space  would  have  to  be  increased 
two-fold  only,  and  this  double  quantity  of  fuel  would  develope  from  our 
four-fold  increased  engine  only  a  double  quantity  of  power. 

If  this  four-fold  increased  engine  in  our  fast  steamer  was  to  develope 
power  for  the  same  length  of  time,  as  the  single  engine  in  the  slow 
steamer,  then  the  quantity  of  fuel  consumed,  or  power  developed,  would 
also  be  increased  four-fold. 

These  exact  results  in  practical  steamship  propulsion,  of  course,  could 
not  be  expected,  but  because  they  are  not  realized,  we  are  not  obliged  to 
arrive  at  erroneous  conclusious  on  the  whole  subject. 

Although  the  angular  entrance  of  an  ordinary  steamer  decreases  the 
front  resistahce  to  a  very  great  extent  when  compared  with  the  resis- 
tance the  bow  would  meet  with  if  rectangular,  yet  the  principle  holds 
good,  that  the  particles  of  water  must  be  driven  from  a  bow  of  a  certain 
form,  with  velocities  varying  as  the  speed  of  the  steamer. 

Now,  I  will  endeavour  to  explain  the  deductions  from  experiments  on 
which  the  advocates  for  the  cube  theory  base  that  principle. 

I  will  endeavour  to  prove  most  couclusively  why  it  is  that  this  erroneous 
theory  receives  so  general  acceptance. 

By  direct  experiment  it  has  been  shown,  that  if  a  weight  be  attached 
to  a  cord  running  over  a  pulley,  and  then  made  fast  to  a  body  floating  in 
a  fluid,  so  that  the  descending  weight  will  pull  the  floating  body  through 
the  fluid  with  a  certain  velocity,  then,  to  double  the  velocity  of  this 
floating  body,  the  weight  must  be  increased  four  times. 

And  as  at  this  double  velocity  the  large  weight  would  have  to  move 
through  twice  the  space  to  overcome  the  resistance  of  the  floating  body 
for  the  same  length  of  time,  it  is  estimated  that  the  power  developed  by 
the  force  of  gravity  acting  on  this  descending  weight,  in  order  to  double 
the  velocity  of  the  floating  body  for  a  certain  time  varies  as  8 :  1. 

Thus,  weight  1  multiplied  by  space  1  is  said  to  represent  the  mechanical 
effect  of  the  small  weight ;  while  weight  4  multiplied  by  space  2  is  said  to 
represent  the  mechanical  effect  of  the  large  weight. 

A  most  accurate  and  careful  set  of  experiments  were  made  by  the 
Trench  Academicians  D'Alembert,  Bossuet,  aud  Condorcet,  in  1781,  and 


the  results  of  these  experiments  seem  to  have  been  so  conclusive  as  to  have 
been  received  without  doubt.  The  height  through  which  the  weight  fell, 
multiplied  by  the  weight,  varied  nearly  as  the  cube  of  the  velocities  with 
which  they  drew  the  float  through  the  fluid. 

However,  these  experiments  are  not  the  only  foundation  for  the  cube 
theory,  as  Bourne,  in  discussing  this  subject,  asserts  that  Newton  is 
wrong  in  thinking  that  if  a  body  is  put  in  motion  by  an  expenditure 
of  a  certain  definite  quota  of  power,  then  to  put  this  same  body  in  mo- 
tion again  with  double  its  former  velocity  will  require  but  a  double 
expenditure  of  power. 

Bourne's  theory  is,  that  if  a  body  is  put  in  motion  by  a  certain  expen- 
diture of  power,  then  it  would  require  a  quadrupled  expenditure  of  power 
to  give  a  similar  body  a  double  velocity.  This  theory  he  thinks  he  proves 
conclusively  by  the  laws  of  gravity,  and  if  his  views  on  that  subject  are 
not  erroneous,  he  undoubtedly  proves  this  theory  on  momentum  is  correct, 
as  well  as  his  cube  theory  on  fluid  resistance. 

In  the  preceding  article  on  momentum,  I  have  asserted: — "That  the 
generally  received  criterion  of  'work  done,'  or  '  mechanical  effect,'  'power 
expended,'  or  resistance  overcome,'  being  the  space  through  which  a  body 
was  moved,  was  erroneous." 

The  height  through  which  a  body  is  raised  multiplied  into  its  weight  is 
a  gauge  for  "  work  done  "  or  "  mechanical  effect,"  more  universally  used 
than  a  two  foot-rule  is  for  measuring  dimensions. 

If  an  incorrect  gauge  is  used,  no  wonder  that  there  are  some  striking 
discrepancies  in  conclusions. 

If  we  can  determine  the  actual  resistance  overcome,  when  a  body  is 
moved  through  a  space  during  a  certain  time,  that,  and  that  only,  will  be 
a  true,  unvarying  criterion  for  mechanical  effect. 

It  is  well  determined,  both  from  theory  and  experiment,  that  if  an 
initial  velocity  be  given  to  a  body  in  an  upward  direction,  sufficiently 
great  to  raise  it  16  feet  during  one  second,  it  will  overcome  the  uniform 
resistance  of  gravity  for  one  second.  Then  to  give  a  similar  body  double 
this  initial  velocity,  it  will  raise  the  body  not  32  feet,  but  64  feet,  and  be 
two  seconds  in  doing  this  work,  or  it  will  overcome  the  uniform  resistance 
of  gravity  for  two  seconds. 

Hence,  although  the  spaces  through  which  these  bodies  are  raised 
vary  as  1  :  4,  the  resistance  of  the  force  of  gravity  overcome,  or  the 
power  expended  in  overcoming  this  resistance  of  the  force  of  gravity 
varies  as  1  :  2. 

No  example  can  be  more  simple  or  more  striking.  If  it  fails  to  con- 
vince, reading  the  remainder  of  this  article  will,  I  fear,  be  time  lost  to 
the  reader. 

It  is  on  this  false  criterion  of  mechanical  effect — "  weight  multiplied  into 
space,"  that  Bourne  defiantly  plants  his  flag  as  an  advocate  for  the  truth 
of  the  cube  theory. 

This  false  criterion  receives  universal  approbation  from  all  writers  on 
mechanics.  It  is  taught  in  all  our  books,  and  from  the  desk  of  every  pro- 
fessor of  natural  philosophy  in  our  schools. 

If  this  is  not  sufficient  evidence  to  rob  it  of  even  a  shadow  of  error, 
then  we  may  have  the  temerity  to  boldly  question  its  correctness.  My 
"  ipse  dixit"  i3  not  worth  the  paper  on  which  it  is  written — and  perhaps  it 
will  be  said  my  reasoning  is  on  a  par  with  it  in  value,  but  if  my  reasoning 
on  this  subject  will  bear  the  test  of  examination,  then  our  books  on  me- 
chanical science  will  stand  a  slight  overhauling  to  advantage, — and  our 
philosophical  professors  may  re-write  some  of  their  lectures.  For  several 
years  I  have  particularly  noticed  the  discrepancy  on  this  subject,  and  have 
anxiously  and  patiently  waited  for  some  master  mind  to  unravel  the  mys- 
tery. Page  after  page  has  been  written,  but  no  one  appears  to  have  drawn 
the  curtain  to  one  side. 

If  success  should  crown  my  effort,  I  shall  be  sufficiently  repaid  for  my 
seemingly  independent  course  of  thinking,  and  thus  trifling  with  the 
opinions  of  high  authorities. 

The  criterion  of  resistance  overcome  is  the  pivot  on  which  the  whole 
subject  beautifully  turns. 

If  in  any  of  the  experiments  recorded  where  the  velocity  varies  as  1 : 2 
we  multiply  the  height  through  which  the  weights  descended  for  a  certain 
time,  by  the  weights,  while  they  were  overcoming  the  resistance  of  the 
floating  body, — to  obtain  the  mechanical  effect  of  the  force  of  gravity  de- 
veloping power — then  it  would  vary  as  the  cube  of  the  velocity. 

But,  if  we  multiply  the  times  during  which  the  uniform  force  of  gravity 
was  developing  power  (which  times  being  equal),  into  the  weights,  which 
varied  as  1:4,  to  obtain  the  mechanical  effect  which  the  uniform  force  of 
gravity  developed,  then  it  would  as  1 :4,  or  as  the  square  of  the  velocity 
simply. 

This  fact  is  elegantly  illustrated  in  the  experiments  made  by  the  French 
Academicians  as  recorded  in  their  Memoirs. 

They  may  not  have  observed  it  particularly, — as  this  series  of  experi- 
ments were  introduced  to  prove  the  cube  theory  beyond  a  doubt,  and  are 
referred  to  for  such  proof  to  this  day. 

If  it  is  true  that  the  force  of  gravity  does  develope  four  times  as  much 
power  when  it  draws  a  body  through  a  space  of  64ft.  in  two  seconds,  that 
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it  does  in  drawing  it  through  16ft.  in  the  first  of  these  two  seconds,  then 
the  cube  theory  is  correct. 

It  is  evident  that  experiments  and  deductions  made  with  a  falsa  criterion 
of  mechanical  effect  are  vitiated  in  their  conclusions. 

With  this  understanding,  several  years  ago,  I  made  an  experiment  on 
fluid  resistance  with  the  following  results ; 

The  experiment  was  a  rude  one  however,  the  details  of  which  I  have 
lost,  and  with  my  present  facilities,  I  caunot  repeat  it. 

Two  light  metallic  planes  were  so  weighted  as  to  keep  the  top  side  upper- 
most, and  of  a  specific  gravity  but  little  greater  than  the  water,  and  so 
filled  in  on  the  under  side  as  to  diminish  the  resistance  of  the  water  drag- 
ging after  them  as  much  as  possible.  So  that  when  these  planes  were 
drawn  up  by  cords  from  a  depth  of  water  of  about  20ft.  the  great  portion 
of  the  resistance  was  front  resistance. 

By  a  crank  and  axle  having  two  diameters  varying  as  1 :  2,  a  coincident 
motion  was  obtained  for  each,  but  with  velocities  varying  as  1 :  2. 

A  common  spring  balance  was  secured  on  the  cord  between  the  surface 
of  the  water  and  the  axle. 

This  spring  balance  self-registered  the  maximum  strain  on  each  side. 

This  strain  on  the  cords  as  registered  by  their  respective  balances  varied 
nearly  as  1  :  2, — and  not  as  1 :  4 

To  me  it  seemed  to  prove  conclusively  that  the  resistance  for  these  planes, 
while  moving  during  a  certain  time,  varied  as  the  square  ot  the  velocity, — 
and  for  a  certain  space  as  the  velocity  simply. 

Hence  the  power  required  to  overcome  the  resistance  for  a  certain  time 
would  vary  as  the  square  of  the  velocity,  and  for  a  certain  space  as  the 
velocity  simply. 

The  practical  bearing  of  this  subject  on  the  grand  question  of  steamship 
resistance  and  propulsion,  is  very  important,  to  say  nothing  of  its  influence 
on  other  great  engineering  questions. 

The  settling  of  it  beyond  dispute  is  a  subject  well  worthy  of  the  atten- 
tion of  those  whose  authority  on  such  subjects  could  be  received  with 
confidence. 

My  authority,  I  know,  is  worthless, — my  views  on  mechanics  are  bounded 
by  narrow  limits,  and  my  attainments  are  very  moderate ;  therefore,  I 
should  deeply  regret  leading  any  one  astray, — if  my  firm  convictions  on 
this  subject  are  erroneous.* 


ROYAL   NAVAL  ENGINEERS. 

In  our  last  number  we  referred  to  a  document  put  forward  by  the 
Royal  Xaval  Engineers.  We  are  glad  to  know  that  our  comments  upon 
that  document  have  been  the  means  of  drawing  attention  to  this  subject 
in  quarters  where  information  is  much  needed. 

Our  attention  has  since  then  been  directed  to  some  of  the  charges  which 
appear  to  have  been  suggested  and  recommended  by  the  gentleman  who 
was  examined  on  behalf  of  the  engineers  of  the  navy,  before  the  Com- 
mittee of  the  House  of  Commons  on  Naval  Prom  ttion  and  Retirement. 

The  most  important  change  recommended  by  tho  gentleman  refern 
(.Mr.  Rumble,  inspector  ot  steam  machinery  at  Sheerness,)   relates  to  tin- 
reduction  of  the  number  of  engineers  required  in  our  ships  of  war,  and 
the  substitution  of  a  class  of  "skilled  worl  to  the  actual  mechan- 

ical labour  involved  in  the  various  repairs  which  are  from  time  required  in 
the  steam  machinery. 

This  suggestion,  which  by  the  way  is  not  entirely  a  new  one,  appe 
have  arisen  out  of  one  of  the  questions  concerning  tb  rd  of 

qualification  required  of  candidates  for  entry    into  the  uavy.     U 
the  committee  seemed  to  thiol;  thai  the  pi  iderd 

Lamination,  would  be  the  means  of  reducing  the  number  of  oandJ 

from  whom  the  Admiralty  at   pi- 

While  on  this  question  of  examination,  we  must  o  or  Im- 

pression previously  has  been,  thai  the  stal   monl    of  qoalil     itlon   required 
by  the  Admiralty  was  of  nucli  n  nature   thai    the  examining  officers 
not  limited  in  any  waj  as  to  the  extent   to  which  they  mi  pro- 

fessional abilities  of  the  candidates,  but  thai  their  tesl 
applied  in   »o  lax    a   waj     n   to   admit    individuals   of  very    i|iii-st tunable 
ability,  either  as  reg 

the  general  education  and  intell  the  candidate  waa  t 

or  inquired  into  ..l  all.     We  It  ive  ulw  I 
fruitful  source  of  e\  11  in  t  h 


•  The  above  article     on   Momentum   and   Kluld 
Grior,  Uliicf  Engineer  in  the  I 
author  hnvln  Kngland  nuddcnh    fur    \ 

article*.    Tiny  afterward*  am 
aiticlea  have  aincc  been  n  llrler,  «nd  n 

denuded  uf  nome  typoirrapbii  at  .  rr.-rs  which  rtmkn  I  -  itSDSSStS  apparently 

rcry  contradictory.     Ed,  KmxxX. 


Surely,  there  is  not  really  anything  incompatible  between  sound  general 
education  and  the  possession  of  that  amount  of  mechanical  skill  which 
every  marine  engineer  ought  to  possess.  Professional  knowledge  and  me- 
chanical ability  are,  doubtless,  the  primary  essentials  for  an  engineer,  but 
we  believe  if  better  means  were  taken  to  ensure  some  higher  educational 
status  in  the  candidates,  we  should  hear  less  of  that  unfair  and  invidious 
treatment  of  which  the  class  has  so  long  had  to  complain. 

This  absurd  idea  of  a  sort  of  incongruity  between  gentlemanly  manners 
and  work,  is,  we  fear,  entertained  by  many  of  t  with   the 

suggestion  for  the  introduction  of  ""skilled   mechanics."     We  would 
such  engineers,  if  they  imagine  that  the  introduction   of  such  a  class  will 
relieve  them  from  the  necessity  of  DOBsessmg,  and  verv  frequent! 
cising,  that  skill  themselves,  they  will  ma'..  .  »n 

error  to  suppose  that  there  is  any   real  degradation   in  the  work   whi 
at  times  absolutely  required  of  the  young  engineer;  on  the  contrary, 
possession  of  that  very  skill,  if  accompanied  with  the  education  and  g 
manners  which  a  !  to  any  one   who  aspii 

officer  and  a  gentleman,  will  be  an  additional   claim    to    consideration  and 
t,  in  the  estimation  of  all  wbei  dly 

worth  having. 

One  point  in  the  examination  of  Mi.  (tumble  we  would  take  exception 
the  proposal  to  draw  the  supply  of  engineers  for  ti  lu- 

from  the  Dockyard  E  Vve  believe  such  a  course  would 

be  unfair,  and   at   times   detrimental   t  <   the  publie   interest  ;   many    I 
valuable  young  engineers  would  be  entirely   excluded   from 
and   we    think   the   Admiralty   might,   with   as  much   propriety 
naval  hospitals  fur  the  training  of  their  medical  at 

It  was  suggested,  also,  that  the  proposed  class  of  skilled  mechanics, 
con-i-  -.  lxiiler  mi  persmiths,  Sic,  should 

made  petty  officers  in  Her  Majesty's  service,     n 
tion  in  saying  that  any  attempt  to  induce  *killid  workmen  In  I 

trades  to."  -tty  otlieers,  at  tin-  rate  ot  L' v.  Wit .  jkt  day,  will  not. 

not,   and    ought  not   to  succeed.      We   think   skilled    workmen   who   ctih 
■r  seven  shillings  :h»t 

such  a  proposition  could  have  I  utertained  by  any  n 

Bet   whatever. 
This  question,  altogether,  is  one  of  great  importance  »nd  require*  more 
.eration  than  it  appears  to  have  • 
would  recommend  caution  in  its  introduction,  uml  greet  care  and  taste  in 
its  carrying  out.    That  thi  hat 

it  may  ultimately  -fully  adopted  we  readily  belisi 

ippear  to  strike  any  ordinary  observer  that   it    rann 
nary,  fbrtl  meut  of  the  machine) 

carry  a  large  sts  me   of  wli 

becoi..  binary,  or, 

at  the  same  time  common  sense  seems  to  indicate  thai  proper  information 
should  be  obtained,  and  pi  iper  precautions  take:. 
attempted,  or  the  inevitable  result  will  follow  that  amain.  asen 

will  be  introduced  into  II.  r  Bfajestj 
with  their  : 

Two  things  appear  to  our  m 
introduction  of  any  such  Scheme. 

in  th  much  bigfa  ami 

by  demanding  a    higher  educational  standard  than  has   hitherto    I 

riving  the  lied 

.    b  .1  rat.  shall    indui  0    r. 

i-nt.  r, 

I    I 

M    in  tin- 
It  '     »lll'C  — , 

inch    an  will,    tndm 

of  these  .or.  tdy  i  ■  1  1.  il  the  oonU  ut| 

to   till 

might  ■■  ™1 

illnl*.   tin-   .  I»a«   l«    jtlal  I    ' 

irk> 
■••   to 

r«. 
w  sjfthla  tb. 
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SCOTTISH  SHIP  BUILDEES'  ASSOCIATION. 

ON  A  NEW  SLIP  DOCK  MODEL. 
By  Me.  Robebt  Duncan. 

In  describing  the  model  of  the  slip  dock  cradle,  with  the  various  sug- 
gested improvements,  I  may  previously  assume  that  the  application  for  slip 
docks  for  the  repairing  of  vessels  is  so  well  known  to  you  all,  that  little 
more  is  left  than  merely  to  describe  my  plans,  with  the  uses  that  might 
be  advantageously  obtained  from  them ;  their  easy  application  to  the  pre- 
sent existing  cradles,  and  the  general  superiority  of  slip  docks,  for  the  re- 
pairing of  vessels,  over  all  other  docks. 

In  the  first  place,  the  principal  advantage  I  aim  at  is  to  do  the  same 
amount  of  work  that  is  done  on  other  slips  in  a  shorter  time,  and  at  a 
comparatively  less  cost,  which,  if  attained,  you  will  all  admit,  is  the  great 
desideratum  of  the  times  we  live  in. 

With  reference  to  the  model,  in  the  accompanying  illustrations,  Fig.  1 
is  a  longitudinal  section,  showing  the  cap  with  vessel  resting  on  rollers. 
Eig.  2  is  a  plan  of  the  cradle,  &c.  I  will  first  draw  your  attention  to  the 
main  or  centre  part  of  it.  In  external  appeaiance  there  is  little  difference 
between  it  and  the  present  existing  cradles ;  but  by  a  closer  inspection,  or 
ixom  the  drawings  you  will  at  once  perceive  my  object,  which  is  to  simplify 
its  removal  from  underneath  vessels,  when  repairs,  on  the  keel  or  other- 
wise, renders  its  removal  absolutely  necessary.     The  removal  of  the  cap, 


length  to  work  easy  in  the  recess.  The  flat  pieces  of  wood  that  lie  in 
the  recess  are  intended  to  keep  the  rollers  from  twisting  or  slanting  when 
in  motion  ;  but  they  can  easily  be  dispensed  with,  as  the  distance  they 
require  to  travel  is  so  small  (being  about  two  feet  or  three  feet  at  most 
on  a  working  cradle).  Supposing  the  rollers  did  incline  to  slant  or  twist 
when  revolving,  this  could  be  avoided  by  fixing  centre  pivots  in  the  rollers, 
as  shown  in  the  woodcut  on  next  page,  with  long  strips  of  sheet  iron, 
and  holes  cut  in  them  at  the  respective  distances,  so  as  the  pivots  of  each 
roller  would  fit  in  them ;  or  there  could  be  grooves  cut  in  the  rollers,  and 
made  to  fit  into  corresponding  longitudinal  guides;  but  I  consider  the 
plain  roller  quite  suitable. 

The  arms  of  the  cradle  fit  into  notches  in  centre  part,  so  as  to  give  an 
even  surface  for  the  working  of  the  rollers.  The  two  preventative  keys  or 
lockers,  that  are  placed  at  the  most  suitable  position  for  them,  owing  to 
their  dovetail  shape,  serve  the  double  purpose  of  binding  the  cap  and 
main  centre  together  whilst  vessels  are  being  hauled  upon  the  slip,  and 
prevent  the  cap  from  floating  from  off  the  centre  part,  whilst  the  cradle 
is  submerged  in  the  water. 

In  order  to  show  you  the  method  of  relieving  the  cradle  from  under- 
neath the  vessel : — Suppose  the  vessel  to  be  resting  on  cap  of  the  cradle, 
with  the  rollers  suitably  placed  in  centre  recess,  and  the  two  preventative 
keys  in  their  places,  the  palls  that  are  hinged  on  under  side  of  centre 
part  of  cradle  and  fit  into  the  ratchets  of  centre  rails  (in  the  usual  way), 


or  sliding  part,  will  enable  you  to  see  a  recess  that  is  cut  in  the  main  or 
centre  part.  It  is  a  cut  to  a  deptli  so  as  the  rollers  that  are  placed  in  it 
may  project  a  little  above  the  flush  of  the  side  flanges,  in  order  to  prevent 
the  under  side  of  cap  or  sliding  part  /rom  rubbing  on  the  top  of  the  side 
flanges,  thereby  evading  the  friction  that  would  necessarily  ensue.  In  the 
event  of  of  the  centre  part  being  made  of  pitch  pine,  or  any  sort  of  soft 
timber,  the  bottom  of  recess  would  require  to  be  laid  with  good  hard 
British  oak,  or  other  such  timber  most  suitable,  or,  in  order  to  prevent 
the  rollers  from  great  friction,  it  might  be  covered  with  iron. 

Owing  to  the  thinness  of  the  sliding  cap,  it  could  be  made  wholly  of 
British  oak,  which  I  think  is  of  sufficient  solidity  to  prevent  the  rollers 
from  sinking  into  it  when  the  weight  of  the  vessel  is  upon  the  cradle.  On 
the  sides  of  the  cap  are  two  guide  flanges,  that  fit  and  work  easily  on 
sides  of  the  centre  part,  and  are  intended  to  keep  the  cap  from  twisting 
to  either  side  when  the  relieving  of  the  cradle  is  being  performed.  The 
small  blocks  on  the  top  of  the  cap  are  fixtures,  never  requiring  to  be  raised 
or  lowered,  as  on  present "  existing  cradles;  on  account  of  the  accommo- 
dating nature  of  the  hinged  blocks  on  tops  of  the  cradle  arms, 

The  rollers  are  placed  all  along  from  fore  to  after  part  of  recess,  and 
quite  close  to  each  other,  with  the  exception  of  the  allowance  required  at 
fore  part  and  at  keys,  for  the  removal  of  the  cradle  from  the  cap,  thereby 
giving  the  cap  an  almost  solid  bearing  on  its  whole  length.  The  rollers 
would  require  to  be  of  British  oak  or  lignum-vitse,  and  made  of  sufficient 


are  also  supposed  to  be  down,  and  holding  the  cradle  from  running  back- 
ward. The  hauling-up  chain  or  rods  are  unshackled  from  centre  part 
and  shackled  to  the  cap,  and  securely  fixed,  either  to  a  pall  at  head  of  the 
slip  or  to  the  engine.  This  done,  the  cradle  is  again  eased  up  a  little  bit, 
in  order  to  lift  up  and  gag  the  palls ;  the  blocks  on  which  the  vessel 
rests  are,  of  course,  laid  along  her  bilges,  slightly  wedged,  but  with  no 
attempt  to  raise  her ;  and  the  preventative  keys  driven  out.  The  screw 
at  after  part  of  the  cradle  is  then  shackled  to  it,  and  turned  by  the 
handle  or  lever  that  fits  into  holes  in  its  boss,  thereby  screwing  the  cradle 
backwards,  whilst  the  cap  remains  stationary,  or  rather  falling  perpendi- 
cularly with  the  vessel  till  she  rests  on  the  blocks ;  the  cap  then  can  be 
unshackled,  when  both  it  and  the  cradle  can  be  lowered  down  the  slip- 
way for  the  completion  of  the  vessel's  repairs.  When  the  repairs  are 
completed  she  can  in  a  similar  manner  be  raised  from  off  blocks  to  her 
original  position  on  the  cradle. 

The  arms  of  the  cradle  are  made  to  turn  on  a  pivot,  which  gives  great 
ease  in  shipping  or  unshipping  them,  and  also  safety  to  workmen,  as  the 
pivot  prevents  them  from  falling  off  side  parts  of  the  cradle. 

The  bilge  or  steadying  blocks  placed  on  the  arms,  as  shown  in  the  woodcuts 
annexed,  are  intended  to  suit  any  vessel's  bottom  that  may  go  on  the  slip, 
without  further  labour  in  altering  them,  as  is  a  constant  occurrence  with 
the  existing  mode  of  bilge  blocks.    Their  action  is  at  once  apparent.    A 
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socket  is  fixed  on  the  arm,  and  made  so  as  it  can  be  shifted  out  or  in  upon 
it ;  the  inner  end  of  the  bilge  block  is  fitted  into  this  socket,  and  hinged 
by  a  bolt  that  passes  through  both ;  on  the  outer  end  of  the  block  is 
hinged,  by  a  bolt,  a  three-legged  pall ;  these  legs  fit  successively,  as  the 
block  is  raised  up,  into  a  ratchet  indented  or  sunk  into  the  cradle  arm. 
The  rope  for  lifting  the  block  np  to  the  vessel's  bottom  is  placed  at  its 
outer  end,  and  a  line  fastened  to  one  of  the  legs  of  the  pall,  for  the  pur- 
pose of  lifting  it  out  of  the  ratchet,  so  as  the  blocks  can  be  lowered,  in 
the  event  of  an  accident  of  any  kind  occurring.  The  pall  is  relieved  from 
the  ratchet  by  a  screw-pin  that  works  in  lower  end  of  the  pall,  the  point 
of  which  presses  against  the  ratchet. 

The  guide-rods  aft  are  so  arrangod  that  they  fit  into  what  may  be  termed 
the  dead  wood  of  the  cradle,  and  are  always  shipped  ready  for  use,  and 
easily  wrought.  I  may  here  mention  that  the  above  plans  could,  with 
little  expense,  be  easily  applied  to  the  present  existing  cradles. 

The  foregoing  descriptions  constitute  the  improvements  I  propose  for 
slip  dock  accommodation,  with  the  exception  of  the  removal  of  cradle  and 


,  vessels,  especially  in   places  where  there  is  sufficient   length  to  admit   of 

,  more  than  one  vessel  at    a  time  ;  whereas,   by   this  plan,   three  could  be 
undergoing    repairs   at  the    same   time,   viz.,  one  on  each  side  and  one 

I  on  centre  of  the  slip. 

New  vessels  could  also  be  built  on  either  side,   and  launched  down  the 

■  slip  way,  thereby  saving  the  expense  of  laying  launching  ways, 

I  may  mention  that   there   could  be  various  methods  adopted  for  the 

i  relieving  of  vessels  from  the  cradle  by  the  sliding  cap  other  Chan  that  of 
of  the  rollers;  for  instance,  cast  metal  shot  or   balls  could  belaid  in   the 

I  recess,  or,  the  cap  could   slide  on  a  plane  surface  on  top  of  centre  part  by 
being  soaped  or  greased,  but  would  perhaps  entail  more  troubles 
in  doing  so. 

With  regard  to  the  advantages  derived  from   the  various  construe', 
of  docks  for  the  repair  of  vessels,  including  the   graving  or  dry  dock,   the 
floating    dock,   the  hydraulic  dock,   and  the  slip  dock,  the  Utter  1  con- 
sider most  preferential   fur   executing  repairs  "ii  account   .  I 

I  current  of  air  that   passes  along  and  through   vessels   when   on  1 


vessel  to  either  or  both  side*  of  the  .lip,  whirl,  plan   it  Conlll 
construction  of  the  longitudinal  raili  with  tl.it,  deepen  or  bearers,  and  t« 

01  follow!  : —  ,  , 

Supposing  the  length  of  cradle  required  i<  100  feet,1  woold  iccordingly 
have  loo  feet  of  rails,  and  the  ileepei  ■  '»•"'•■  P  ' 

— thatiH,  the  under  side  of  longitudinal   sleepers  thick 

wheels,  to    run    on    raill    placed    at    rik'!,t  the    ho-  ■  I 

centre  nod  two  aide  longitudinal   rails  would   require  to 
each  other  by  distance-rode,  m  m,  when  the  power  »..*  applied 
the  cradle  with  veaeeli  to  either  lido,  thej  would  all  move  .., 
parallel  direction.    Two  hinged  lockings  would  ;  < '- 

stationary  and  portable  raili  in  i  lecuw  lined 
with  vessel  was  being  hauled  up. 
By  this  plan  bi  nefldal  results   won]  I   :  "'  or 


rc-ch—d  and  v  ,l,,t    I""*' 

he,,,  the  1         ■ 

■ 

■  • 

fan  hoar  al 

gnat  adnata* 

!  wrll  worl  .      .  , 
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THE  GLOBE  LENS  FOE,  PHOTOGRAPHIC  CAMERA. 

We  extract  from  a  recent  number  of  the  American  Journal  of  Science 
and  Art,  the  following  article  by  Mr.  Coleman  Sellers,  on  the  nature 
and  advantage  of  the  globe  lens  for  the  photographic  camera.  The  sub- 
ject being  one  that  has  attracted  considerable  attention  and  discussion, 
more  especially  amongst  those  interested  in  photography,  we  will  allow  Mr. 
Sellers  to  state  his  opinion  and  the  results  arrived  at  by  him  from  the  use 
of  this  description  of  lens: — 

Photography,  with  the  discovery  of  the  use  of  collodion,  seemed  to  leap 
into  its  present  high  position  at  one  bound,  at  least  so  far  as  the  chemistry 
of  the  art  is  concerned.  The  negatives  of  to-day  look  like  the  negatives 
of  the  first  experimenters,  and  the  chemical  process  of  their  production 
is  essentially  the  same.  But  with  the  optics  of  photography  the  case  is 
different- — here  there  has  been  a  steady  improvement.  The  wants  of  the 
portraitists  have  been  met  by  the  construction  of  new  objectives  suited  to 
the  style  of  pictures  to  be  produced.  In  these  instruments  depth  of  field 
"with  free  admission  of  a  large  volume  of  light  was  what  was  most  sought 
for.  Theory  could  not  dictate  what  shape  or  combination  of  lenses  would 
best  produce  this  result,  and  patient  experiments  were  resorted  to.  The 
requirements  of  landscape  photography  are  quite  different  from  those  of 
portraiture.  A  portrait  tube  may  be  used  to  take  views  if  it  be  provided 
with  a  stop  or  small  opening  to  limit  the  amount  of  rays  passing 
through  it  and  thus  to  deepen  the  field,  or  increase  the  "  reach"  of  the  in- 
strument, as  it  is  technically  called.  This  involves  loss  of  light,  and 
consequently  diminishes  the  quickness  of  its  working.  We  hear  con- 
tinually of  rapid  or  instantaneous  photography,  and  we  are  often  led  to 
believe  that  the  rapidity  is  to  be  ascribed  to  some  wonderful  sensi- 
bility of  the  chemicals  used ;  but  this  is  only  partially  true,  and  to  the 
optician  is  due  the  most  of  the  merit  of  instantaneous  pictures.  A  por- 
trait tube  with  its  full  opening  will,  in  a  sky-light  room,  produce  a  picture 
in  perhaps  ten  or  fifteen  seconds.  This  same  instrument,  with  the  same 
opening  and  same  chemicals,  exposed  to  an  extended  view  in  bright  sun- 
light, could  not  be  opened  and  shut  quick  enough  ;  the  immense  volume  of 
light  reflected  from  so  large  an  area  of  space  being  concentrated  on  the 
same  sized  plate  as  in  the  first  case,  would  be  too  violent  in  its  action,  and 
from  the  nature  of  the  instrument  near  and  distant  objects  could  not  be 
brought  into  focus  at  the  same  time. 

The  human  eye,  when  the  head  is  at  rest,  takes  in  an  angle  of  view  of 
at  least  70°  or  80°,  the  whole  of  which  is  not  seen  clearly  at  once,  but  can 
be  examined  in  detail  by  the  almost  unconscious  rolling  motion  of  the  eye 
in  its  socket — -the  actual  included  angle  of  clear  vision  at  any  one  instant 
being  only  1°  or  2°.  Hence  a  picture  of  a  landscape,  for  instance,  to  fill 
the  eye  and  seem  a  true  representation  of  nature,  should  include  an  angle 
of  at  least  60°.  Ordinary  instruments,  such  as  have  hitherto  been  used,  do 
not  include  an  angle  of  more  than  one-half  this  amount,  and  hence  has 
originated  the  complaint  that  photographic  views  represent  mere  patches 
of  scenery  and  not  pictures.  I  remember  once  standing  on  a  bridge — 
camera  in  hand — and  looking  up  the  romantic  Wissahicon.  The  picture 
presented  to  my  eye  was  very  beautiful — the  centre  a  waterfall  framed  in 
on  both  sides  by  wild  and  rugged  rocks  and  spanned  above  by  the  arch  of 
a  railroad  bridge  crossing  at  the  tops  of  the  cliffs.  The  foreground  was 
made  up  of  a  stony  bed,  where  danced  and  foamed  the  rapid  current.  I 
planted  the  camera  and  hoped  soon  to  peel  off  from  this  charming  view  a 
cuticle  (as  Dr.  Holmes  says)  which  like  plates  of  mica  could  be  split  and 
re-split  for  the  collections  of  my  friends.  But  on  the  ground  glass  I 
found  nought  but  the  tumbling  water.  No  rocks,  no  bridge,  no  stony 
river  bed — the  poor  camera  in  its  empty  head  was  incapable  of  taking  in 
the  whole  of  the  charming  picture.  One  of  the  dreams  of  the  photo- 
grapher has  been  of  an  instrument  which  should  embrace  a  large  angle  and 
thus  satisfy  the  wants  of  the  eye;  but,  with  the  majority  of  the  attempts 
in  this  direction  came  other  evils,  the  greatest  of  which  was  distortion  of 
the  marginal  lines.  The  aplanatic  lens  of  Grubble  is  said  to  comprise  an 
angle  of  70°,  but  in  a  view  before  me  of  Trinity  College,  Dublin,  taken 
with  this  lens,  there  is  a  curvature  of  the  straight  lines  of  the  roof  of 
more  than  one-eight  cf  an  inch  in  its  length.  Mr.  Sutton's  panoramic 
lens,  a  sphere  of  glass  filled  with  water,  includes  a  very  large  angle,  over 
100°,  on  the  base  line,  but  the  pictures  are  produced  on  curved  plates, 
which  require  curved  holders,  baths,  and  printing  frames,  and,  in  the  case 
of  architectural  pictures,  the  right  lines  are  distorted,  unless  the  picture 
be  bent  to  the  curvature  of  the  plate  upon  which  it  was  taken,  and  thus 
-viewed  near  the  centre  of  the  curvature. 

The  Harrison  and  Schnitzer  globe  lens  consists  of  two  achromatic  me- 
niscus lenses  placed  with  their  concave  sides  together,  and  so  made  that 
their  outer  curved  surfaces  form  part  of  a  perfect  sphere  and  the  light  is 
admitted  through  an  aperture  placed  midway  between  the  two  lenses,  i.e., 
in  the  exact  centre  of  the  external  sphere.     The  annexed  figure  represents 


one  of  these  instruments,  A  and  B 
being  the  meniscus  lenses,  and  C 
the  centre  opening  through  which 
the  rays  of  light  pass.  The  focus 
of  such  a  lens  one  and  three-quar- 
ter inches  in  diameter  is  two  and 
one-half  inches  for  distant  objects, 
measuring  from  the  surface  of  the 
back  lens  to  the  ground  glass  D. 
The  circle  of  light  produced  is  five 
inches  in  diameter,  and  from  this 
may  be  cut  the  ordinary  3  inches 
square  of  a  stereoscopic  picture. 
The  included  angle  of  light  in  the 
five  inch  circle  is  75°,  and  in  the 
three  inch  square  picture  cut  from 
it  is  contained  just  four  times  the 
area  of  any  instrument  I  have 
ever  tried,  suited  to  similar  work. 
The  remarkable  property  of  this  lens  consists  in  its  absolute  correctness  of 
reproduction.  If  it  is  used  for  copying  purposes,  the  marginal  lines  are 
copied  as  straight  as  the  originals,  and,  if  a  copy  be  made  the  same  size  as 
the  original,  the  photographic  copy  will,  if  laid  upon  the  original,  match 
it  in  every  line.  I  have  said  that  the  globe  of  2^in.  focus  will  make  a 
circle  of  light  of  gin.  diameter.  This  is  when  a  distant  landscape  is  in 
focus.  If  it  is  used  for  copying,  the  circle  of  light  increases  in  diameter 
as  the  object  approaches  the  front  lens  and  the  ground  glass  recedes  to 
focus,  so  that  an  instrument  which  will  cover  a  given  size  plate  for  views 
will  cover  one  of  twice  the  size,  when  reproducing  the  size  of  the  original. 
As  the  lenses  increase  in  size  and  length  of  focus,  the  plates  covered  in- 
crease in  size,  and  the  amount  of  glass  in  the  lenses  bear  a  larger  propor- 
tion to  the  brass  work  in  which  they  are  mounted,  and  hence  the  included 
angle  of  vision  is  increased,  so  that  while  in  the  2jin.  globe  the  included 
angle  is  75°,  in  a  12in.  globe  (that  is,  one  of  12"  focus)  the  included 
angle  is  over  90°.  It  has  been  said  that  the  light,  being  admitted  through 
a  round  hole  in  a  plane  plate  in  the  centre  of  the  instrument,  must  be  much 
more  intense  at  the  centre  of  the  field  than  at  the  margin,  and  some  writers 
have  stated  this  fault  to  be  one  of  great  magnitude.  Practice,  however, 
does  not  show  the  evil  to  be  so  great  as  they  represent,  if  it  exists  at  all. 
By  reference  to  the  cut,  it  will  be  seen,  that  the  dotted  lines  x  x  repre- 
senting a  pencil  of  light  of  the  diameter  of  the  centre  opening  passing  through 
the  axis  of  the  instrument,  and  y  y  representing  a  pencil  of  light  passing 
through  the  same  opening  obliquely,  doubtless  the  area  of  the  centre  one 
will  be  the  largest,  but  as  it  passes  through  much  thicker  glass  than  the 
rays  y  y,  may  not  the  ultimate  effect  of  each  be  equalised  ?  I  do  not  pre- 
tend to  any  knowledge  of  the  theory  of  optics,  and  must  confine  myself 
to  facts.  In  the  trial  of  many  of  these  lenses,  of  different  sizes,  I  have 
never  found  the  evil  to  exist,  and  all  the  pictures  I  have  made  with  the 
globe  lens  are  remarkable  for  the  even  illumination  of  the  field.  At  the 
last  two  meetings  of  the  Photographic  Society  of  Philadelphia  (February, 
1863),  the  merits  of  these  lenses  have  been  discussed — full  credit  for  cor- 
rectness of  reproduction  was  recorded  to  them  by  all ;  but  the  quickness 
of  working  was  questioned  by  one  gentleman,  who  stated  that  in  broad 
sunlight  he  had  exposed  an  engraving  for  several  minutes  and  had  obtained 
an  under-exposed  negative,  while  all  others  present  who  had  tried  them 
were  unhesitating  in  their  assertions  that  they  were  remarkably  quick 
workers  when  the  size  of  aperture  was  taken  into  consideration.  A  few 
days  ago  I  placed  in  bright  sunlight  an  engraving  from  the  London  Art 
Journal,  and  copied  it  on  a  6i  by  8i  plate  with  the  same  size  instrument 
as  was  used  by  the  gentleman  who  questioned  its  quickness.  An  exposure 
of  25  seconds  gave  an  impression  which  flashed  up  instantly  under  the 
developer,  assuming  great  intensity  in  the  light  and  showing  unmistakable 
symptoms  of  over  exposure,  so  that  I  can  see  no  reason  why  the  same 
law  should  not  hold  good  with  these  lenses  as  with  others,  viz  :  that,  with 
the  same  area  of  opening  to  admit  light,  the  shorter  the  focus  the  quicker 
they  will  work.  For  interiors,  the  short  focus  and  large  angle  of  vision 
possessed  by  these  instruments  render  them  invaluable,  and  as  they  are 
provided  with  a  revolving  diaphragm  plate  in  the  centre  (not  shown  in 
the  cut)  various  sizes  of  aperture  can  be  brought  into  position,  just  as  the 
stops  under  the  table  of  some  compound  microscopes  are  arranged,  and 
thus  the  largest  amount  of  light,  consistent  with  sharpness,  admitted. 

In  the  English  journals,  when  the  accounts  of  this  instrument  were 
first  published,  it  was  denounced  in  no  measured  terms,  as  being  con- 
structed on  erroneous  principles,  and  the  assertion  has  even  been  made 
that  its  very  shape  must  give  fearful  distortion  to  marginal  lines,  but 
since  it  has  been  proved  to  be  no  failure,  and  its  success  is  no  longer  an 
experiment,  comes  the  unwilling  acknowledgement :  "  The  principle  of  its 
construction  must  ensure  correct  marginal  lines,"  and  last  of  all  comes  the 
declaration  that  it  is  "  old,  very  old."  Everybody  had  been  making 
them  for  years,  and  there  is  no  merit  of  invention  due  to  the  patentees! 
Granting  that  lenses  may  have   been  made  with  an  external  spherical 
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focus,  as  is  tbe  Sutton  case,  it  will  be  difficult  to  produce  a  lens,  made  , 
previous  to  the  invention  of  this  now  described,   composed  of  two  achro-  I 
matic  meniscus  lenses  combined,  as  these  are,  and  producing  a  like  result. 
The  theory  of  operation  and  mode  of  construction  of  the  globe  leasee 
admit  of  their  being  readily  made  of  various  focal  lengths,  and  thus,  by 
the  use  of  a  series  of  instruments,  the  whole  included  angle  can  be  made 
available  on  any  size  plate  that  may  be  desired ;  the  six  inch  focus  cover-  | 
ing  a  6iin.  x  8Mn.  plate  and  the  12in.  focus  lens  covering  liin.  +  ISin.,  each  I 
including  the  same   angle.      One  great  advantage  of  short-focus  lenses, 
when  there  is  no  spherical  distortion,  is  in  the  appearance  of  perspective  ' 
produced.     If,  for  instance,  we  would  view  a   machine  or  statue  to  the  i 
best  advantage,  we  stand  at  such  a  distance  from  it  as  will  admit  of  our 
viewing  the  whole  of  it  in  the  eye  at  once,  and  can  then  best  judge  of  its  ! 
proportion.     If  now  a  picture  be  made  by  an  instrument  of  long  focus,  it 
will  be  so  far  away  from  the  object  to  be  depicted  as  to  make,  as  it   were, 
too  nearly  a  plane  or  tlat  view  of  it,  deficient  in  perspective  effect.     With 
the  very  shortest  focus  of  this  new  lens  (the  2^in.  focus),  this  perspective 
effect  may  be  too  much  exaggerated,  but  with  all  the  other  sizes  it  is  not, 
and  with  the  globe  lens  and  with  this  only   have   been  produced   pictures 
which  seem  to  me  to  convey  a  just  idea  of  size  and  proportion.     The  short- 
ness of  their  focus  adds  much  to  their  portability,  as  the  camera  is  made 
smaller  than  usual,  and  amateur  field  photography  with  the  globe  lens  and 
dry  plates  is  a  pleasure  in  place  of  labour.     Its  advantages  may  be  summed 
up  in  a  few  words.     Short  focus,  clear  definition,  wide   angle  of  included 
vision,  absolute  correctness  of  copy  on  a  plane  surface,  and  tolerably  quick 
work.     It  takes  the  place  entirely  of  the  orthoscopic  lens,  giving  absolute 
correctness  to  marginal  lines,  while  the   orthoscopic  was  only  approxi- 
mately correct.     It  fills  all  the  requirements  of  a  lens  for  landscape  and 
architectural  work,   and   is   wanting  only  in    the  one  thing    of  absolute 
instantaneity  of  action. 


BOYAL  INSTITUTION  OP  GREAT  BRITAIN*. 


AN  ACCOUNT  OP  SOME  RESEARCHES  ON  RADIANT  HEAT 

By  .John  Tvmhi.i..   Ks,(„   I    l:  — 
In  his  former  researches  on  the  radiation  end  shsorptkra  of  heat  by  g m 
matter,  the  speaker  compared  different  gases  and  vapours  at  a  common   thick- 
.vith  each  other;  one  part  of  US.  uiewni  objost   WUI 

thicknesses  of  the  i.niic  gaseous  body  with  each  other  as  to  tln-ir  action  upon 
radiant  heat  A  few  years  ago  be  would  be  deemed  a  bold  man  who  would 
attempt  to  measure  the  action  of  an  inch,  or  indeed  of  mam  i-,  on 
radiant  heat  :  but  the  present  experiments  aommenoe  with  :  only 
ODi  of  an  inch  in  thickness,  and  attend  to  thickneeees  of  iu'lm.  Ana,  the 
greatest  thickness  is  to  tbe  least  Dearly  in  the  ratio  of  1  t..  6000.  The  appa- 
ratus employed  for  the  smaller  thicknesses  was  a  hollow  cylinder,  out  end  oi 

which  was  closed  by  a   plate  of  rock-alt.     Into   this   titt.-d   a    MOOnd   Cylinder, 

with  it-  end  also  closed  by  a  plate  of  the  -alt.    one  cylinder v.-l  within  the 

other  like  a  piston,  and  by  this  mean-  the  two  plates  of  salt* 

into  flat  contact  with  each  other,  or  could  l»-  sepai 

Tbe  distance  between  the  plates  was  measured  bj  I 

placed  horizontal,  being  suitably  oomuetad  with  a  source  ol 

consisted  ol   b  plate  of   copper,  against    which   a  rtaadj   ibeel  of  flami 

aanaad  to  i>hiv. 

The  absorption  of  radiant  beat  by  carbonic  oxide,   carborm 
ovide,  and  olefianl  gas  wai  determined  with  thin «] 
m   might  be  ascertained  from    former    researches  wew    found      0 

maintained    its    great    superiority    os.i    the  it    all    the 

layer  of  this  gas,  not  more  than  Of)]  ol  an  inch  in  tbfc  I 

1  per  cent,  of  the  total  radi  ition  ;  and  the  ■■ 

interred  tann  tbe  fact  that  this  absorption, 

the  layer  ■  mall  absolnti 

ot  the  galvanometer.     'It    would  be   certainl)   i  i 

of  a  layer  ol  thii  gasot  leas  thickness  than  the  paper  on  which   tl 

are  printed.)     A  layer  ol  olefianl  gas,  Sin.  in  thicki 

lent,  of  the  entire  radiation.    The  inflnenoa  ot  adiatbei  lesarrormd- 

ing  a  planet  may  be  '      ' "  "' 

olefianl   gas,  2in.  thick,  surrounding 

hindrance   to  1 1>.    solar  iai-  in  thsil    Saitbws 

and  in  great  part  return,  80  per  cent,  ol  men  a 

osnopythe  surface  ot  the  earth  would  opera- 

ton.    A  layer  ol  tb  -  is,  3-lOths  '  tercepts  11 

the  whole  radiation.    Such  lifmaed  th 

thick,   would    be    for    mi  •  I    than    tl  vaponr   aetuallj 

diffused  through  the  air;  -till  it  would  produce  an  absorption  greater  thai 
which  the  speaker  bad  assigned  I  ''■  aitbin 

earth's  surface.     In  the  prat 

be  disposed  to  base  on  the  phene  vapour are 

entirely  devoid  of  weight 

In  measuring  the  action  ot 
was  pursued: — A  brass  cylinder,  IK'liii 
plates  of  rock  salt,  and  a  suitabh 
from  this  source  passed  through  the  ti  be,  and   • 
pile  placed  at  its  opposite  end:  this   radiation  wa 
heat  emitted  from  a  cube  of  boili 
the  pile.     The  interception  of  any  port: 
by  B  gas  or  I  iponr  introduced  into  the   tube 


.  and  the  amount  intercepted  was  declared  by  the  galvonometer. 
The  thickness  traversed  by  the  calorific  rays  was  varied  in  the  following  way  : — 
The  tube  was  divided  into  two  distinct  compartments  by  the  introduction  of  a 
third  plate  of  rock  salt.  Let  us  agree  to  call  the  compartment  most  distant 
from  the  pile  the  first  chamber,  and  that  adjacent  to  the  pile  the  second 
chamber.  The  experiments  began  with  the  first  chamber  short  and  the  second 
chamber  long,  and  ended  with  the  Brat  chamber  long  and  the  second  chamt* 
The  alteration  oonaiated    solely  in  the   shifting  '-mediate  plate  ot 

salt,  which  lengthened  the  tirst  chamber  and  diminished  the  second  one  by  the 
same  quantity  -.  the  sum  of  the  lengths  of  both  chambers  being  the  constant 
quantity,  19'4in. 

The  absorption  effected  in  the  first  chamber  acting  alone  was  first  determined  : 
then  the  absorption  effected  in  the  second  chamber  acting  alone:  and, 
the  absorption  effected  when  both  the  chambers  were  occupied  by  the  ga«  or 
vapour.     This  arrangement  enabled  the  speaker  to  check   his 
also  to  examine  the  effect  of  the  sifting  which  occurred  in  tl 
the  absorption  of  the  second  one.     The  thermal  coloration  of  the  various  ga«o> 
was  rendered  strikinirN  manifest  by  these  experiment-.     For  the  . 
of   the  rays,  for  example,  carbonic   oxide  and   carbonic  ac  -panrni. 

I'lacing  a  stratum  of  carbonic  oxide,  sin.  in  length,  in  front  of  a  i 
same  gas.  Tl"4in.  long,  these  Bin.  intercepted  «5  per  cent,  of  the  whole  ra  ! 
placed  behind  a  column,    U'lin.  long,  tbe    absorption    of  the  tame  Siu.  wa« 
sensibly  nil.     So  also  with  carlnmic  acid  :  Big    in    front    absorbed   OJ   per  crnt., 
while  placed  behind  the  edict  was  shuoal  saro.     >:mdar  remark- 
other  erases,  the  reason  manifestly  being  that  when  the  Mu.  -tratuin  i»  in  front, 
the  main  ]>ortion  ot  the  rays  which   _-i\e   it    it-   thermal   ..dour,   while, 
when  it  is  placed  behind,  these  same  rays  have  been  almost  I  drawn. 

and  to  the  remaining  'J4  ]>er  cent.,  or  thereabouts,  of  the  radiation  the  gases  arc 
sensibly  transparent. 

An  extension  of  this  reasoning  ena  besom 

of  the  absorptions  nt  the  two  chambers  taken  separately  mn*t  alwaya  I*  irrratcr 
than  the  absorption  effected  by  a  single  column  of  the  gas  ot  ,i  h 
tin    mm    Of    tlie   two    chamber-.       Tin-  coiiclu-lou    is  illustrated 
manner  by  the  experiments;  and  it  i-  furthei  found  that  wl 
sums  of  the  absorptions  is  divided  by  tin  a  totieat 

ly  the  same  for  all  gases.     It  may  also 
similar  to  the  foregoing,  that  the  sum  ol  the  al>«urptioiis 

approximate  to  the  absorption  of  the  sum.  a-  the  tiiv'  chambers  beooute  more 
unequal  m  length,  and  that  the  sum  ol   till 

a  maximum,  when  theme.li.il   roak  ill   plate  divides  the  long   I 
equal  compartment-. 

In  these  day-    a   special    int.: 
through  itaell  or  through  any  othei  .  rataoa. 

The  speaker  referred  to  the  reaiilt- oi  an  rlaborat. 

i  rimratal  to 
compartments  by  a   partition   ot   \,„  k--.il!       All    I  at    were 

abolished,  and  the  pile,  tarnished  with  it- , 

the  tube.     The  compartment  »'  was  lo 

i.  whil.-  that  inoel 
It  i-  kuowi 
maaa  of  matter  ii  slwayi  I   weight 

railing  to  the  ..nth.  and  a  ball  strikis  .    The 

.  and  in  ths  pr<  sent  ex] 
it.  .1  b)    tin  i  olh-ion  ..I    ' 
■i  the  iuIh   when  they  rushed  In  to  till  tli 
in  lad.  what  I 

i.in.-  on.  ihorteni  th  was  alwa\« 

n-tant  length   U"  till. 

The  experiments  with  the 
mt..  which  the  ml-  a 

the  vapour  a 

tbe  pile.     This  air  Ih- 
'  vapour,  and  tin-  latter  mine 

tin/  tuun, 
fork.. 

What  the  - 
I  tary    atom.       1 
atom  radial 

Itllt    III    «...»!  itioll    With  s'llj 
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polished  within,  the  entrance  of  the  air  produces  a  deflection  of  7"5  degrees, 
this  being  due  to  the  emission  from  the  warmed  surface  of  the  tube.  A  lining 
of  paper  two  feet  long  raises  the  radiation  sufficiently  to  drive  the  needle 
through  an  arc  of  80  degrees,  while  a  ring  of  paper  H-in.  long  placed  within  the 
tube  radiates  sufficient  to  urge  the  needle  through  an  arc  of  56  degrees. 

The  speaker  finally  examined  the  diathermancy  of  the  liquids  from  which  his 
vapours  were  derived,  and  the  result  leaves  no  shadow  of  a  doubt  upon  the 
mind,  that  both  absorption  and  radiation  are  molecular  phenomena,  irrespective 
of  the  state  of  aggregation.  If  any  vapour  is  a  strong  absorber  and  radiator, 
the  liquid  whence  it  comes  is  also  a  strong  absorber  and  radiator.  The  molecule 
carries  its  power,  or  want  of  power,  through  all  its  states  of  aggregation.  The 
order  of  absorption  in  liquids  and  vapours  is  precisely  the  same ;  and  the  speaker 
looked  forward  with  hope  to  the  application  of  these  results  to  other  portions  of 
the  domain  of  thermotics. 


ON  THE  DIRECT  MEASUREMENT  OP   THE   SUN'S   CHEMICAL 

ACTION. 

By  Pbofessok  Roscoe,  B.A.,  F.C.S. 

The  life  of  the  animal  may  be  described  chemically  as  a  process  of  oxidation ; 
the  tissues  of  his  body  are  continually  undergoing  combustion  ;  he  is  constantly 
breathing  out  carbonic  acid  gas,  and  thus  deteriorating  the  ocean  of  air  at  the 
bottom  of  which  he  lives  and  moves ;  so  that,  were  not  a  counteracting  influence 
at  work,  he  would,  during  each  moment  of  his  existence,  be  working  his  own 
destruction.  This  counteracting  influence  is  exerted  by  vegetables,  whose  life  is 
chemically  characterised  by  a  change  opposite  to  that  of  the  animal,  that, 
namely,  of  deoxidation  or  reduction.  Animals  take  up  oxygen  and  give  off  car- 
bonic acid  ;  plants  reverse  the  process,  they  take  up  carbonic  acid  and  give  off 
oxygen  ;  and  thus  the  balance  of  atmospheric  life  is  kept  always  true. 

The  animal  derives  its  power  from  the  forces  locked  up  in  the  vegetable 
organisms  which  constitute  its  food,  and  of  which  it  builds  up  its  tissues.  When 
they  are  destroyed  hy  the  action  of  the  atmospheric  oxygen,  these  forces  become 
evident  either  in  motion  of  the  masses,  constituting  mechanical  action,  or  in  the 
motions  of  the  particles  constituting  heat,  or  other  manifestations  of  energy. 
The  animal  cannot  create  force ;  he  can  only  direct  its  application  :  he  cannot 
move  a  muscle  without  a  certain  given  quantity  of  force  being  changed,  without 
a  certain  portion  of  the  tissues  undergoing  oxidation,  an  amount  which  is  regu- 
lated by  the  grand  principle  of  the  conservation  of  force — so  that  the  total 
energy  which  the  animal  exhibits  is  regulated  by  the  same  laws  which  apply  to 
the  work  of  the  steam  or  electro-magnetic  engine.  Every  pound  of  carbon 
burnt  to  carbonic  acid  in  the  animal  body  evolves  heat  enough  to  raise  the  tem- 
perature of  80801bs.  of  water  1°  centigrade,  or  can  produce  a  mechanical  effect 
sufficient  to  raise  2784  tons  one  foot  high. 

The  source  of  the  power  of  the  animal  is  evident ;  it  lives  upon  the  force 
which  has  been  accumulated  hj  the  plant.  The  animal  world  cannot  continually 
withdraw  energy  from  the  plant,  unless  the  latter  receives  as  continual  a  supply. 
The  source  of  this  energy  is  the  sun  ;  the  plant  sucks  up  or  absorbs  the  rapidly 
vibrating  solar  radiations  and  stores  them  up  to  be  given  out  again  in  the  various 
forms  of  energy  when  the  vegetable  tissue  is  destroyed  by  oxidation. 

It  is  only  in  the  presence  of  the  sunlight  that  the  true  function  of  plant  life 
can  be  exercised.  It  is  the  sunlight  which,  acting  on  the  green  colouring  matter 
of  leaves,  decomposes  the  carbonic  acid  of  the  air  into  its  constituent  elements, 
enabling  the  plant  thus  to  assimilate  the  carbon  and  to  turn  the  free  oxygen  back 
into  the  air. 

Only  those  of  the  solar  rays  which  vibrate  the  most  rapidly  are  able  thus  to 
tear  the  particles  of  carbon  and  oxygen  asunder,  or  to  effect  a  chemical  change  ; 
and  these  most  refrangible  or  violet  rays  have,  therefore,  been  called  the  chemi- 
cal rays  —not  that  there  is  any  difference  in  kind  between  these  and  the  other 
solar  radiations ;  they  all  differ  only  in  a  wave  length  and  in  an  intensity  of 
vibration. 

These  blue  rays  then,  falling  on  the  green  portions  of  plants,  are  absorbed  to 
do  work  ;  their  rapid  vibrations  are  used  up  to  set  free  the  carbon  and  oxygen, 
and  the  heat  equivalent  to  these  absorbed  vibrations  is  again  given  off  when  the 
carbon  thus  produced  is  burnt. 

The  speaker  illustrated  the  chemical  activity  of  the  blue  rays,  and  the  inac- 
tivity of  the  red  rays,  by  showing  that  a  bulb  filled  with  chlorine  and  .hydrogen 
explodes  when  exposed  to  an  intense  blue  light,  but  is  unacted  upon  by  an 
equally  bright  red  light. 

The  measurement  of  the  amount  of  these  chemically  active  rays  falling  at  a 
given  time  upon  a  given  spot,  must  be  of  the  highest  meteorological  interest, 
as  their  variation  forms  a  most  important  element  in  the  changing  plant  and 
animal-producing  power  of  a  country. 

Three  years  ago  (March  2, 1860),  the  speaker  brought  forward  the  results  of  a 
series  of  experiments  undertaken  by  Professor  Bunsen  and  himself  for  the 
purpose  of  obtaining  a  means  of  accurately  measuring  the  chemical  action  of 
sunlight. 

The  measure  consisted  in  the  quantity  of  hydrochloric  acid  formed  bj-  the  ac- 
tion of  light  upon  a  mixture  of  equal  volumes  of  chlorine  and  hydrogen  gases. 
The  authors  succeeded  in  arranging  a  most  accurate  and  reliable  chemical  photo- 
meter, by  help  of  which  the  laws  regulating  the  chemical  action  of  light  were 
investigated,  and  the  distribution  of  direct  and  diffuse  sunlight  upon  the  earth's 
surface  determined  when  the  sky  is  unclouded*  The  delicate  nature  of  the  in- 
strument, which  the  sensitive  substance  rendered  necessary,  precludes  the  general 
use  of  this  chlorine  and  hydrogen  photometer,  and  the  method  is  likewise  inap- 
plicable when  we  wish  to  measure  the  total  effect  produced  by  the  varying  cloud 
and  sunshine  of  our  changing  climate. 

The  object  of  the  present  research,  carried  on  by  Professor  Bunsen  and  the 
speaker,  has  been  to  invent  an  easy  and  reliable  mode  of  measuring  the  daily 


*  Phil.  Trans,  for  1857,  pp.  355,  381,  601;  for  1859,  p.  879. 


variation  in  the  sun's  chemical  intensity  which  should  be  applicable  to  regular 
meteorological  registration. 

Thermometric  observations,  giving  the  mean  monthly  or  yearly  temperature  of 
a  country,  by  no  means  yield  all  the  data  required  for  the  estimation  of  the  true 
climatology  of  the  place,  or  of  its  plant  and  animal-producing  capabilities.  Por 
this  purpose  we  require  to  have  not  only  the  amount  of  solar  heat  directly  or  in- 
directly reaching  the  spot ;  but  likewise  the  amount  of  chemically  active  solar 
light  which  falls  there.  This  is  strikingly  seen  when  we  compare  the  mean  annual 
temperature  of  Thorshavn  (Faroe  Islands)  with  that  of  Carlisle. 

Temp.  Fab.  Diff. 

Thorshavn N.  lat.  62°    2'      W.  long.  6°  46'        45a6>  l0.„ 

Carlisle    54°  54'       2°  58'        46°'9)  L  a' 

In  these  two  situations  the  mean  annual  temperature  is  nearly  equal,  but  the 
quantity  of  sunlight  falling  upon  these  two  places  differs  most  widely,  and  we 
have  a  corresponding  difference  in  the  true  climatological  relations.  Owing  to 
the  constant  moisture  and  cloudy  state  of  the  atmosphere,  which  the  sun's  chemi- 
cal rays  cannot  penetrate,  the  flora  of  the  Faroes  and  Shetlands  is  of  the  most 
limited  description,  only  the  most  hardy  variety  of  shrubs  and  no  trees  flourish- 
ing ;  whilst  at  Carlisle  we  have  the  most  luxuriant  vegetation  accompanying  a 
more  sunny  sky.  Thus,  too,  the  mean  summer  temperature  of  Rejkiavik  in  Ice- 
land is  only  3°'8  Fah.  below  that  of  Edinburgh,  whilst  the  difference  between 
the  mean  summer  temperature  of  Edinburgh  and  London  is  5°'4  Fah.  Yet  in 
Iceland  no  tree  grows ;  whilst  between  London  and  Edinburgh  we  notice  no 
marked  difference  as  regards  the  development  of  vegetable  life.  Hence  we  see 
that  places  upon  the  same  isothermal  do  not  necessarily  possess  a  truly  corre- 
sponding climate  ;  this  can  only  be  attained  when,  amongst  other  conditions,  the 
places  are  situated  upon  the  curve  of  equal  mean  chemical  intensity. 

Although  man}'  fruitless  attempts  have  been  made  to  construct  photometers 
by  a  comparison  of  the  blackness  produced  by  sunlight  upon  photographic  paper, 
it  was  found  that  in  this  way  the  desired  end  could  be  attained  by  attention  to 
certain  essential  conditions. 

For  this  purpose  it  was  necessary  to  construct  an  apparatus  in  which  photo- 
graphic sentitized  paper  could  be  exposed  to  the  sunlight  for  definite  times  mea- 
sured by  small  fractions  of  a  second.  This  instrument  consists  essentially 
of  a  pendulum  vibrating  about  f-secouds,  by  whose  oscillation  a  sheet  of 
darkened  mica  is  withdrawn  from,  and  brought  back  over,  a  horizontal  strip  of 
paper  prepared  with  chloride  of  silver,  and  fixed  in  a  constant  position  relative 
to  the  pendulum  and  sheet  of  mica.  The  time  during  which  each  point  in  the 
length  of  the  strip  is  exposed  is  different,  and  the  time  of  exposure  for  each  point 
can  be  calculated  when  the  length  and  position  of  the  strip,  and  the  duration 
and  amplitude  of  the  pendulum's  vibration  are  given. 

The  strip  of  sensitive  paper  presents,  after  exposure,  a  gradual  diminution  of 
shade  from  dark  to  light,  and  for  each  shade  the  time  of  exposure  is  known.  In 
order  that  such  a  graduated  strip  may  serve  as  a  means  of  measuring  the  chemi- 
cal action  of  light,  we  require  : — ■ 

1.  To  know  the  relation  existing  between  the  several  tints  and  the  intensity  of 
the  light  necessary  to  produce  such  tints. 

2.  To  construct  sensitive  paper  which  shall  always  possess  the  same  degree  of 
sensitiveness,  and  can  easily  be  prepared  when  required. 

It  was  found,  by  a  long  series  of  experiments,  that  it  was  possible,  by  adhering 
strictly  to  a  certain  mode  of  manipulation,  to  prepare  standard  papers  which, 
when  made,  possess  a  constant  degree  of  sensitiveness ;  so  that  if  the  same  light 
falls  upon  them,  the  papers  are  always  coloured  to  the  same  tint. 

Experiment  likewise  showed  that  the  tint  attained  by  such  a  paper  was  con- 
stant when  the  quantity  of  light  falling  upon  it  also  remained  constant ;  so  that 
light  of  the  intensity  50  falling  upon  the  paper  for  the  time  1,  produced  the 
same  blackening  effect  as  light  of  the  intensity  1  falling  upon  it  for  the  time  50. 

Knowing  this  law,  which  regulates  the  degree  of  shade  of  the  paper,  and  hav- 
ing a  surface  of  a  perfectly  constant  degree  of  sensitiveness,  it  is  easy  to  obtain 
absolute  measurements  of  the  chemical  action  of  light.  For  this  purpose  an 
arbitrary  unit  of  measurement  is  chosen,  by  making  a  standard  tint  or  paint 
which  can  be  easily  and  exactly  reproduced  at  any  time. 

The  quantity  of  light  which  shall,  in  a  second  or  the  unit  of  time,  produce  a 
blackening  effect  on  the  standard  photographic  paper  equal  to  that  of  the  stan- 
dard tint,  is  said  to  have  the  chemical  intensity  1.  If  the  time  needed  to  pro- 
duce this  same  tint  is  found  by  experiment  with  the  pendulum-photometer  to  be 
2  seconds,  then  the  chemical  intensity  is  one-half,  and  so  on. 

All  that  is  needed,  in  order  to  obtain  accurate  measurements  of  the  chemical 
action  of  diffuse  daylight  or  sunlight,  is  to  be  able  to  find  the  time  necessary  to 
effect  a  blackening  of  the  normal  paper  equal  in  shape  to  the  standard  tint. 
This  is  done  by  the  means  of  the  graduated  strip  made  in  the  pendulum  photo- 
meter. 

For  the  purpose  of  accurately  comparing  these  tints,  the  ordinary  daylight  or 
even  lamplight  cannot  be  used,  as  a  change  would  thereby  be  produced  on  the 
sensitive  paper.  A  light  which  does  not  act  chemically  must  be  used  :  such  a 
light  is  the  monochromatic  soda-flame.  The  light  from  this  flame  possesses 
another  advantage,  namely,  that  the  unavoidable  differences  of  colour  are  not 
seen ;  variation  in  shade  aloue  being  perceptible.  The  speaker  exhibited  the 
accuracy  of  this  method  of  observing  coincidence  in  shade  by  means  of  a  large 
model  of  the  instrument. 

By  help  of  this  soda  flame  the  coincidence  of  shade  of  the  graduated  strip  with 
standard  tint  can  be  read  off  with  the  greatest  precision.  This  fact,  as  well  as 
the  possibility  of  preparing  a  constant  sensitive  paper,  is  seen  by  reference  to 
the  following  tables,  extracted  from  the  detailed  paper  printed  in  the  Philosophi- 
cal Transactions  for  1863. 

Papers  variously  prepared  were  exposed  for  the  same  time  to  the  same  light. 

Each  reading  is  the  mean  of  several  observations ;  identity  in  the  numbers 
shows  identity  in  the  shade,  and,  therefore,  the  constant  sensitiveness  of  the  papers. 

The  standard  paper  is  prepared  by  soaking  photographic  paper  in  a  solution  of 
common  salt  of  given  strength  (3  to  100),  and  then  allowing  it  to  lie  upon  the 
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surface  of  a  silver  solution  (12  NO^Ag  to  100  of  water).  When  the  strength  of 
salt  solution  varies,  the  sensitiveness  of  the  paper  alters  very  rapidly.  Variation 
in  the  strength  of  the  silver-bath  produces,  on  the  contrary,  but  little  change  in 
the  sensitiveness  of  the  paper.  Different  qualities  of  paper  and  alterations  of 
atmospheric  moisture  and  temperature  do  not  affect  the  sensitiveness  of  the  paper. 

1.     Effect  of  altering  the  Strength  of  the  Silver-bath.     Paper  salted  in  a 
Solution  containing  3  parts  Chloride  of  Sodium  to  100  of  Water. 
Ag  NOr,  to  Reaijin.s. 

100  of  water.  Observer  A.  Observer  1!. 

13 128-6  ...  1297 

]o 128-7  ...  127.0 

8 128-7  ...  128-0 

B ■. 1297  ...  1300 

2.     Effect  of  altering  the  Strength  of  the  Salt  Solution. 

Sfa  CI  to  Readin..-. 

100  of  water.  Observer  A.  Observer  B. 

1 626  ...  60-1 

2 83*7  ...  84*6 

3 132-8 

4 167-0  ...  1680 

3.     Experiment  showing  the  constant  Sensitiveness  of  the  Standard  Paper. 


Bright  on  the  picture  ;  : 

which  were  not  caused  by  irregularity  in  the  paper  or  in  tin-  probably 

owing  to  the  presence  oi  clouds  in  the  luminous  atmosphere  of  the  ran,  and  they 
may  probably  have  some  intimate  coanection  with  the  well-known  phenomeua 
ot  the  red  prominences  seen  during  the  solar  echpae. 

Tbe  speaker  concluded  by  stating  thai  he  hoped,  with  the  assistance  of  his 
friend  Mr.  Bazendell,  t..  make  observations  of 

of  the  chemical  intensities  of  many  points  on  the  son  - 


Paper. 

Xa  CI  to 
lOOof  water 

Intensity  No.  1. 

Intensity  N'o.  2. 

Obsi  rverA. 

server  B. 

Upper  part  of  sheet  2... 
Lower  part  of  sheet  2... 

Middle  of  sheet  1  

.Middle  ot  sheet  3    

2-950 
3-026 
3-026 

3-0  u 

702 
706 

71  rn 
700 

68-3 
69-5 

70-4 

101-3 
101-6 

100-9 
1010 

101-6 

101.7 
Ittrfl 

ioo-o 

All  these  papers  were  silvered  in  a  solution  containing  12  parts  of  nitrate  of 
silver  to  100  of  water. 

In  order  to  measure  the  chemical  intensity  of  the  daylight  at  any  time,  all 
that  is  needed  is  to  expose  a  strip  of  standard  paper  in  the  pendulum-photometer 
for  a  given  number  of  vibrations,  and  then  to  find  upon  the  strip,  thus  exposed, 
the  point  at  which  a  shade  equal  to  the  standard  tint  has  been  produced. 
II'  fcrence  to  a  table  give  the  time  of  exposure  necessary  to  produce  this  tint,  and 
the  reciprocal  of  this  time  represents  the  intensity  of  the  acting  light.  It  the 
time  necessary  were  .'!  seconds,  the  chemical  intensity  would  be  .'.  ;  if  tin-  time 
were  h  second,  the  intensity  would  be  2.     In  this  way  curves  of  daily  chemical 

nsity  were  exhibited,  which  show  the  variation  caused  by  clouds,  or  by  the 
changing  altitude  of  the  sun.     These  curves  show  maxima  and  minima  exactly 

esponding  to  the  appearance  and  disappearance  of  the  ran  behind  a  clou. 1. 
The  difference  between  the  sun's  chemical  intensity  in  summer  and  winter  is  thus 
also  clearly  depicted. 

Based  upon  the  principles  of  the  pendulum -photometer,  a  much  simpler  method 

naking  these  measurements  has  been  arranged,  as  follows.  A  graduated  strip 
made  in  the  pendulum-photometer  is  fixed  in  hyposulphite  of  soda,  and  j 
upon  a  board  furnished  with  a  scale.  The  shades  of  certain  points  on  this  fixed 
strip  are  compared  with  the  shades  on  given  poitts  upon  a  graduated  strip  pre. 
1  in  the  usual  way,  and  not  fixed  in  hyposulphite.  The  fixed  strip  is  thus 
calibrated  in  terms  i  t  the  unit  of  measurement,  and  it  may  then  I 

ns  of  measuring  the  chemical  action  of  li^'ht.    Small  pieces  oi  tbe  standard 
paper  are  then  exposed  for  a  given  time  to  the  light  which  it  i,  desired  to  measure, 
ii,'  made  approaches  that  ol  a  part  of  the  fixed  strip.    The  point  of  i 

coincidence  is  then  read  off  by  the  soda   flame  as   n-ual.      In   this  way  a   pil 

standard  paper  of  1  square  inch  of  area  will  serve  for  20  separate  determinations, 
and  the  whole  arrangement  for  exposure  may  be  carried  in  the  pocket.  Thi 
of  the  chemical  intensity  of  da;  and  sunlight  in  Manchester, on  Ma) 
made  with  this  small  instrument,  rally  bear-  out  the  accuracy  and  ease  with 
which  these  measurements  can  be  male,  and  the  results  "i  bis  experiments 
induced  the  xpeeker  t.,  express  a  hope  thai  before  long  these  instruments  maj  be 
introduced  into  meteorological  observatoi 

The  determination   of  the  chemical   brightness  of  the  van. .Us   portions  ..I    the 

sun's  disc  is  an  interesting  application  ol   this  new   method  of   photometric 
measurements,  ,    ,     ■ 

Uy  help  of  ii  camera  placed  on  a  3in.  refractor,  the  speaker  allowed  the    I 
of  the  sun— of  about   lin.  in  diameter— to  fall  upon  the  standard  paper.    The 
picture  thus  obtained  presents  interesting  features;  in  the  flrsl  place,  the 
chemical  intensity  of  the  central  portions  are  8-6  times  if   the 

portions  on  the  limb.    A  difference  of  this  kind,  in  the  cs     ol  the  luminoi 

calorific   ray-,    ha-   already    been   observed    by    a-t  ronoiner-,   and    it 

tensed  by  the  absorption  effected  by  the  solar  atmosphere. 

■  following  result*  were  obtained  by  measuring  the  chei il  brightness  »t 

various  points  on  the  sun's  disc,  on  Maj  9th,  1803;  from  these  numbers  it  will  bi 

seen  that  the  luiuinou-  iiiten  ■  ■  r\   irregularly. 

Chrmi'i!  BrigktutM*  qf  Ami's  Wse, 


BRITISH  ASSOCIATION  FOB  THE  ADVANCEMENT  OF  SCIENCE. 

The  thirty-third   meeting  of  the  1  Jrit  !H.nt  of 

Science  will  commence  in 

August,  1863,  under  the  direction  of  the  foil  -  r  \V,„. 

G.  Armstrong,  F.BJS.    Vice-Presid  Sir  Charles 

Lyell,  I.l..l»..  D.C.L.,  K.K.s..  l-'.ii.s. ;  Hugh  Taylor,  Esq.  thian  1MI. 

Esq.;    Nicholas  Wood,   Esq.;    tl  aple  Chevallier,   BJX,    K  1;  LS 

Wui.   Kairbairn.  K-.p,  I.I.D..  F.R&     General  S 

Esq.,  .M.A..  F.K.s..   St.  r  ,bridgi  \  John  Phillips,  K-i.M.A. 

1. 1.1)..  I'.K.s..  Profess  itheUniven  rd,  Museum  1 

Assistant  General  Secretary  Griffith,   Esq.,   M.A.,   : 

Professor  of  Experimental  Philosophy  in  the  I'nii 
Oxford.    General  Treasurer:  William  b'  \l   \     1 

IK  \  S  ,   a  ~  - 

r  the  m Beting  at  New  i-Tyne:   Ospt,  Noble,    ' 

Hunt   Esq.,  and   R,  C.  Clapham  for  the 

meeting  at  Newcastle-upon-lVne :    I 

The  Genera]  Committee  will  meet  on  Wednesday,  the  S0tb  of  Angusl     I 
p.m,  for  the  election  of  sectional  officers,  and  the  despatch 
brought  before  that  body.    <  »n  this  occasion  there  will  be  pi 
the  Council,  embodying  their  proceedings  during  the  past 
committee  will  meet  afterwards  l.y  adjournment. 

'Ihe  first  general  meeting  will  be  held  on  Wednesday,  ti 
eight  p.m..  when  the  President  will  deliver  an  address;  thi 

Inesday,  the  2nd  of  September,  at  three  p.m.,  when  the  A 
be  adjourned  to  its  net  place  of  meeting, 

At  two  evening  meetings,  which  will  take  place  a;  righl  p.m  .  discourses  on 
certain  branches  of  science  will  be  deliver 

There  will  also  bo  other  at   which  opportunity  will  lw 

afforded  for  genera]  c  mversation  among  thi 

Thet'ouiini'  -    lions  will  meet  daily,  from  Thi 

.y,  the  2nd  ol  September  incl 

The  Section  will  :  Irom  Thursday,  tbe  27th  of    ' 

the  l-t  ot  September  incl 

The  following  are  the  I  I  •  to  which 

3  ction  A.  Mathematics  and  Physic*.     II  t'heun.tn  ..■ 
including  their  applicati 

I   including  Physi  H       -  I'      K.  (•< 

Ethnology.     K.  Be a      - 

Notices  of  communications  inl  read  to  tin   I 

by  a  -tatemeiit  whether  the  author  will  l>c  ; 

_•■■  Griffith,  1  -    .  M  \ 
Oxford;  orto  Capt. Noble,  A 

K-.p,  N'"Veastle-U|H.n-T>  lie. 


The  grnrral 

.  will 


1.  At  Centre  ..:   - 
Disc. 

2.  W  from  i 

M    P          Equal 

in. 

No.  1     100-0 

No.  2    100-0 

S.  Pole.     Kqoatoi      -    Pol 
38-8           i-  i       ..  68-1 
H  i                             66-fl 

TRIAL  l 

We  -ive  on  the  following  pagi  *  '  f  the  perf 

tin-  anginas,  a'  the  public  competition  which  took  place  in  the  grounds  ot 

.  '.rd  nit.,  iindci  i h 

rovld 

should,  upon  trial. 

men, via. i — Chairman     It  I   Sutherland 

Hon.  the  Birl    ll  '    lithnew;  I/onl  ltirh.i  [.P.  j  J    (1     Vppold, 

Eaq. ;    'I.  !'■                   •  I   :  vV.  M  i     I     . 

W.  If.  Croesland,  Beq  ■.  w  Pairbairn,   K*q.  i  T.  II                            i    i 

,  11.  Esq.  :    i 

'•'■ 
I 

.    mid    lb. 

■ 

•  tcmrn  . 

.•.    »nd  I 


the  I  . 

Tie 

a.lliti  .ii  to  I 

the  f  ilw  nsae 

oiler   polnl 

Srqjeoted  with  the  Imst  amount 
DrabUltj  of  pirt«. 

The  d 

been  IVtrnlshed  bj  I  lore  these* 

«'parat<'  t.ildr«. 
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LARGE  CLASS. 


First  Telai. 
Delivering  1000  gallons  into  a  tank  at  a  true  distance  of  67ft.,  and  27°  from  the  horizon. 
Depth  from  which  water  was  drawn,  4ft.  6in.    The  water  in  the  boiler  being  cold  when 
the  signal  was  given  to  commence,  each  engine  commencing  to  work  on  attaining  steam 
pressure  of  1001b.  to  the  square  inch 


Secoxd  Tkul 

Delivering'  1000  gallons  into  tank  at  same  distance  commeuiUi. 
full  steam. 


No. 

XiJTE. 

Time  of 

raising 

Steam 

to  lOOlbs. 

Time 

of 
filling 
Tank. 

Total 
Time. 

Bemark.-. 

No. 

BUxx. 

Steam  at 
Begining. 

during 
Work. 

Time 
of 

•  :.;!..• 

Tank. 

Remark>. 

1 
2 

1     4 

Easton  &  Amos  ... 

Merrvweather  &  \ 
Son    J 

Shand  &  Mason... 
Butt  &  Co 

13  14 
10  25 

10  51 

16  30 

11  40 

6  16 
9  42 

12  19 

19  30 

20  l\ 

23  10  j 

1 

Began  to  work  at  lOOlbs.,  'fell  di- 
rectly to  401bs.,  and  continued  so 
throughout ;  stopped  and  steam 
rose  to  1301bs. 

Suction    pipe    choked;     left    off 
working  about  2  minutes. 

1 

2 
3 

4 

Shand  4  Mason... 

100 
lot 

115 

90 

■ 
l    I 

S    7 

12  30 

Not  Ulad, 

Merryweather  &  \ 

6  48  i  23  18 

20  21  !  32    4 

5  1  Easton  £  Amos... 

1 

Thied  Tblll. 
Delivering  into  Large  Tank. 


Xamc. 


Merryweather  &  1 
Son    J 


Shand  .'. 


Roberts 


Butt  &  Co. 


Rlcol   [Manhat- 
tan)   


No. 


Time. 


i    - 
- 


hr.  min.  sec. 
1    24    55 


i)   ia  to 


l    H 


1!" 


Ho 


12o 


It" 


H" 


120 


i: 


i :  *  ii 


St    . 

Ill 


ft.  in. 
164 


18-4 


U  l 


mi 


1.1 1 


U  I 


q   o 

'i  I 


10 


40 


10 


10 


I" 


v 


40 


1" 


40 


=  _ 


10 


u> 


58 


18 


M 


i  5 


- 


M 


IC 


IE 


II 


ii 


B8 


Koi «tn  T 


2 

s 


BO 


:•• 


:> 


ii 


- 


:  - 


i: 


16-086 


•.,.,. 


B  HO 


(  BOlbi  j 


n  \ 


( »»ib. ) 


rhtedat  Mi.  Im.U*.;  nuat 
th.   12m.  27a, ;  wmtir 


.!     Mil. 

at    11 

lib   I 


.     Mb.  17m.. 
al  111..  » 


.,,.]'.; 


. 


l 
■i 

i 


N  « w  i 


BotxTt* 

I 


f! 

U 

u 


Omv'~  Engine  lighted  in-   ,i  7h.  7n     i"       •■  «   '' ''•■    ,#  ' 


184 


Trial  of  Steam  Fire  Engines. 


["The  Aetiza.k, 
L  August  1, 1863. 


•pasn 

3 

A 

Q 

1    asojj  .C.xcuip.to  ;o  aztg 

-<N 

N 

N 

•adid  uoijang  jo  azig 

it 

1 

£ 

CQ 

^ 

t3 

03 

<J 

CD 

C3 

_J 

■   O 

> 
"3 

3 

3 

03 

> 

a>  h 

> 

is  ° 

> 

r^1 

>  w 

O 

Sens  ^  r^ 

> 

o-2 

®  rt^tJ 

o 

g 

33  £ 

3 

g^'H  e  & 

n 

?  3 

rt 

O^'^'l:^! 

03 

03 

£ 

■      „*3 

a 

«co 

5  cc*j! 

£ 

»o  S    . 

GO 

CO 

Q«°i 

B 

--.      M                 £- 

=  s"s  £ 

o-" 

< 

Nc- 

»5     & 

1-1  p1 

£3 

£ 

s 

„• 

»3 

3 

~ 

M 

> 

c 

[3 

03 

5.Q 

■S"B  ^"3  »  % 

•2-     3     «*" 

3   r-   «   M        rf 

a*-1  a     s 

SUSS" 

PS  5-K.E.S^ 

03 

CM 

•§.3   • 

a 

.s'f's^ 

~?  a> 

r^ 

•JSUOff 

Sg-o 

M6^        '3^ 

"5'g  £*"  S 

guipaaj    jo   apojf 

sS  g"2"S 

dl^l* 

O'.u 

03    S-i 

aocjjns  Surrsau;  jejox 

Sg 

4« 

=o 

1— 1^, 

■*£> 

•i 

a^ 

*~l±z 

•aoEj.mg.aqnx 

en  Sm 

^=2 

U3 

•aoEj.mg  xoq-ajijj 

"*  .03 

C.3  '3   3  o 

1-1 

•sjuajuoa 

..5 

£-3 

=  s" 

(oiqno)  aoBdg  raBo;g 

■    55g 

■■^T 

1 1J" 
53  ■* 

•H 

03 

•JlJOAv  %v  uaqAk 

"rt    rfi 

s    i 

C  ^  3 

§£■2 

Jaiiog  ui  pauiB} 

oS^-2 
«'  1 

-uoo  .i3}em  jo.CjijuEn?) 

CD— ' 

[3 
3 
"3 

3 

Hi 

.3  3"* 
'a  S3  ^T  no 

■28  -I 

w  rt  _tpo 

■3  §     S 
*.™  re 
-T..S.2  ■ 

p 

"3 

3 

c 

11 11  -ill 

Isili-f 

-a  o         -3  g 

..§8  =3  g 
.  tD-3  P  -»  — 

°9  £       t-  H  3 
"*  o  "   3  s  s 

£■8.2(3  2 

o 

;fcC^  ^  +,  cs 

^-03 

&  tc  ..   •  — • 

03 

-h  j--  Co 

t» 

bC  =  =  "S    03,       0 

Cf 

=§;£;£ 

£  '£  cd  "S 

.«  (M  C    &43   O    S 

'uajsta  jo  33[0.i;s 

00 

cb 

W 

> 

.3 

'""' OS 

■«# 

s'a3*Pj 

£ 

.5 

_: 

,; 

3      O 
fc 

O 

t> 

rt§ 

%       o 

o 

CQ 

to 

^     N 

o 

rt 

03 

o 

5 

<i3 

<3 

Sj 

K 

g 

^ 

w 

•*s 

efl 

S 

he 

2 

s 

3-/2 

to 

^ 

S 

02 

CO 

<j 

a 

< 


o      tC       • 

£  .£    s 


-  .=    ~ 

o      J;      o 

-"      3     > 


ojCC 

3 


&"0 

O.S 

Gv    >-> 

pC    4* 

A! 

■0  « 

£5 

3  3 

g 

«  0 

PS 

•si 

fcog 

"£  £0 

5 

w-,-^ 

-    O 

00 

Ol 

■§.§ 

tf3 

tM 

E^H 

CM 

£=-.=   3 

^    ■* 

r^ 

~~    tN 

E-i      «H 

»o 

CO 

OS 

=*-  »          w 

=).S  §3 

"■         « 

LO 

3  «  qj  0 

H  S"2  O 

^ 

^ 

0 

« 

§ 

£ 

-< 

O 
=3 

03 

CS 

03 

03  CC 

t/2 

1-3 

3 

,_, 

IN 

M 

^ 

^ ;  T3  _2 

03    o   M 

Stog 

3  .£ 
S    4>^ 


0'=   o 
W    U    g 


o  o  0 

1:1     SS  3 
«    --         3 

H'e0  . 
eh  2'5j=^ 
»  ?  ,oi 
K    ^3  ^  CS  ,3 

S-o  3  o 


m  «  3o 
3  s:  P  o 

S  3-  » 
Hoa» 
exc;  3  3 

•S  5  '55  £ 

igx* 

P 


AWARDS. 

At  a  meeting  of  the  Committee  held  on  the  8th  July,  1863,  his  Grace  the  Duke  of  Sutherland  in  the 
Chair, the  following  prizes  were  awarded: — 

LARGE  CLASS. 
Messrs.  Merryweather  &  Sons,  1st  Prize,  £250. 

Messrs.  Shand  &  Mason 2nd  Prize,  £100. 

Mr.  W.  Roberts,  highly  commended. 

SMALL  CLASS. 

Messrs'.  Shand  &  Mason  1st  Prize,  £250. 

Messrs.  W.  Lee  &  Co 2nd  Prize,  £100. 

(Signed)  On  behalf  of  the  Committee, 

SUTHERLAND,  Chairman. 
E.  M.  SHAW,  Hon.  Sec. 
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IRON  FLOATING  DOCK,  SOURABAYA,  JAVA. 

In  The  Artizax  of  February  last  we  gave  a  short  account  of  the  successful 
launching  of  an  iron  floating  dock  at  Sourabaya,  Java.  We  regret,  however,  to 
learn  since  our  first  notice  that,  in  an  engineering  and  commercial  point 
of  view,  the  undertaking  has  resulted  in  a  decided  failure.  The  dock  is,  it 
appears,  now  entirely  under  water.  It  was  put  together  at  Gris-ee,  on  the 
coast  of  Java,  about  nine  miles  from  Sourabaya,  and  was  launched  in  the  novel 
manner  described  in  our  February  number,  viz.,  by  letting  the  water  to  it,  and 
then  towing  it  away.  The  dock  floated  then  fairly  enough,  drawing,  with  engines 
and  appurtenances,  about  two  feet  of  water.  Without  testing  the  capabilities  of 
the  dock  or  the  machinery  in  any  way,  it  was  brought  into  six  fathoms  water, 
anchored,  and  sunk  to  receive  a  small  steamer,  the  Prince  of  Orange.  But  now 
came  the  real  test ;  the  dock  sunk,  not  slowly  but  surely,  going  down  with  great 
rapiditj',  one  end  about  eight  feet  lower  than  the  other.  So  violent,  indeed,  was 
the  descent  that  the  Vrince  of  Orange,  which  was  waiting  just  outside,  was 
drawn  into  the  vortex,  shooting  into  the  dock  like  an  arrow,  fortunately  without 
sustaining  any  damage.  The  parties  in  charge  endeavoured  to  set  the  pump-; 
(which  are  on  the  centrifugal  principle)  to  work,  but  as  the  engines,  which  were 
intended  to  run  at  60  revolutions,  could  only  be  got  to  work  up  to  30,  the  pumps 
would  not  draw  at  all.  The  dock  meanwhile  continued  to  sink  until  the  engine 
fires  were  extinguished.  A  small  portable  engine  and  pump  were  hastily  brought 
and  set  to  work,  but  without  effect.  To  make  bad  worse,  the  anchorage  proved 
insufficient,  and  the  dock  swung  round  on  the  sloping  muddy  bank  on  which  it 
had  sunk,  with  eveiy  change  of  tide,  and  thus  worked  itself  deeper  and  deeper 
still  in  the  mud,  in  which  it  now  lies  imbedded  about  eight  feet  deep.  Endea- 
vours have  been  made  without  ceasing  to  get  it  up  again,  but  with 
In  these  attempts  considerable  damage  has  been  done  to  the  dock,  several  large 
holes  having  been  torn  in  the  plating  by  the  injudicious  mode  of  attaching  the 
chains  employed,  and  competent  authorities  on  the  spot  are  of  opinion  that  the 
dock  will  never  be  brought  up  again.  It  would  be  difficult  to  say  exactly  what 
is  the  real  cause  of  the  disaster. 

The  unfortunate  shareholders  who  have  lost  their  property  make  com- 
parisons with  a  similar  dock  that  is  being  built  for  the  iJutch  Government 
for  Batavia.  We  find  that  it  exceeds  the  dock  at  Sourabaya  in  weight  of 
material  about  50  per  cent.  That  the  Sourabaya  dock  nt  alBO  very  badly 
put  together  seems  to  us  beyond  doubt :  the  bottom  was  the  only  part  at  all  well 
done,  which  accounts  for  the  dock  making  little  water  while  floating  about  two 
feet  deep  ;  but  in  the  sides,  rivets  that  could,  we  understand,  he  shaken  by  the 
fingers,  might  lie  counted  by  hundreds,  and  gaping  seams  tilled  with  wooden 
wedges  were  plentiful. 


CORRESPONDENCE. 
~We  cannot  hold  ourselves  responsible  for  the  opinions  of  our  Correspondents 
To  the  "Editor  of  TnB  Abtizas. 

S:n. — Itissometh  ile  to  transmit  a  motion  nrpowerfr  m  the  place 

where  it   is  generated  to  a   distant  one,  and   having  to  .1    -hould  he 

obliged  to  your  inviting  a  discussion  of  the  subject,  as  follows  : — 

A  water  power  is  at  the  distance  of  800  yards  from  the  mill,  witli  no  means  of 
bringing  it  nearer.    It  is  proposed  to  erect  a  tnrbine  oi  tin-  <■■:  ••■  of  loo 

which  will  drive  a  drum  or  rigger  of  12  feet  in  diameter,  carrying 
a  wire  rope  sustained  at  certain  distances  to  a  drum  I  the  mill.     It  i- 

proposed  that  the  speed  of  the  rope  shall  be  about  30  feet  per  second  :  then 
the  constant  -train  on  it  will  be  about  1800  pounds. 

The  following  are  desiderata  : — Which  would  be  better,  a  steel  or  iron  r 
Its  diameter,  and  weight  per  yard,  and  size  of  wire-  ?     Should  it   he  kept  greased 
or  dry?    What  would  he   its  probable  duration  ?    What  wonld  be  the  probable 
proportions  of  power  absorbed  by  this  method  of  transmission  ?    What  better 
or  less  COStly  method  can  he  devised  ':■— I  am.  Sir.  yours  obediently,  •'. 

To  the  Editor  «/'tuk  Ai:ti/w 
Sir, — In  your  Journal  for  July,   1868,   at   page    1*9,  is   an   arrtii 
Manufacture  of  Duplicate  Machines,"  by  Mr.  John  Ferule,  Assoc.  I  na]    I 
in  which  the  writer  appears  to  think  that  "until  lately,  little  or_  nothing  bad 
been  done  in  it-,  application  to  the  manufacture  of  machines  or  engin 

"until  within  the  last  five  years,  with  the  sanction  >•>  Mr.  Kirth 
I.     motive  Superintendent,  he-  bad  established  the  system  in  the  workshops  oi  the 
■v.  at    Derby,  which  has  pr  nly  in 

il   tie-  work,  hut  in  greatly  improving  it." 

No«  although  Mr.  I  not  be  aware  of  the  circumstance 

thelesi  a  fact,  thai  the  lab  firm  of  Bhai  idl 

the  Grand  Junction  Railway  Company,  before  the  opening  ol  tli 
years  afro,  nil  the  parts  ol  which  were  d         iti     oi  each  otln 
ild  liter  Mr.  Fernie  to  the  then  1 

I  i   Hill   Iron   Worl  ' 

.,„,!    l  ,  thd     Mil- 1    i 

j  fitted  in  evei  |    respei  t;  so  complete)]  i 
thnt  everj  part  of  the  boiler,  tbo  fire-box,  and  smoke-boi  -•.     It 

i-.  well  known  that  the  name  firm  (8h  ir| 
machines  in  duplicnt-i  I    !  user*  ol  thi 

book  ol  plati    ,  showing  all  tho  parts  of  tho  headitock,  with  I  I  num- 

ber ol  each,  lo  eu  ibli  irder  duplu  ••  ■■'* 

RICH  Vltli  Itolll  j   i  -  • 


NOTICES  TO  CORRESPONDENTS. 


BOOKS  RECEIVED.-  TneUattflir  <i 

intula  Railway.  Reprint  ol 

the  lair-  J.J.   Berkley,  Esq.,  M  I  I 

C.E.     Bombay  :  The  Education  S  faille 

des    Machines,  de    Voutillan 

Diri.o-  par.    i '.  A.  Oppermann,  fog 

des  Aii.'  latins. 


J.  A.  G. — Received  and  inserted.     We  !.ball  be  glad  to  hear  from  rou  from  time 
to  time.     The  Journal  has  been  sent  to  you. 

W.  J.  C. — Want  of  space  prevent-  our  giving  insertion  to  the  pla 
but  will  give  it  in  our  next :  meantime,  you  may  -end  us  forth 

Eisex. — The  re-ults  of  Mr.  D.  Kirkaldy's  Experiment!  it  and 

Steel,  the  subject  to  which  you  refer,  was  discussed  some  tuna  since  at  a  meet- 
ing of  the  "Institution  of  Engineers  in  Scotland."  when  Dr.  I  .  .nkine, 
referring  to  his  remarks  upon  these  experiiueir  -  tad   to 
the  experiments  he  had  himself  made  upon  the  fracture  oi  rail 
exhibited  and  explained  drawings  of  some  of  the  fractures.     There  wen?  uiue 
examples,  and  they  might  be  taken  a-  a  fair  repre-eutation   of  the  char 
the  other  examples.     The   first   rive   had   broken  -                        .  and  it  was 
evident  from  the  appearance  presented  that  the  iron  had  invariably  btt-n  of  i 
fibrous  character,  excepting  a  few  small  crystals  about  the  - 
The  other  four  had  been  broken  by  the  hammer,  and  were  all  axles  that  had 
only  run  a  short  time.     Some  of  these  were  Ufa  i  weiv 
crystalline,  showing  that  the  same  iron  would  exhibit  a  ribr 
character,  according  to  the  manner  in  which  it  was  broken.     The  ■ 
woodcut-  (Figs,  1  and  J  i  were  longitudiu  d 

ins  of  the  fibres  near  the  surface,    [n  Fig.  1  the  journal  bad  been  pro- 
duced wholly  by  turning,  and  the  fibre-  «  ently  interrupted  :  bene* 
there  was  a   tendency   for   a   crack  to  begin   at   the   -luulder.     In    I'  j 
journal,  before  being  turned,  bad   been  forged   down  nearly  to  the  proper 
diameter,  the  fibres  were  coutiuuou«,  and  there  was  no  tend  eak  in 
the  manner  before  referred  to.     At  the   tame  meet 
drawing  (shown   in  the  woodcut   Fig,  .'li  of  the  mandril  - 
machine,  and  stated  that  the  fracture  always  t-»..k  place  ..t  the  - 
where  it  was  8|ths  in  diameter.    The  length  ol  thejonmal 
the  fracture  always  took  place  at  the 
reference  to  your  other  queries,  we  an  -'■  i 
Kirkaldy  baa  rmbushed  s  Second  Edition  of  his  "  1: 
enquiry  into  the  tensile  strength  and  other  properti 

Steel,"  from  a  p.-ruvd  ol    wbieh  we  lee!  assured  VOU  "   ''  •   arnre 

a'    a   satisfactory  solution  of  tie 

Leipaig  will  he  able  to  obtain  the  work  for  vou. 


> 
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Recent  Legal  Decisions. — Notes  and  Novelties. 


"The  Aktizas- 

.  August  1, 1863. 


RECENT    LEGAL    DECISIONS 

AFFECTING  THE  ARTS,  MANUFACTURES,  INVENTIONS,  &c. 

Under  this  heading  we  propose  giving  a  succinct  summary  of  such  decisions  and  other 
proceedings  of  the  Courts  of  Law,  during  the  preceding  month,  as  may  have  a  distinct 
and  practical  bearing  on  the  various  departments  treated  of  in  our  Journal :  selecting 
those  cases  only  which  offer  some  point  either  of  novelty,  or  of  useful  application  to  the 
manufacturer,  the  inventor,  or  the  usually— in  the  intelligence  of  law  matters,  at  least 
—less  experienced  artizan.  With  this  object  in  view,  we  shall  endeavour,  as  much  as 
possible,  to  divest  our  remarks  of  all  legal  technicalities,  and  to  present  the  substance 
of  those  decisions  to  our  readers  in  a  plain,  familiar,  and  intelligible  shape. 


Saxby  o.  Stevens.— This  was  an  action  tried  in  the  Court  of  Queen's  Bench  on  the 
8th  ult.,  before  Lord  Chief  Justice  Coekburn  and  a  special  jury,  for  the  infringement  of  a 
patent  for  the  simultaneous  working  of  the  points  and  signals  for  the  prevention  of 
accidents.  The  question  was  of  a  very  complicated  character,  and  was  expectod  to  have 
occupied  the  court  the  remainder  of  the  sittings,  but  at  twelve  o'clock,  when  the  learned 
counsel  for  the  plaintiff  got  about  half  way  through  his  opening  statement,  the  Lord 
Chief  Justice  interposed,  observing  that  if  ever  there  was  a  ease  that  ought  to  be  sent 
before  an  arbitrator,  instead  of  being  tried  by  a  judge  and  jury,  this  was  the  case.  Upon 
that  the  learned  counsel  conferred  together  and  settled  the  terms  of  a  reference,  and  a 
verdict  was  taken  for  the  plaintiff,  subject  to  that  arbitration. 

Southwood  v.  Fairbairn.— The  plaintiff  is  an  engineer  now  living  at  Birmingham, 
but  has  spent  many  years  in  the  Australian  diggings.  On  his  return  home  he  took  out  a 
patent  for  crushing  quartz  and  all  descriptions  of  ore  and  stones,  not  only  for  extracting 
gold,  but  for  the  purpose  of  metalling  roads.  In  November  he  entered  into  a  contract 
with  the  defendant,  an  engineer  in  Southwark,  to  make  and  erect  on  the  defendant's 
premises,  and  work  with  10  or  12-horse  power,  and  make  ready  for  experiments,  one 
of  those  machines  within  two  months  for  ±95,  £40  to  be  paid  during  or  on  the  completion 
of  the  machine.  A  dispute  subsequently  arose,  and  the  defendant  refused  to  complete 
the  contract,  although  the  plaintiff  had  paid  him  £20  on  account.  This  refusal  the  de- 
fendant did  not  now  attempt  to  justify,  and  paid  £40  into  court ;  therefore,  the  only 
question  was  the  amount  of  damages  to  which  the  plaintiff  was  entitled.  The  plaintiff 
claimed  as  damages  his  inability  to  exhibit  the  machine  or  to  execute  various  contingent 
orders  which  would  each  have  realised  a  profit,  or  to  carry  out  arrangements  he  had  made 
for  going  out  to  Australia  to  push  the  patent  under  the  auspices  of  a  company.  The  de- 
fendant contended  that  such  damages  were  rather  conjectural  than  substantial.  The 
learned  Baron  said  the  difficulty  was  to  lay  any  fixed  rule  as  to  what  were  direct  and 
proximate  damages,  and  that  it  was  one  of  those  matters  which  lawyers,  when  puzzled, 
put  upon  the  jury,  but  that  annoyance  or  vexation  arising  from  unpunctuality  was  not  a 
subject  for  damage.  The  jury  found  a  verdict  for  £30  more  than  the  sum  paid  into 
Court. 


NOTES  AND  NOVELTIES. 


OUR  "NOTES  AND  NOVELTIES'*  DEPARTMENT.— A  SUGGESTION  TO  OUR 
READERS. 
"We  have  received  many  letters  from  correspondents,  both  at  home  and  abroad,  thanking 
us  for  that  portion  of  this  Journal  in  which,  under  the  title  of  "Notes  and  Novelties," 
we  present  our  readers  with  an  epitome  of  such  of  the  "events  of  the  month  preceding" 
as  may  in  some  way  affect  their  interests,  so  far  as  their  interests  are  connected  with 
any  of  the  subjects  upon  which  this  Journal  treats.  This  epitome,  in  its  preparation, 
necessitates  the  expenditure  of  much  time  and  labour ;  and  as  we  desire  to  make  it  as 
perfect  as  possible,  more  especially  with  a  view  of  benefiting  those  of  our  engineering 
brethren  who  reside  abroad,  we  venture  to  make  a  suggestion  to  our  subscribers,  from 
■which,  if  acted  upon,  we  shall  derive  considerable  assistance.  It  is  to  the  effect  that  we 
shall  be  happy  to  receive  local  news  of  interest  from  all  who  have  the  leisure  to  collect 
and  forward  it  to  us.  Those  who  cannot  afford  the  time  to  do  this  would  greatly  assist 
our  efforts  by  sending  us  local  newspapers  containing  articles  on,  or  notices  of,  any  facts 
connected  with  Railways,  Telegraphs,  Harbours,  Docks,  Canals,  Bridges,  Military 
Engineering,  Marine  Engineering,  Shipbuilding,  Boilers,  Furnaces,  Smoke  Prevention, 
Chemistry  as  applied  to  the  Industrial  Arts,  Gas  and  Water  Works,  Mining,  Metal- 
lurgy, &c.  To  save  time,  all  communications  for  this  department  should  be  addressed 
"19,  Salisbury-street,  Adelphi,  London,  W.C."  and  be  forwarded,  as  early  in  the  month 
as  possible,  to  the  Editor. 


MISCELLANEOUS. 

New  Method  op  Raising  a  Steamer. — M.  Bauer,  an  engineer,  has,  after  long  pre- 
paratory labours,  succeeded  in  raising  the  Bavarian  steamer  Ludwig,  which  sank  two 
years  ago  in  the  Lake  of  Constance,  in  consequence  of  coming  into  collision  with  a  Swiss 
steamer.  The  engineer,  in  order  to  raise  the  vessel,  which  was  lying  at  a  depth  of  70ft, 
made  use  of  an  apparatus  of  his  own  invention.  By  means  of  divers  he  attached  to  her, 
one  on  each  side,  two  large  balloons  made  of  water  proof  linen,  which  he  filled  with  air. 
When  the  expansion  had  become  sufficient,  a  movement  was  observed  in  the  water,  which 
look  as  if  boiling,  and  the  vessel  gradually  came  to  the  surface. 

Metropolitan  Zinc  Rolling  Company. — A  prospectus  has  been  issued  of  the  Metro- 
politan Zinc  Rolling  Company,  with  a  capital  of  £100,000  (of  which  one-half  is  to  be  first 
put  forth),  in  shares  of  £10.  The  object  is  to  establish  in  London,  upon  an  efficient 
scale,  rolling  works  for  the  production  of  sheet  zinc  and  copper,  the  demand  for  which  is 
steadily  increasing.  Arrangements  have  been  made  for  the  rental  of  premises  adjoining 
the  City-road  basin  and  also  for  the  purchase  of  the  whole  of  the  machinery  of  the  Mines 
Royal  Copper  Company. 

Cost  op  London  Streets. — New  Oxford-street  and  Cranboume-street,  constructed 
between  1841  and  1847  by  the  Commissioners  of  Woods  and  Forests  from  the  London 
Bridge  Approaches  Fund,  cost— the  former,  £330,074,  and  the  latter,  £206,093.  Victoria- 
street,  Westminster,  constructed  between  1845  and  1851  by  the  Westminster  Improve- 
ment Commissioners,  from  the  Coal  Duties  and  improved  rates,  and  by  money  raised  on 
mortgage,  cost  £215,000. 

Our  Shipping.— At  the  close  of  the  year  1862  there  belonged  to  the  ports  of  the  United 
Kingdom  28,440  vessels  of  4,934,400  tons,  usually  navigated  by  228,139  men  and  boys— an 
increase  in  the  course  of  the  year  of  402  vessels,  127,574  tons,  and  3315  men  and  boys. 
The  vessels  belonging  to  the  British  plantations  were  10,967,  of  1,107,696  tons,  and  manned 
by  75,931  persons. 


Paper  Material. — In  searching  for  fibre  suited  for  the  manufacture  of  paper,  the 
following  hints  may  be  found  useful  to  residents  in  tropical  and  other  regions.  Any  fibre 
capable  of  cohesion  when  precipitated  on  a  draining  surface  from  mechanical  suspension 
in  water,  after  having  been  reduced  to  a  pure  state  of  capillary  subdivision  by  mechani- 
cal action,  is  fit  for  the  manufacture  of  paper.  For  all  practical  purposes  it  may  be 
accepted  as  a  rule,  that  for  the  manufacture  of  white  paper  all  fibres  require  bleaching. 
Raw  fibre  may  be  divided  into  four  classes:— 1.  That  which  is  easily  reduced  and  easily 
bleached.  2.  That  which  is  easily  reduced,  but  difficult  to  bleach.  3.  That  which  isdiffi- 
cult  to  reduce,  but  easily  bleached.  4.  That  wherein  perfect  bleaching  involves  the  in- 
tegrity of  the  fibre.  The  most  profitable  shape  in  which  to  send  fibre  to  the'  English 
market  is  that  of  half-stuff  (or  pulp).  Well  prepared  bleached  half-stuff  would  fetch  £25 
per  ton  in  the  market.  The  best  machine  for  reducing  fibre  to  half-stuff  is  the  ordinary 
rag-engine,  costing  about  £150,  carrying  about  2ewt.  of  stuff,  and  requiring  a  maximum 
of  seven-horse  power  for  driving.  The  half  stuff  would  require  to  be  pressed,  dried,  and 
packed  in  bales.  For  experimental  purposes  in  reducing  the  fibre,  anything  smallerthan 
the  ordinary  sized  rag  engine  is  useless,  as  the  weight  of  the  triturating  roll — about  15' 
cwt. — cannot  be  dispensed  with,  so  that  laboratory  experiments  are  necessarily  confined 
to  rough  separation  and  bleaching.  Moreover,  laboratory  experiments,  unless  conducted 
with  the  utmost  care  and  skill,  furnish  no  reliable  data  for  commercial  operations.  As  a 
preliminary,  the  character  of  the  fibre  ought  to  be  determined  in  the  laboratory : — 1st.. 
In  relation  to  its  structure,  having  in  view  ease  in  fibrous  separation.  2nd.  In  relation 
to  its  chemical  construction,  having  in  view  ease  in  bleaching.  Bleached  half-stuff  would 
realise  a  larger  profit  than  unbleached,  always  supposing  that  the  process  of  bleaching, 
owing  to  the  accident  of  geographical  position  or  otherwise,  did  not  entail  expenses  extra 
to  that  properly  belonging  to  the  operation  under  the  most  favourable  circumstances. 
Fibre  could  be  sent  into  the  market  as  half-stuff  unbleached  whenever  its  characteristics 
were  reliably  established. 

Discovery  op  Naturally-formed  Carbonate  of  Soda. — Dr.  Haines,  of  Grant 
College,  Bombay,  describes  the  occurrence  in  vast  quantities  of  naturally-formed  carbo- 
nate of  soda  in  the  neighbourhood  of  Aden.  The  substance  as  found  contains  50  per 
cent,  of  natural  carbonate,  and  occurs  along  the  coast,  for  ten  miles  at  least  to  the  east 
of  Aden,  in  hollows  behind  high-water  mark,  to  which  the  sea  has  access  by  percolation. 
Its  formation  is  attributed  to  the  percolation  of  the  sea-water  through  the  fragments,, 
and  pebbles  of  limestone  constituting  the  shingle  of  the  shore,  probably  by  the  partial 
interchange  of  elements  between  the  salt  or  chloride  of  sodium  and  the  carbonate  of 
lime  giving  rise  to  the  production  of  chloride  of  calcium  and  carbonate  of  soda.  It  is 
surmised  that  the  formation  of  carbonate  of  soda  may  go  on  along  the  whole  thousand 
miles  of  the  south-east  Arabian  coast. 

Lamp  for  burning  Coal  Oil. — Mr.  N.  B.  Vidal,  of  Philadelphia,  U.S.,  has  brought 
forward  an  improved  coal  oil  lamp,  the  wick  tube  of  which,  above  the  base  of  the  burner,, 
assumes  a  fan  shape,  so  that  as  the  wick  is  raised  the  upper  edge  of  the  same  is  spread 
out  to  nearly  double  its  former  width.  By  this  method  the  oil  carried  up  by  the  wick  is 
distributed  over  so  extended  a  surface  that  it  is  entirely  consumed,  and  no  portion  can 
remain  to  clog  the  wick,  or  run  down  the  outside  of  the  tube,  to  be  evaporated  and  dis- 
charged into  the  air  of  the  room,  as  is  the  case  where  a  large  supply  of  oil  is  constantly 
brought  to  a  small  burning  surface.  No  chimney  is  needed  with  this  lamp,  which  burns 
without  smoke,  and  with  a  dear  flame. 

The  Goodwin  Sands. — A  public  company  is  being  formed  for  the  embankment  and 
reclamation  of  the  Goodwin  Sands,  and  to  convert  these  sands  into  an  island,  whereon 
to  build  a  new  township,  fortifications,  docks,  wharves,  &c. ;  also  to  reclaim  the  land 
for  agricultural  purposes,  &c.  By  the  accumulation  of  the  sand  from  the  north,, 
the  gulf  stream  has  been  shifted  to  the  southward,  the  great  increase  of  the 
sand  coming  from  the  north  having  formed  a  shoal,  called  the  fork,  opposite  Trinity 
Bay.  By  the  proposed  embankment,  the  whole  of  the  Channel,  between  the 
Goodwins  and  the  Break,  will  become  entirely  clear.  The  company  contemplated  taking 
a  grant  of  the  Goodwin  Sands  for  the  objects  they  have  in  view,  to  recover  the  sunken 
ships  and  treasures,  which  it  is  thought  will  pay  all  expenses.  The  land  to  be  reclaimed 
will  consist  of  about  20,000  acres.  The  first  work  to  be  accomplished  is  the  entrance  of 
the  intended  lock,  which  will  be  made  by  caisson  gates.  This  lock  will  be  of  sufficient 
capacity  to  admit  the  largest  class  of  vessels,  being  860  feet  long,  100  feet  wide, 
and  40  feet  water  at  the  lowest  ebb  from  the  sill,  adjoining  which  will  be  the  tidal  dock, 
containing  287  acres,  with  40  feet  water.  When  that  is  completed  the  embankment  will 
be  commenced,  as  well  as  the  docks,  which  are  to  cover  about  626  acres.  In  case  of 
stress  of  weather,  ships  in  the  Downs  are  to  take  refuge  on  payment  of  a  small  tonnage. 
Capacious  docks  are  intended  to  adjoin,  for  repairing  or  examining  ships  of  any  class 
without  unloading. 

Iron  Shipbuilding  on  the  Tyne. — Messrs,  T.  M.  Smith,  builders,  at  North  Shields, 
are  rapidly  completing  one  of  the  first  iron  sailing  ships  built  on  the  Tyne.  She  will  be- 
full  rigged,  will  be  1116  tons  burthen,  and  is  intended  for  the  cotton  trade.  Her  dimen- 
sions are  202P..  long  between  perpendiculars;  extreme  breadth  31ft.;  depth  of  hold  23ft. 
This  firm  is  also  about  to  commence  to  build  an  iron  East  Indiaman  to  be  added  to  their 
Calcutta  line.    She  will  be  1200  tons,  190ft.  long,  37ft.  Bin.  beam,  and  22ft.  depth  of  hold. 

Mateeials  used  in  the  1862  Exhibition  Building. — Bricks,  17,250,000 ;  lime,  5611 
cubic  yards ;  sand,  18,352  cubic  yards ;  ballast,  8632  cubic  yards ;  cement  and  plaster, 
47,105  bushels;  cast  iron,  4953  tons;  wrought  iron,  2269  tons;  timber,  439,178  cubic 
feet ;  2,238,722  lineal  feet  9in.  by  3in.  battens,  deals,  and  planks ;  stone,  62,831  superficial 
feet,  6in.  thick  and  under ;  ditto,  6377  cubic  feet ;  zinc,  225,861  superficial  feet ;  lead,  74 
tons  14  cwt. ;  felt,  623,000  superficial  feet;  slating,  71,260  superficial  feet;  glass,  216,808 
panes,  containing  667,512  superficial  feet;  putty,  95  tons  16  cwt ;  nails,  193  tons  12  cwt.; 
cash  paid  in  labour,  £138,313. 

Iron  Ships — Prevention  op  Fouling. — The  iron  clipper  ship  Chili,  which  was  coated, 
with  Messrs.  Peacock  and  Buehan's  composition,  for  the  prevention  of  fouling,  has  re- 
cently returned  from  NewT  Zealand,  having  been  twelve  months  out  of  dock,  and  upon 
her  being  examined  in  Mr.  Lungley's  dock,  her  bottom  was  found  to  be  perfectly  clean. 
It  is  stated  that  there  is  not  a  particle  of  copper  in  this  composition. 

Boiler  Riveting  in  the  United  States,  by  W.  H.  King,  U.S.N. — In  the  United 
States  there  are  three  mechanical  modes  of  uniting  plates  together ;  namely,  machine- 
riveted  by  the  two  first-named  methods,  in  both  of  which  the  rivets  are  put  in  hot.  West 
of  the  AUeghanies,  all  riveting  is  done  by  hand,  and  at  Pittsburgh,  Louisville,  and  other 
places,  the  rivets  are  driven  cold  in  all  places  accessible  for  the  purpose.  For  the  cold 
process,  a  superiority  is  claimed  consequent  upon  the  holes  being  well  filled  with  the 
body  of  the  rivets ;  that  is,  there  is  no  contraction — hence  reduction  in  the  strength  and 
in  the  rivets'  diameters  after  the  workmen  cease  hammering  on  the  heads.  The  reverse 
must  be  the  ease  when  driven  hot;  for,  in  cooling,  the  diameters  are  reduced  by  contrac- 
tion. Moreover,  none  but  the  best  quality  of  iron  can  be  used  in  rivets  driven  cold;  be- 
cause, if  the  iron  be  inferior,  it  is  sure  to  crack  or  split  through  the  head,  each  one  being 
tested  by  the  heading.  For  hot  riveting,  it  is  claimed  that,  in  cooling,  the  rivets  contract 
in  length,  drawing  the  sheets  more  closely  together,  thereby  creating  adhesion  sufficient 
to  add  to  the  strength  of  the  joint.  Mr.  Clarke,  resident  engineer  of  the  Britannia-bridge, 
made  some  experiments  to  determine  the  value  of  this.  Three  plates  were  riveted  toge- 
ther by  a  machine,  maintaining  a  temperature  of  900  degrees  in  the  rivets ;  each  outside 
plate  had  a  circular  hole  in  which  the  rivets  fitted  exactly ;  but  in  the  centre  one  the  hole 
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was  oval,  or  2i  in.  long  for  a  ;  rivet,  and  the  rivet  was  not  allowed  to  touch  either  end  of 
this  hole.  A  strain  was  then  put  on  the  centre  plate  till  it  began  to  slide,  which  it  diJ. 
abruptly.  Several  trials  were  made,  and  the  least  result  was  an  adhesion  equal  to  I 
with  \  rivets,  Mr.  Clarke  infers  from  this  experiment  that,  by  judicious  riveting,  the  ad- 
hesion may  in  many  cases  be  nearly  sufficient  to  counterbalance  the  weakening  of  tbe 
plates  from  punching  the  holes.  In  this  particular  we  regard  his  opinion  as  an  error ; 
for  if  he  had  continued  the  strain  on  the  plate  until  it  parted,  or  the  rivets  broke,  lie 
would  doubtless  have  found  that  the  total  pressure,  or  breaking-strain,  would  have  been 
56  per  cent,  if  single-riveted,  and  75  per  cent,  if  double-riveted,  of  the  sheet,  as  fully 
tested  by  other  experiments.  Theoretically,  there  is  a  gain  from  adhesion  in  hot-riveted 
joints,  but  practically  this  seems  to  be  lost  by  the  contraction  of  the  rivets'  diameter, 
thus  making  the  total  or  breaking  pressure  the  same.  In  western  river  boilers,  where 
the  pressure  of  steam  used  is  higher  than  in  any  other  part  of  the  world,  no  difficulty 
has  ever  been  experienced  from  the  cold  riveted  joints  not  being  closely  united  and  per- 
fected tight ;  and  as  regards  strength  compared  with  the  hot-riveted,  superiority  is 
claimed  by  those  having  cold-riveted  boilers  in  charge.  In  either  mode  of  hand-riveting 
the  rivets  can  be  seriously  injured  by  too  much  hammering,  and  iu  any  case  by  over- 
heating. Due  regard  should  be  had  to  the  temperature,  and  the  blows  of  the  hammer 
should  be  hard  and  quick,  and  not  continued  longer  than  necessary-  to  form  the  head. 
Machine  riveting  has  the  advantage  of  forming  the  head  at  a  single  blow,  and  the  rapi- 
dity with  which  the  work  can  be  performed  must  always  give  it  preference  over  all  other 
methods  where  it  can  be  employed.  It  is  to  be  regretted  that  no  extended  set  of  experi- 
ments have  ever  been  made  in  this  country  to  determine  the  relative  strengths  of  the 
different  modes  of  riveting  and  uniting  the  sheets  of  steam  boilers  and  other  iron  struc- 
tures ;  also  to  test  the  relative  value  of  materials  used  in  this  country  at  the  present  day; 
for  it  must  be  evident  that  although  the  results  of  the  European  experiments  on  Iron 
and  steel  arc  of  value  to  us,  yet  they  cannot  be  regarded  as  entirely  applicable  to  Ameri- 
can constructions,  because  our  iron  ores,  the  temperature  of  blast  of  smelting  furnaces, 
and  manner  of  working  the  metal  through  the  different  processes,  and  the  fuel  used,  all 
differ  in  a  large  degree  from  those  abroad. 

Magxeto-Elec tkic  Machixes.— The  following  is  extracted  from  a  French  scientific 
paper: — One  of  the  principal  obstacles  encountered  in  the  practical  application  of  elec- 
tricity as  a  motive  power,  is  found  in  the  small  amplitude  of  the  elementary  movements 
of  electro-ma gn.r-,  since  their  powers  of  attraction  do  not  commence  till  thev  are  almost 
in  contact — the  limit  of  distance  varying  from  1  to  2  millimetres  at  most.  Thus,  all  in- 
ventors who  have  proposed  their  use  as  a  means  of  producing  motive  power,  have  m 
to  overcome  the  difficulty  by  causing  the  attraction  to  exert  its  powers  at  an  angle,  or 
by  following  the  surface  of  a  cone  so  as  to  augment  the  amplitude  of  the  mow. 
with,  however,  a  proportionate  decrease  of  power.  We  now  propose  the  adoption  to  be 
called  contracteur  eUctrique,  which  shall  imitate  the  play  of  the  muscles  in  the  organized 
body,  and  which  will  permit  the  transformation  of  the  trifling  direct  motion  of  a  aeries 
Of  electro-magnets,  into  a  movement,  ten,  twenty,  or  a  hundred  times  as  great.  It  we 
take  discs  ot  s'l;  iron,  and  convert  them  into  very  deeply-grooved  pulleys,  in  order  that 
they  may  receive  some  thousands  of  turns  of  Insulated  copper  wire,  we  can  thus  trans- 
form them  into  magnets,  by  the  passage  of  an  electric  current  through  the  wire,  li  we 
superimpose  a  number  of  these  discs,  separated  by  small  rings  of  india  rubber,  one  milli- 
metre thick,  on  the  passage  of  a  current,  all  the  discs  will  approach  each  other,  compress- 
ing the  india  rubber;  and  thus  the  pile  of  discs,  if  composed  of  200  elements,  for  ex- 
ample, will  shorten  or  contract  on  itself  one  decimetre,  although  each  disc  move-  through 
but  one  half  millimetre.  Tins  is  the  first  idea  of  contractors  or  electric  m 
easv  to  understand  that  by  lining  one  end  of  inch  a  pile  to  the  connecting  tod  and  crank 
of  a  fly-wheel,  and  the  otlicr  extremity  to  a  fixed  support,  we  can  obtain  as  great  a  Dum- 
ber of  revolutions  as  we  desire,  with  a  force  depending  on  the  power  of  the  pile,  lly 
combining  this  idea  with  that  of  tubular  electrical  piles  producing  electricity  In  quan- 
tity, -hall  we  not  find  the  solution  of  the  problem  of  applying  electricity  to  the  eeonom  i- 
cal  production  of  motive  power? 

Pbotbctiox  or  Ikon-  Bolls. — The  follow  md  to  be  the  result  on  ssraping 

down  the  sides  and  bottom  of  the  iron  -crew  steam  storesbip   ludtutn,  in  dock  li 
wich.    The  /<•  luttrg  had  been  coated  on  the  port  side  with  a  composition  produced  In  the 
dockyard,  on  tbe  starboard  side  with  Peacock's  composition,  and  in   the  hold  with  Iu- 

marine  ecu.  ting  the  influence  of  moisture,  and  the  effects  of  bilge*  i 

the  rivets.     Day's  cement  has  been  pronounced  superior  to  anything  ret  tested   t 
purpose.     It   adhere     80   well  that  Its  removal  ean  only  be 
hammer  and  chisel.     Peacock's  composition  is  also  reported  to  be  uigl 

Chaxgk  i.t  Mi. am  si  a  ros  i  mils.— As  great  in Mnlence  baa  long  been  Ml  ti  the 

mea-  a  movement  ha*  been  inaugurated  among  the  p  i 

shipowners,  and  oi.  I  In  the  trade,  (or  the  purpo 

per"ki  instituting  that  of  per  "ton,"    The  parties  in  led  the 

following  document  in  referem  ■■  to  the  subject:—"  We,  the  undi  mint-,  ship- 

brokers,  ami  shipowners  ol    Ncwcs  tle-upoi  long 

tot  now  in  reality  exist  as  a  standard  measure ;  thai  it  bear,  do 

■  i,  one  thai  la  moat  dull  toll  and  tedious  to 

node  in  ton-  and  hundrc  t  I  sub- 

l  furthermore,  that  coals  and  coke  tbe  ton,  and 

Dot  bj  keels  and  chaldr hereby  pic  !.-•■  ourselves,  and  I  »'  an  early 

date,';  m  Iu.  t  .ill  our  chartering  operations,  whenever  and  for  wherever  practicable,  on 

tablishcd  and  ■  !''  "r,|,,r  '" 

hitherto  conducted,  cann 
(mat  Incoi  islnees  with  this  poi 

Hie  document  I  -bo  largest  mercantile  and  -hipping  firms  la 

an  by  several  of  the  colliery  own 

st,  •.«    Plo      is   iv   Antic. n.    The  two  rteaa   ptautu    'I  ■'■'■ 
pat.-,  ntrodnced  were  doing  thcirwork  well,     i 

.  Lis  that  had  'or  upward, 

ol  Jo  years  being  now  upturned  and  pulveri 

I.cmi.i.y',  l:.  Since  the  I 

new  patent  rudder,  with  which 

and  Is  declared  by  the  authoritl t  a  complete  success,   •' 

iter  the  old  rudder,  both  iii  time  ol  turning  and  in  I 
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—of  convert!  kynrd 

'*  """ 
being  |  iu,  will  be  an  eniirt  l  will  [x1  "■ 

squadron  of  armour-clad  shipi  which 

i      The  lien 
and  defensive  power,  and  sea-going  «| 

ted,  and  the  Admiralty  have  dc  idod  on  naming  her         /         II 
Lord  Palm     ton,     I  »llp.  and 

within  1-t  month-,  from  the 

present  tun ■■. 


The  "I  5S-iixce." — The  Adiniralt>.  i  a  suggestion  criminally  made  h 

and  their  attention  having  been  directed  to  the  success  of  several  viwnsli  fitted  by  the 
lirni  of  liandolph,  Elder,  and  Company,  of  G' ...  lined  upon  institu: 

ascertain   the   applicability  of  the  modem   innovations   iutroduced   by   th i- 
our  ships  of  war.      Iu  order  as  far  as  possible  to  put  all   the  competitors  on  equal 
terms,  the   Lords  of    the  Admiralty  selected  three   frig..'  HBM   model,   built 

at  Pembroke,  as  nearly  as   possible  from  the  same  lines  as  those  of  Sir  \Y.  Syn 
with   similar  midship   sections,  and  having  about  an  equal    draught   of   water.     The 
il  tons,  has  been  supplied  witl:       i  Messrs.  John  Penn  and  Son, 

the   Ociavia,  3161   tons,  has  received  hers  from  MesSBt,  Mau.lslay  ;  and  the  Co»tta»ct. 
3213  tons,  is  titted  by    Messrs,  Randolph,  Elder,  and  Co.,  of  Glasgow.     Tlie  login 
the  CoiutuHer  are  the  tirst  engines  supplied  by  this  film  for  the  Itoval  Navy,  and  it  speak* 
pretty  plainly  as  to  the  opinion  formed  of  their  success  iu  the  ves- 
Stcaiii  Navigation  Company,  that  the  Admiralty  should  allow  them  to  eontraot  for  engine* 
of  such  a  size.     One  feature  in  the  eng.  utancr  makes  them  -.nunrlut 

ent  from  others  previously  constructed  by  Messrs.  Randolph,  Elder,  and  Company, 
arc  adapted  for  screw  propulsion  instead  of  the  paddle  wheel,  and  string  to  the  r. 
ments    of  ships    of  war,   the   entire    machinery   has    to  be    kept    below    the 
line.      The   three   ships   are  not    the  best   adapted  for  steam  vessels,  Bros 
that    like  all  Sir  W.  Synionds'  designs,  they  are  very  sharp  hi  the  tlo..r.     The  averse, 
sumption  of  coal  in  the  Royal  Navy  is  estimated  at  tin-  pn  i  tlb. 

per  indicated  horse  power;  and  one  of  the  main  object-  of  the  competitive  Mali  is  to  en- 
deavour to  prove  the  possibility  of  reducing  the  consumption  to  a  lit)  To> 
gain  this  saving  of  fuel  it  was  necessary  to  make  the  engines  of  the   Co.i«f.i 

larger,  and  ccnseqoently  more  expensive  than  those  of  oorresp 

Other  ships,     it  is,  however,  but  the  manufacturer*  to  slate  that   mil.  h  . 

weight  is  to  be  attributed  to  a  de-ire  to  retain  the  means  of  reverting  to  the  pn  -  ml  modd 
of  working,  should  the  new  mode  be  found  unsuccessful.     In  co  siro 

the  boilers  fitted  to  this  ship  are  much  larger  than  are  requisite  for  her  new  engines,  Tho 
dimensions  of  the  Obastoae*  now  are—  Length,  SStft.,  overall.  SMt,;  extreme  breadth. 
58ft ;  tonnage,  3148  tons.  The  masts  wen-  not  yet  stepped.  Her  draught,  witl 

:  water,  is  17ft.  forward,  and  lOft.  Win.  aft.     The  builders  of  the  , 
mpplied  her  with  a  pair  of  what  are  termed  double 
of  500  horse  power  combined,  which  are  bedded  in  a  block  of  solid  cast-iron    . 
tons.    Well  op  on  each  side  of  the  engine-room  she  is  fitted  with  tons  cylinder- 

pistons  from  Which  work  directly  on  th-  crank  shaft.     Then  are  three  crank-,  each  "f 
which  receives  two  connecting  rods.     The  middle  cylinder- 
four  are  low  pressure  expanding  cylinders.    Thcdlameter  ol  the  i 
and  the  oilier  7sin.    The  cylinders  arc  jacketed  throughout, 
felt  and  mahogany.    There  are  three  cranks — on     I 

motion  being  by  ordinary  connecting  r..d>.    Btroke,   ■  I  In  num- 

ber, are  placed  immediately  at  thi  «  (bmnost  crank,  the  pin  of  a 

hangs.     The  Dicentrics  an  loose  u|h,ii  the  shaft,  and  arc  worked  by  mean 


are 


moving  in  interior  arc*  cut  in  the  bodies  of  the  ixoentrios.    I'hr  spindles 

pass  through  the  overhanging  crank  pin,  and  arc  worked   i ■■ 

and  pinions  attached  to  two  stalling  donkiss,     i  »u  the  "ide  of  th. 

two  strong  pins,  which  are   I. r.. light    by    means  of  IfeSM  starling  donki 

inkltself,  as  nuur  be  reqnii  orasteni.     i 

started  or  reversed,  ami  as  tbe  excentrics  and  thi  srb 
iron  ami  i-  ot  great  strength,  there  is  no  reason  to  cxpi  cl  acddenl   I 
due  wear  in  the  number  of  wheels.    Along  the  front* 
set  -  ..t  shafts  for  working  the  slide.     I'lu-rc  ar.  ihrc 
— i ii,-  slides  for  the  admission  ol  iteam  to  the  high  onssore 

ition  ofthe  iteamfrum  the  centre  t«  th 
the  shaii  for  working  the  high  prossnre  slide  valva  i»  so  cotutni.  i 

gthened  or  diortciicl,  and  thereby  m  ■ssnastng  ths  Iran 

valve,  Hi  unit-  III.-  OUl  .'Il  "t  the  II 01111.  or  111  ..I:. 

...sioii  which 
arc  on  the  system  patented  In  this  country  l.>   Mr.  Davison 
known  as  n'w.IIs.  iu  which  tin   - 
the  tubes,  the  water  pa-sing  through  th 

I  circulating  pumps,  snd,bj  mean-  ofa  -n.  - 
water  Is  made  to  traverse  tbe  whole  h 

through  tbe  pomps  to    II.- 

If  required,  !»■  .hanged  while  thi 

,„   t|„.  When   ill   ar. 

partially  In  tin 

■ 

:  engines  In  i  ol  the  am  a 

d.-r-        ! 

..i    which,    ■  ■'•  °"Dl 

thai  when  tic  . 
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''■**  P**  nutnjiisl  ■ 
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Notes  and  Novelties. 


("The  Artizak, 

L  August  1, 1863. 


The  "Pheasant"  Screw  Gunboat,  60-h<)rse  power,  with  condensing  engines,  on 
the  14th  ult.  made  a  trial  of  her  machinery  on  the  completion  of  her  outfit.  The  vessel 
drew  6ft.  6in.  forward,  and  6ft.  8in.  aft.  Six  runs  were  made  at  the  mile,  and  a  speed 
obtained,  as  a  mean  of  the  six,  of  7'544  knots.  The  screw  of  the  vessel  is  of  the  common 
pattern,  with  a  diameter  of  6ft.  and  a  pitch  of  8ft.,  a  length  of  llin  ,  and  an  immersion 
of  the  upper  edge  of  2in. 

Trial  Teip  of  the  "  Mess  aggiere." — A  trial  trip  of  a  new  despatch  steamer  or  aviso, 
built  by  Messrs.  Money  Wigram  and  Penn,  for  the  Italian  Government,  took  place  on 
the  20th  ult.  The  new  boat,  which  is  constructed  on  similar  lines  to  one  built  by  the 
same  firm  for  the  King  of  Italy  a  few  months  since,  is  250ft.  in  length  between  perpen- 
diculars, 30ft.  in  breadth,  and  carries  engines  of  350-horse  power.  They  are  of  5ft.  stroke, 
and  their  cylinders  are  71in.  in  diameter.  The  paddle-wheels  are  over  23ft.  in  diameter, 
and  are  fitted  with  feathering  floats.  The  engines  are  oscillating,  and  the  boilers  are  on 
the  tubular  system .  The  trip  extended  from  Tilbury  Fort  to  a  little  beyond  Sea  Keaeh, 
and  the  speed  attained  in  running  the  measured  mile  was  at  the  rate  of  17  knots,  or  19'6 
miles  an  hour.  The  Messaggiere  had  taken  on  board  over  180  tons  of  coal,  besides  nearly 
the  same  amount  of  stores  and  spare  gear,  which  caused  her  to  draw  almost  a  foot  more 
water  than  she  would  have  done  under  ordinary  circumstances.  With  a  normal  load  there 
appears  to  be  little  doubt  of  her  running  at  a  speed  of  171  or  even  17£  knots  an  hour. 

Naval  Appointments. — The  following  appointments  have  taken  place  since  our 
last: — J.  J.  Greathead,  Chief  Engineer,  to  the  Cumberland;  tiom  the  Mars;'i.  Duneanson, 
Chief  Engineer,  to  the  Cumberland,  from  the  Conqueror;  S.  T.  Wallis,  Assistant  Engineer, 
to  the  Asia,  for  hospital  treatment ;  T.  Cross,  Assistant  Engineer,  to  the  Defence ;  W.  G. 
Warren  and  W.  Maxwell,  Engineers,  to  the  Fisgard  and  Asia,  as  Supernumeraries  ;  W. 
Wynd,  Engineer,  to  the  Cumberland,  from  theSheerners;  W.  Robinson,  Engineer,  to  the 
Wye ;  M.  J.  Shannon,  Assistant  Engineer,  to  the  Asia,  for  hospital  treatment;  C.  S. 
TJffindell,  Assistant  Engineer,  to  the  Fisgard,  as  Supernumerary ;  H.  F.  Strugnell,  Assistant 
Engineer,  to  the  Asia,  as  Supernumerary;  J.  M.  Brankston,  of  the  Orprey,  promoted  to 
Acting  1st  class  Assistant  Engineer;  P.  Hutchison,  of  the  Himalaya;  W.  H.  Banbury, 
of  the  Dart;  J.  Rice,  of  the  Asia,  as  Supernumerary;  H.  Benbow,  of  the  Cormcallis, 
W.  Inglis,  (a)  of  the  Ospreg,  and  J.  Jessop,  of  the  Black  Prince,  promoted  to  the  rank 
of  Engineers ;  W.  Ross,  of  the  Foxhound,  promoted  to  Acting  Engineer ;  J.  AVest,  of  the 
Columbine,  promoted  to  Engineer ;  V.  C.  Friend,  Assistant  Engineer,  to  the  Indus  for 
hospital  treatment;  T.  Vickery,  Assistant  Engineer,  to  the  Resistance ;  J.  D.  Chater, 
Assistant  Engineer,  to  the  Cumberland,  as  Supernumerary  ;  W.  H.  Sennet,  Assistant 
Engineer,  to  the  Indus,  as  Supernumerary;  M.  Barker,  Supernumerary  in  the  Indus, 
promoted  to  Engineer;  T.  Young  and  R.  Spiers,  Assistant  Engineers,  to  the  Indus  and 
Fisgard  respectively,  for  hospital  treatment ;  J.  P.  Lloyd,  Engineer  to  the  Indus,  for  the 
Hippie;  E.  Taylor,  Engineer,  to  the  Indus,  as  Supernumerary;  R.  Biddle,  Engineer,  to 
the  Himalaya ;  and  W.  R.  Leeson,  Acting  Engineer,  to  the  Fisgard,  as  Supernumerary. 

MILITARY   ENGINEERING 

Experiments  at  Shoebukyness. — On  the  7th  ult.,  another  of  a  series  of  armour  plate 
experiments  took  place.  The  target  was  invented  by  Mr.  George  Clark,  and  consisted  of 
seven  plates  of  various  thicknesses,  from  three  to  five  and  half  inches  of  iron;  each  plate, 
except  the  third  or  fourth  towards  the  centre,  having  a  different  backing  as  regards  thick- 
ness of  angle  iron,  &c. ;  but  all  being  formed  upon  the  general  principle  that  the  best 
method  of  meeting  the  concussion  of  the  shot  beneath  the  armour-plate  is,  according  to 
Mr.  Clark's  theory,  by  a  cellular  system  of  wrought  iron  webs,  either  vertical  or  hori- 
zontal, the  cells  in  every  case  being  filled  in  either  with  pitch,  pine,  teak,  or  millboard 
packing.  The  ordeal  to  which  this  target  was  intended  to  be  submitted  was  the  same  as 
that  by  which  the  Warrior  and  all  othertargets  are  tried,  and  which  may  be  summarized  by 
stating  that  it  begins  with  heavy  shells  filled  with  sand  and  fired  at  low  velocities, 
gradually  increasing  to  live  shells,  then  to  solid  shot  with  small  charges  and  low  velocities, 
and,  lastly,  to  salvoes  of  shot  with  full  charges.  Shells,  whether  empty  or  filled  with 
sand,  have  no  perceptible  effect  on  any  iron  target;  so  that  this  portion  of  the  programme 
was  abandoned,  and  firing  commenced  at  once  with  68-pounder  live  shell.  After  the 
first  three  with  live  shell,  all  the  succeeding  rounds  until  the  firing  in  salvo  commenced 
were  with  the  smooth-bore  68-pounder  gun,  with  cast-iron  shot  and  the  full  service  charge 
of  1611).  of  powder.  The  elfects  these  produced  may  be  summed  up  in  the  few  words  that 
though  the  target  stood  better  than  was  expected,  it  from  the  first  showed  signs 
of  giving  way.  The  rivets  at  the  back  went  fast  and  early,  and  the  bolt-heads, 
the  mai*  fastenings  of  the  plates,  gave  way  also  with  a  rapidity  much  greater  than 
is  usual.  Six  had  gone  before  the  salvoes  commenced ;  the  plates  were  deeply  indented 
and  buckling  up,  and  one  or  two  ribs  at  the  back  of  all  were  bending  outwards. 
The  plates,  which  were  rolled  at  the  Millwall  Ironworks,  were  of  admirable  quality,  aud, 
though  dented  and  bent,  showed  no  signs  of  cracking,  nor  did  they  give  any  marks  of 
yielding  where  the  deep  slots  had  been  out  in  them  at  the  back  to  hold  the  bolt-bars. 
The  last  of  the  63-pounders  fired  struck  on  plate  No.  7,  and  broke  though  it.  This  plate, 
however,  was  only  three  inches  in  thickness.  A  salvo  of  three  110-pounders  with  141b.  of 
powder,  and  two  68's  with  161b.  of  powder,  was  then  fired  simultaneously,  but  only  four 
of  the  guns  went  off.  The  united  blows  of  these  four,  however,  shook  the  whole  target 
most  seriously,  and  cracked  its  largest  plate  almost  completely  across.  The  Armstrong 
300  or  150-pounder,  according  as  it  is  used  with  spherical  or  elongated  projectiles,  was 
loaded  and  laid.  This  most  formidable  piece— which  no  target  has  ever  yet  entirely 
resisted — was  loaded  with  501b.  of  powder  and  a  round  shot  of  1501b.  weight.  The  effect 
of  this  was  instant.  With  a  terrific  crash  it  smashed  through  the  thickest  (oiin)  plate  of 
the  target,  through  cells  and  backing  and  inner  skin — shivering  into  matchwood  one  after 
the  other  two  of  the  massive  beams  which  shored  up  the  target  from  behind,  and,  ploughing 
into  the  earth  beyond.  Beams,  bolts,  and  plate  had  allalike  been  scattered  into  fragments 
before  the  passage  of  this  missile.  It  was  the  general  opinion,  judging  from  the  smashing 
the  shot  had  inflicted  after  its  passage  through  the  target,  and  the  prolonged  flight  its 
sound  showed  it  had  made  through  the  air  afterwards,  that  had  a  second  target  of  the 
same  kind  been  behind  the  first  it  would  in  all  probability  have  gone  through  both.  In 
other  words,  had  a  ship  been  constructed  on  the  principle  of  this  target,  it  would  have 
gone  in  at  one  side  and  out  at  the  other,  making  the  same  ruin  of  both.  One  more  shot 
was  fired  from  the  same  gun  with  a  reduced  charge  of  351b.  of  powder,  but  with  a  steel 
shell  of  3001b.  weight,  loaded  with  a  151b.  bursting  charge  of  powder.  This,  notwith- 
standing the  reduction  of  firing  charge,  went  as  clean  through  another  plate  of  4in.  as 
its  predecessor  had  done  through  the  5jin.,  the  explosion  of  the  shell  shaking  all  the  rest 
of  the  fabric. 

Gun  Experiments.— The  superintendent  of  the  gun  factories,  Mr.  Anderson,  has  re- 
ceived orders  for  the  construction  of  a  few  powerful  muzzle-loading  guns  for  the  naval 
service ;  they  are  proposed  to  be  rifled  and  tired  with  very  heavy  charges.  The  security 
of  the  breech  of  the  gun,  on  which  the  principal  strain  falls,  is  to  be  much  increased  by 
an  improved  method  of  construction  lately  proposed  by  Mr.  Anderson.  This  alteration 
consists  in  having  a  solid  block  of  steel  bored  out  for  the  interior  tube,  and  then  a  solid 
forging  shrunk  over  it,  which  enables  the  breech  screw  to  be  dispensed  with,  and  gives 
much  more  solidity  than  heretofore  to  the  structure  of  large  ordnance.  Mr.  Anderson 
has  also  proposed  to  make  the  smaller  guns  of  much  greater  strength,  for  it  has  been 
found  necessary  to  shorten  the  12-pounders  by  cutting  off  14in.  from  their  muzzles,  and 
to  fire  them  with  the  reduced  charge  of  powder  and  shot  issued  for  the  9-pjunders  sup- 
plied to  the  Horse  Artillery.  There  will,  however,  by  this  change  be  the  great  advantage 
of  having  only  one  charge  of  powder  and  the  same  shot  for  both  Horse  Artillery  and 
Foot  Artillery  field-pieces. 


Krupp's  Cast-Steel  Guns.— In  a  recent  number  of  a  Turin  journal,  a  notice  on  the 
manufacture  of  cast-steel  ordnance,  by  Signor  Picolo  Pelati,  mining  engineer,  appeared 
from  which  we  extract  the  following  table  on  the  proportions  and  process  of  Krupp's, 
guns,  all  the  figures  denote  the  English  weights,  measures,  and  coinage. 
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Armour  Plates. — A  code  of  regulations  for  the  guidauce  of  the  officials  and  others 
engaged  in  bending  and  preparing  the  slabs  of  iron  used  in  armour  plating  the  iron 
frigate  Achilles,  50,  and  the  other  vessels  under  construction  at  Chatham  dockyard,  has 
been  promulgated  by  order  of  the  Lords  of  the  Admiralty,  and  is  to  be  strictly  adhered 
to.  The  regulations  are  drawn  up  from  the  report  of  the  Armour  Plate  Committee  ap- 
pointed by  the  Admiralty,  of  which  Captain  Sir  John  C.  D.  Hay  was  the  chairman.  The 
committee  included  a  number  of  scientific  officers  belonging  to  both  branches  of  the 
service.  The  Committee,  in  their  report  to  the  Admiralty,  state  that  they  have  examined 
the  various  processes  adopted  in  bending  the  [iron  plates,  and  are  of  opinion  that  the 
plates  need  not  suffer  deterioration  in  quality  from  any  reasonable  degree  of  bending, 
provided  the  process  is  properly  performed,  it  is  the  ^nature  of  wrought  iron  to  admit 
of  such  changes  of  shape  without  injury.  The  most  essential  preparation  for  the  pro- 
cess of  bending  is  that  the  plate  should  be  sufficiently  heated,  for  it  is  only  under  this 
condition  that  it  will  acquire  the  ductility  and  softness  and  freedom  from  elasticity 
necessary  to  admit  freely  the  change  of  shape.  The  committee  consider  that  a  good  red 
heat  is  probably  the  minimum  that  will  suffice  ;  "bloodred"  or  "  cherry  red  "  is  hardly 
sufficient.  The  committee,  however,  deem  it  necessary  that  certain  precautions  should 
be  taken  in  the  process  of  heating  the  plates — 1st.  That  the  heat  be  not  carried  to  such 
an  extent  as  to  injure  the  iron  ;  2nd.  That  the  heating  be  done  gradually,  so  as  to  heat 
the  large  mass  uniformly  throughout  its  substance  ;  and  3rd.  To  have  the  .heating  sur- 
face so  arranged  as  to  prevent  fierce  fire  currents  from  impinging  on  the  edges 
or  sharp  arrisses  of  the  plates,  by  which  damage  would  be  done.  Probably  from  good 
red  to  brightest  red  are  the  safest  limits ;  and,  provided  the  proper  precautions  be  taken, 
there  is  reason  to  believe  that  the  quality  of  the  plate  will  be  rather  improved  by  the 
heating  than  otherwise,  as,  if  the  iron  happens  to  be  hard,  the  process  will  be  equivalent 
to  annealing,  and  will  render  the  metal  softer.  The  process  of  heating  adopted  at  Ports- 
mouth in  the  presence  of  the  committee  appears  to  comply  with  the  required  conditions, 
and  the  committee  believe  the  quality  of  the  plates  so  bent  to  be  well  retained.  The  mode 
of  bending  the  heated  plates  is  a  matter  which  the  committee  conceive  may  be  safely  left 
to  the  mechanical  advisers  of  the  Admiralty.  The  wedge  and  tap  process,  as  adopted  at 
Portsmouth,  has  the  advantage  of  simplicity ;  but  the  committee  think  it  would  be 
better  if  the  change  of  shape  could  be  effected  by  dead  pressure — hydrauUc,  for  example 
— instead  of  by  blows.  The  committee  consider  it  highly  inexpedient  to  bend  thick 
plates  cold,  or  only  slightly  heated,  as  there  are  very  few  kinds  of  iron  sufficiently  ductile 
to  bend  cold,  even  in  small  bars,  without  injury  to  the  structure  of  the  metal,  and  in 
large  masses  this  attempt  must  be  injurious,  for  even  if  the  external  surface  should 
escape  injury  the  process  will  inevitably  produce  undue  internal  strains,  very  detrimental 
to  the  powers  of  resistance  under  the  blows  of  shot. 

Rifled  Ordnance. — A  new  code  of  regulations,  to  be  adopted  in  all  future  trials  o 
rifled  ordnance,  has  been  received  at  the  Ordnance  Department,  Chatham,  from  the  War 
Department,  and  is  to  be  strictly  adhered  to.  The  regulations  hitherto  in  force  are 
abolished,  and  in  future  all  rifled  guns  are  to  be  proved  by  firing  two  rounds  with  the 
service  charge  of  powder  and  a  cylinder,  equal  in  weight  to  two  service  shots  ;  and  three 
rounds  with  a  service  shot,  and  a  charge  of  one-sixth  the  weight  of  the  service  projectile, 
as  at  present,  for  those  guns  the  service  charge  for  which  is  one-eighth,  and  in  the  same 
proportion  for  guns  having  a  larger  charge.  The  following  alteration  in  the  system  of 
proof  of  brass  ordnance,  which  has  been  recently  approved  in  India,  has  been  ordered  to 
be  adopted  in  this  country: — The  piece  to  be  proved  when  -08  inch  below  the  true  calibre, 
and  afterwards  finished.  This  alteration  has  been  adopted  in  consequence  of  its  having 
been  observed  that  the  effect  of  the  proof  charge  upon  brass  ordnance,  when  fired  with  the 
usual  windage,  is  in  almost  all  cases  to  leave  serious  indentations  near  the  seat  of  the  shot. 
Indentations  so  caused  will,  by  this  system,  be  removed  in  finishing  the  gun. 

Trial  of  Armour  Plates  at  Portsmouth. — A  trial  took  place  on  the  2nd  ult.  of 
armour  plates  at  the  practice  range  in  Porchester-creek.  The  plates  on  trial  consisted  of 
one  from  Messrs.  John  Brown  and  Co.,  of  Sheffield,  for  the  iron-cased  ship  Ocean,  15ft, 
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in  length  by  3ft.  3in.  in  width  and  4J-in.  in  thickness,  and  one  4}in.  plate  6ft.  by  4,  made 
under  the  stearn  hammer  in  Portsmouth  Dockyard  from  a  special  quality  of  iron,  stated 
to  be  foreign,  supplied  by  Messrs.  Walton,  Sons,  and  Yates,  of  London. "  This  last  plate 
was  virtually  destroyed  by  the  first  shot,  and  utterly  so  by  the  second.  The  plate  fur- 
nished by  Messrs.  llrown,  for  the  Ocean,  underwent  a  very  severe  testing  by  13  shots  (nine 
of  which  were  edge  blows,  in  three  instances  overlapping  each  other),  very  successfully, 
and  fully  maintained  the  reputation  of  its  manufacturers. 

Fobtificatioxs. — The  schedule  to  the  Fortifications  Bill  states  the  proposed  expendi- 
ture at  Portsmouth  and  the  Isle  of  Wight,  Plymouth,  Pembroke,  Portland,  (Jravesend, 
Medway  and  Sheerness,  Chatham,  Dover,  Cork,  and  for  site  for  a  central  arsenal.  The 
total  estimated  cost  is  £6,920,000 ;  the  amount  already  voted,  £3,200,000,  whereof 
£2,641,449  had  been  expended  by  the  31st  of  March  last  ;  tiie  further  sum  now  proposed 
is  £630,000,  leaving  £3,070,000  to  be  voted  in  future  years. 

STEAM  SHIPPING. 
Teial  Trip  of  the  "Oceax  Kixg." — On  the  11th  ult.  a  trial  trip  of  this  steamer  was 
made  at  Sunderland.  The  Ocean  King  was  built  by  Messrs.  Pile  and  Hay.  of  North 
Sand,  her  engines,  which  are  of  90  horse-power,  being  manufactured  by  Mr.  <;.  Clarke, 
of  Monkwearmouth.  She  has  a  false  bottom  which,  by  a  simple  process,  can  In-  Riled 
with  water  for  ballast,  and  emptied  as  maybe  required.  With  a  cargo  ot  1050  tons  of 
coal  she  attained  a  speed  of  10  knots  per  hour. 

Tbial  Tbip  of  the  Twin-Screw   Steamer  "Diaxa." — The  trial  trip  of  thi-   . 
took  place  on  the  30th  of  June  last,  and  the  results  have  been  pronounced  very  buoci — 
ful.    The  following  are  the  most  important  particulars : — 

h.  m.  s.  m.  s. 

Xo.  1.  Full  speed  ahead  .... 

Stopped      

114  revolutions  way  astern    ... 


full  speed 
Evolutions  completed  in 


2  36  20 

0  37  34 

0  39  10  - 

0  39  40 

0    3  20 


-  dim 


i  ii 

]  36 
0  30 


Xo.  2.  Full  speed  ahead,  helm 
hard  a  starboard 


!i.  in.  a.        m.  s. 


120  revolutions 


Diameter  of  circle  described  3; 
ahead,  helm  hard  a  starboard— 


2  44  30 

0  53  18 

i)  57    2 

mean  of  three  =  4    733 

times  length  ot  vessel. 


4  20 
4  18 
34i 


half  circle 
completed 
half  circle 
completed 


1   2li) 


h.  m.  8. 

3     II  20 
0  13  10 


1st  circle. 
2nd     „ 
3rd      „ 


No.  3.  One  engine  full  speed 


=  3  50 
=  4  16 


No.  I.  Engine* 


:t  30 
5  19 


•     mean     1  27 


Full  speed  ahead  ;  helm 


1st   circle. 

-    2nd 
0  17  26 
The  way  being  deadened  and  wind  on  the  bow  caused  slight  retardation 
working  in  opposition,  starboard  ahead,  port  astern— 
h.  m.  s.        m.  s. 
:i  2' i  12 
II  2i   18 
0  29    7 
To  test  the  power  of  turning  to  avoid  danger  or  pick  up  a  man 
suddenly  put  a  starboard,  port  engine  reversed— 

m.  s. 
Half  turn        ....        1  U 
The  manieuvrc  of  jte.erii)'.'  by  the  screws  in  going  stern  foremost,  was  then  put  under 
severe  trial  an.;  performed  admirably,  bat  the  greater  depth  of  the  keel  ami  after  body 
demanded  vcrv  accurate  steamship.    We  trust  soon  to  learn  thai  Government  will 
more  decisive  "measures  for  the  introduction  of  this  important  aid  to  manu-uvriiu.- 

of-war.  .  . ____^_^_______ 

TnE  "  KcriiRATrs,"  ISrtLT  SOB  Tin;  liiimsii  F.ast  Indian-  Sti  am  Navigation 
Company,  was  launched  from  the  yard  of  Messrs.  A.  and  J.  IngUs,  Goran,  on  the  2nd 
ult  Her  dimensions  are :— Length  of  keel  and  forerake,  200ft.:  breadth  of  beam,  2-dt.  ; 
and  depth  ol  hold,  16ft.  Bin.,  with  direct  act.  i  ISO-hone  power. 

Thf.  "Pm.vci.ss  Royal,"  an  iron  screw  steamship  of  800  tons  burthen,  t li- 
the London  ami  Limerick  steam  Shipping  Company,  «■  launched  from  the  .var.i  oi 
Messrs    Blackwood  and  Gordon,  Port  Glasgow,  on  the  4th  "it.    She  will  be  propelled  bj 
It  of  direct-acting  inverted   COndensIn  il    MO-hOIM  power,  an. I  will  bS 

schooner  rigged. 

Thb  Koyai.  Paodm.  Vhiii  "Ossein"  made  an  official  trial  of  her  machinery  al 
Pi  rt-mouth  on  the  10th  ult.,  under  the  luperinfa  I 

manding  her  ttajesty's  ship  yl«<"  and  the  Bteam  Reserve,  on  the  completion  ol  Let 
general  repair-  ami  her  litmenl  with  new  win  el»  on  the  feathering  Moat  principle  bj 
Slensrs  Maud-lav,  Field,  and  Son.  'I  he  yacht  wai  complete  In  coal  and  »ton  -  ol  even 
description  for  sea  service,  and  her  draught  ol  water  was  forward,  14ft  Ota,  and  alt, 
n;.   |  ;,,.    The  new  wheels  are  :  r,  with  a  breadth  ol  noal  ol   in 

and  a  length  of  10ft.  71n.,  the  Immersion  ol  the  upper  edge  ol  the  lower  Hi 
The  diameter  of  the  new  wheel  is  thus  about  lain,  less  than  the  old  wheels.    BJ 
were  made  al  the  measured  mile  with  full   I  -'  the  follow  it 

knots :— 12-413,  12  four  ruiiH  at  li.il!- 

gave 
from 


1*2*466  ii'i'i:.  i  2  loo  and9'207.  The  revolution    ol  thi 

■>~\\  to'-"   and  fhe  speed  attained  bj  the 

"with  her' new  wheels  i-  oearli  three-quarters  ol  ■  •••< |Ol  what  she 


and  the  trial]  roaj  thi  lusldered 


yacht  With   her   Ol 

realized  when  a  m 

rtoiy. 

LAUNCHES. 

LinUCH  OT  a   Wo..,,,-.    .,      ii.   IS.  ll.T    0*    i   Nmv   Pk.mii-i.i.-    On   tie    lOth   ult.   a 

barque  named  thi    I  launched  al   Liverpool  ft the  I,  ■   •  r. 

John  Bobtaaon.    The    I  ''•     .', 

principle  having  be.  tt  pi 

Bon  to -which  only  straight  timber  I  In  the  building.    Ilrr  lem 

!-2:i„»i,ii id  is",    m 

capacity  equal  to  ,7ni  to,,-,  .oi..  '   ' 

masts  and  a  portion  ol  b 

I. AIM  II    lie    TIIK   "  Al.l 

2nd  ult.,  from  the  11, •  *hi|  l.nililiu 

re-organised    London   and    Mediten  '"-  ■"■•'"•■ '; 

which  Is  of  WOO  tons,  was  built  in  I 

11.,..:  ll'.Z  H,'- 

SOfl 

d  bring  a  thro  nooner.    In  I 


iron  are  used,  and  it  may  be  remarked  that  two  plates  of  Munti's  metal  are  attached  to 
the  rudder  to  test  the  efficiency  of  Mr.  J.  P.  Daft's  insulated  metal  sheathing. 

The  Lac-itch  of  the  "  Alexandra,"  built"  for  the  Australian  colonies  at  Dept  ford- 
Green  Dockyard,  by  Mr.  C.  Lungley,  took  pla  -    .  ult.    The  following  are   her 

dimensions: — Lengtli  between  perpendicular-,  _  .-1th  over  all,  2>ft.;  and  depth 

of  bold,  lP6ft.;  tonnage,  builders  measure  u.  us. 

TELEGRAPHIC  ENGINEERING. 

The  Malta  and  Alexandria  Telegraph.— All  hopes  of  immediately  repairing  the 
injured  link  of  the  Malta  and  Alexandria  cable  have  been  aband>.ued.  M<--rs.  Canning 
and  DeSantv,  the representattv.  F.lliot,  and  Co.,  will  return  ate: 

England,  and  Mr.  Gibson,  Government  Inspector,  will  return  to  hi*  po*t  n  Malta.  It 
was  at  first  inferred  that  the  defect  was  a  mechanical  one  and  near  the  si.  ora,  if  not 
actually  in  the  harbour  at  Alexandria.    The  I  ....  under  thi-  imprrtsion,  but, 

alter  a  series  of  careful  experin,-  entitle  operators  were  led  to  change  their 

opinion,  and  to  look  for  the  fault  further  awav,  probably  dose  to  Itcughui.  It  Is  now 
likely  that  it  will  be  necessary  to  obtain  tne  assistance  of  a  steamer  from  Knglaud 
specially  adapted  to  effect  the  anticipated  repairs,  in  which  casr  the  interrupt-.--  n  ,-t  te'.i  - 
graphic  communication  between  Alexandria  and  lk-nghazi  niaycitcud  to  several   tnoutl.-. 

RAILWAYS. 

I.ttjiaX  Railways. — Mr.  J.  Darners,  iu  his  annual  sketch  of  the  position  of  Indian 
railways,  of  which  he  is  government  director,  reports  tha-   .  ..re  now  op. 

passenger  and    goods  traffic.      The    great  triangular  railway,  C  "...dris    with 

Bombay,  Bombay  With  Delhi,  and  Delhi  with  Calcutta,  will  be  complete  in    about    t 
months,  The  amount  already  raised  tor  these  works  tl  forty  eight  millions  and  a  quarter, 
which  large  sum  is  in  the  hand-  of  only  31,400  persons,  an  averagv  of  £1500  each. 

.  r  permanent  Investments  slmoat  inch-,- 
N>W  LoOOXOXIvas. — Mr.  Beattie,  the  liM-omotive  -upcrintriidenl  of  the  London   and 
Sii.nl.  Western  Railway,  is  building  a  new  class  of  rix-wheel  express  engines  for  that 
line,  to  have  17in.  cylinders  and  lour  coupled  wheel-  Tit.  In  diameter. 
Northern  or  Spain  Uailw  ay. — A  passenger  train  hat  al  last  traversed  the  celebrated 
larama,  which  employed  ;     ■  rmany  months.    Oonua 

[ion  is  now  complete  between  Madrid  and  t»lszagoitia  at  the  foot  of  the  Pjiasaaas,  a 
distance  of  880  miles.     About  -ixty  miles  more  remain  to  i>e  executed  through  the 

Pyrenees  between  I  Hazatroigia  and  Iriin,  where  a  junction  will  Ik-  effected  with  one  of  the 
^■reat  French  networks.  It  la  expected  that  by  April,  l-«it,  passengers  will  be  able  to 
travel  from  Madrid  to  Paris  without   •  .•  the  railway.     The  total  cxix  nditure 

upon  this  important  system  slasady  ei  ud  at  least  another  imlliou  will 

be  absorbed  in  the  passage  of  the  Pyrenees. 

The  Calcutta  and  Sot/TH-EasxSU  Kailway.— The  Calcutta  and  South-  ljulem 
Railway  has  completed  the  whole  distance  from  Calcutta  to  the  Mullah.  Isiinli  sdsjlil 
miles,  and  was  opened  on  the   15th  ol   May.     The  new  i>ort.  wh,  .-1  u 

an  auxiliary  to  the  port  on  the  B  tteslgnsted  by  Lord Caunl  .head 

of  Calcutta,  and  it  has  been  detenniued  to  honour  hi-  memurj  bj   gtvliig   It 

uu.      Iti.nowl.ii  ,:h,.u-.c,    w.lh.th-     I 

Ueving  the  over-crowded  port  of  Calcutta,  laid  down  the  \  I   harbour  at  the 

Mutlah,  and  in  the  Interval  the  shipping  na-  more  thj..  doubled.    Arrangements  lure 

been  made  for  the  accomniodati,  at  the  new  port.    The  rtvi  Again 

surveyed  and  buoyed,  an.l  a  lloatlng  llght-shlt  v 

chart. ,i  the  ri\.'r  ha-  been  publulu 

lias  been  appointed  by  Government,  and  tin 

by  Act  I.,  1863,  ....  favourite  ten 

the  year,  alongside  ••!  which  vessels  ol  the  la  . 

their  cargoes  to  the  trucks  which  will 

they  will  be  distributed  to  the  ■■-. ,  ...  aiiaugssnei 

earning  company.    The  dangers  of  the  Kooghlj   »r»    mknuwi.  ...  t 

.... 
from  2}  to  4  miles  an  hour,  and  I  >.upabr»e»t 

in  it  and  turn  in  the  |>ort. 

A   X .  w    I'- 
ll.:.) now  I.. 

topol  ..  column   15ft.  high.     <  h 
ground  glaw,  with  ..1"  15.,  ami 

led  with  a  treadle  alKiut  |i  ide  of  ooo 

rail-.    On  thi 

turn-  ' 

the  - up  I 

how  Ion,,-  up  to  15  u in. ut. 
worku  tw-,  i , 
niglil.     Tliolmplti 
out  ..I  order,  and  it 

I  .,..  .,-■ . 

I  111  K    ,.-..  i     ...I.e.        I  !  4*»" 

erlhe.l. 

that  ran  be  |<a«~  •'  r   '•    "'     John    K 

ol  th.   •:  -   st  Turin 

that  ul 
on  tin    : 

•  nppl 

the  w.r'.t!.  >'\}**n' 


,  mil  t«r 
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Penge  station,  and  about  a  mile  further  on  the  junction  with  the  main  line  to  Dover  is 
reached.  The  distance  from  Victoria  station  to  Beckenham  by  the  new  line  will  be  8J 
miles  instead  of  11}  by  the  present  route,  and  from  Beckenham  to  the  Elephant  and 
Castle  the  distance  will  be  7§  miles.  Although  there  will  be  a  saving  of  three  miles  on 
the  whole  distance,  and  the  gradients  are  much  easier  than  those  on  the  West-end  and 
Crystal  Palace  Railway,  the  company  will  not  lessen  the  time  in  which  trains  run  from 
London  to  Dover  until  the  new  line  is  perfectly  consolidated.  Heme-hill  will  be  the 
junction  station  for  all  the  London,  Chatham,  and  Dover  through  trains.  Those  coming 
from  Victoria  and  from  the  Elephant  and  Castle  will  be  united,  and  the  up  trains  will  be 
separated  at  this  station.  ~ 

French  sew  Railway  System. — An  inquiry  is  open  at  the  present  moment  in  the  de  I 
partments  of  the  Seine  and  Seine-et-Oise,  relative  to  a  proposed  railway  which  is  to  be  laid 
down  in  a  direct  line,  traversing  all  the  in  equalities  of  the  surface  of  the  country,  from 
Paris  to  Marly-de-Roi.  The  concession  forthe  proposed  line  has  been  made  to  M.  le  Baron 
S^quier,  represented  by  M.  Dumeril,  C.E.,  and  is  the  result  of  demonstrations  made  at  the 
Palace  of  the  Tuileries  of  the  advantages  of  a  system  laid  before  the  Academy  of  Scieneies, 
on  the  18th  of  December,  1813,  by  M.  le  Baron  Sequier.  M.  Sequier  thus  explains 
an  invention  which  has  remained  for  twenty  years  as  a  little  model: — "We  supply  the 
cause  of  movement  to  locomotives  by  the  pressure  by  springs  of  their  wheels  against 
rails  and  not  in  the  simple  adherence  of  the  wheels  to  the  rails  by  the  weight  alone  of  the 
machine.  An  ordinary  railway,  with  simply  a  third  rail  of  wood  or  iron  laid  down  be- 
tween the  other  two ;  locomotives  nearly  the  same  as  those  we  have  at  present,  only  their 
driving  wheels  changing  their  places,  and  our  problem  is  solved.  Let  us  explain :— We 
propose  that  the  two  driving  wheels,  placed  horizontally  and  acted  on  by  very  powerful 
springs,  shall  grasp  the  central  rail — firmly  fixed  to  the  sleepers— between  them,  as  a 
train  of  rolls  does  a  bar  of  iron.  The  adhesion  of  the  wheels  then  due  to  the  pressure 
of  the  springs  secures  the  fulcrum  necessary  for  the  propulsion  of  the  engine  and  train. 
The  power  of  the  springs,  then,  which  force  the  wheels  horizontally  against  the  rails,  be- 
comes the  measure  of  the  capabilities  of  the  machine,  instead  of  its  weight.  All  attempts 
at  producing  a  light  locomotive  have  hitherto  failed,  because  weight  is  necessary  to  ad- 
hesion. Here  we  see  this  difficulty  at  once  overcome.  A  simple  enlargement  of  the  cen- 
tral rail,  acted  on,  on  inclines  by  smaller  wheels  on  the  same  axle,  suffice  to  augment  the 
power  of  the  locomotive.  Thus,  in  a  moment  speed  can  be  converted  into  tractive  power 
or  the  reverse." 

Railway  Travelling  in  India. — The  striking  feature  in  the  passenger  traffic  in 
India  still  continues  to  he  the  enormous  preponderance  of  third-class  passengers.  In  the 
year  ending  June  30, 1862,  there  were  61,817  first-class  passengers,  and  299,820  second- 
class,  but  no  less  than  6,147,055  third-class,  to  whom  may  be  added  312,958  who  travelled 
fourth-class  while  carriage  sof  that  class  were  run. 

RAILWAY  ACCIDENTS. 

Railway  Accident  at  Wolverhampton.— On  the  6th  ult.  an  accident  happened  on 
the  London  and  North  Western  Railway,  at  Wolverhampton,  which  occasioned  personal 
injuries  to  a  great  number  of  persons.  The  third-class  train  which  leaves  Liverpool  at 
7-15  a.m.  was  a  quarter-of-an-hour  late  on  arriving  at  Stafford.  On  account  of  this  delay 
an  engine  that  usually  leaves  the  shed  of  this  company  near  to  the  Bushbury  Junction,  at 
Wolverhampton,  to  take  up  a  train  at  the  passenger  station,  was  not  allowed  to  pass  the 
Bushbury  Junction  at  the  customary  hour.  At  12.45  the  Liverpool  train  had  duly  arrived 
at  the  ticket  platform  of  the  Wolverhampton  station,  and  the  officers  had  scarcely  com- 
menced to  collect  the  tickets  when  an  alarm  was  raised  that  a  collision  was  about  to 
happen.  The  collectors  left  the  carriages,  closed  the  doors,  and  the  engine  and  tender 
that  had  been  kept  waiting  at  the  Bushbury  Junction  came  up  at  a  speed  of  about  eight 
or  ten  miles  an  hour,  and  ran  into  the  rear  of  the  train,  which  was  a  very  long  one.  The 
force  of  the  collision  shattered  the  end  and  sides  of  the  guard's  break  van,  materially 
damaging  two  third-class  carriages  which  were  next  to  it. 

Extbaobdinary  Railway  Disasteb. — On  June  28th,  a  train  which  had  left  Sighthil  1 
goods  station,  near  Glasgow,  for  the  north,  was  approaching  Larbert  station,  when  the 
engine  got  off  the  rails,  dragging  after  it  a  greater  portion  of  the  train,  and  blocking  up 
both  lines  of  rails.  The  concussion  caused  by  the  sudden  stoppage  having  smashed  some 
of  the  leading  trucks,  the  debris  of  these  caught  fire  from  the  engine, — communicating 
the  fire  to  other  trucks,  said  to  be  loaded  with  petroleum,  paraffin  oil,  and  other  inflam- 
mable material — and  before  it  was  extinguished  no  fewer  than  twelve  trucks,  with  their 
contents,  were  consumed;  The  line  was  got  cleared  by  mid-day.  Fortunately  no  one  was 
injured. 

Accident  on  the  Monmouthshire  Railway. — An  aeGident  happened  on  the  5th  ult 
to  a  passenger  train  of  the  West  Midland  Railway,  travelling  on  the  Monmouthshire 
line,  by  which  one  person  was  killed  and  several  seriously  injured.  The  trains  of  the 
West  Midland  Company  run  over  the  Monmouthshire  Railway  from  Pontypool-road  to 
Newport,  and  on  this  occasion  the  11:5  train  from  Worcester,  due  at  Newport  at  1.60,  tra- 
velled safely  down  to  Pontypool-road.  This  train  does  not  stop  between  Pontypool-road 
and  Newport  (8  miles),  and  had  got  about  half-way  between  the  two  stations,  when  as  it 
passed  a  small  local  station,  called  Cwmbran,  and  while  travelling  at  a  speed  of  about  30 
miles  an  hour,  the  engine  and  train  suddenly  left  the  line,  and  dashed  against  the  plat- 
form of  the  station.  The  collision  threw  the  train  bodily  to  the  other  side  of  the  line, 
causing  the  carriages  to  be  thrown  upon  the  platform. 

BOILER  EXPLOSIONS. 

Manchester  Association  tor  the  Prevention  oe  Steam  Boiler  Explosions. — 
At  the  ordinary  monthly  meeting  of  this  association,  held  on  June  30th,  1863,  the  chief 
engineer  presented  his  monthly  report,  of  which  the  following  is  an  abstract : — During 
the  past  month,  there  have  been  examined  340  engines— 2  specially;  528  boilers — 15 
specially,  12  internally,  104  thoroughly,  and  402  externally,  in  which  the  following  de- 
fects have  been  found :—  Fracture,  8  (2  dangerous) ;  corrosion,  34  (3  dangerous) ;  safety- 
valves  out  of  order,  9 ;  water  gauges  ditto,  21 ;  pressure  gauges  ditto,  9 ;  feed  apparatus 
ditto,  2 ;  blow-out  apparatus  ditto,  35;  fusible  plugs  ditto,  13;  furnaces  out  of  shape,  4 
(2  dangerous) ;  over  pressure,  2  (both  dangerous) ;  blistered  plates,  3 ;  Total,  110  (9 
dangerous.)  Boilers  without  glass  water  gauges,  8 ;  without  pressure  gauges,  2 ;  without 
blow-out  apparatus,  13 ;  without  back  pressure  valves,  39.  Explosions. — "  No  10  explo- 
sion. The  fact  of  this  explosion  having  occurred,  was  stated  in  last  month's  report,  but 
no  detailed  particulars  had  then  been  received.  It  has  been  since  ascertained  that  the 
boiler  was  a  plain  cylindrical  egg-ended  one,  externally  fired,  and  that  the  explosion  was 
caused  by  rents  commencing  at  the  seams  over  the  furnace,  which  has  so  frequently  been 
found  to  be  the  case  in  this  class  of  boiler,  and  called  attention  to  in  these  reports. 
Two  other  explosions  of  a  very  similar  character  have  happened  during  this  month, 
particulars  of  which  are  given.  Nine  explosions  have  occurred  during  the  last  month, 
by  which  eleven  persons  nave  been  killed,  and  twenty-one  others  injured.  One  of  these 
explosions,  which  resulted  from  collapse  of  the  flue,  and  by  which  no  injury  was  done 
either  to  persons  or  surrounding  property,  occurred  to  a  boiler  under  the  inspection  of 
this  association ;  while  in  the  eight  remaining  cases,  not  one  of  the  boilers  was  under 
its  care.  No.  11  explosion  occurred  to  the  boiler  of  a  locomotive  engine  while  running 
with  a  passenger  train.  Between  fifty  and  sixty  persons  were  injured  and  four  filled. 
This  result  was  not  occasioned,  however,  by  the  explosion  only,   but  principally  by  the 


train  running  oft  the  line.  Whether  the  engine  leaving  the  rails  was  the  cause  or  the 
effect  of  the  explosion,  is  an  interesting  question,  and  one  now  undergoing  strict  investi- 
gation. No.  12  explosion,  from  which  five  persons  were  killed  and  twelve  others  injured, 
took  place  at  an  ironworks.  The  boiler  in  question,  which  was  not  under  the  care  of  this 
association,  was  personally  examined  shortly  after  the  explosion  happened,  and  found  to 
be  of  cylindrical  egg-ended  construction,  having  an  internal  flue  of  horse-shoe  shape, 
both  the  inlet  and  outlet  of  which  passed  through  the  further  end  of  the  boiler, 
the  remainder  of  the  flue  being  quite  independent  of  the  shell,  and  thus  not 
forming  any  longitudinal  Jtie  from  front  to  back.  The  boiler  was  externally 
fired,  the  flame  first  passing  underneath  the  shell,  and  then  entering  the  flue 
at  one  leg  of  the  horse-shoe,  and  escaping  to  the  chimney  through  the 
other.  The  length  of  the  shell  was  twenty-eight  feet,  the  diameter  eight  feet  six 
inches,  and  the  thickness  of  the  plate  seven-sixteenths,  while  the  blowing  off  pressure  was 
about  401b.  The  boiler  had  rent  completely  into  two  parts  at  the  fourth  transverse  seam 
from  the  front  end,  the  larger  portion  of  the  shell  flying  forwards  in  a  straight  line  from 
its  seat,  turning  a  summersault  in  its  course,  and  landing  in  a  position  quite  the  reverse 
of  its  original  one ;  the  egg-end  pointing  to  the  brickwork  seating  and  the  open  one  from 
it.  The  smaller  portion  had  flown  to  a  much  greater  distance  than  the  other,  and  not,  as 
is  usually  the  case,  in  a  direction  immediately  opposite,  but  at  right  angles  to  it.  A  sister 
boiler  working  alongside,  and  connected  to  the  one  in  question,  was  moved  laterally,  suf- 
ficiently so  to  disturb  the  brickwork  seating  and  break  the  steampipes,  though  not  to  un- 
seat it  altogether.  With  regard  to  the  cause  of  the  explosion.  The  boiler  was  fifteen 
years  old,  the  plates  over  the  furnace  had  already  been  repaired,  and  it  was  stated  that 
the  seams  at  that  part  had  been  observed  to  be  leaking  only  a  quarter  of  an  hour  before 
the  explosion  took  place ;  while  in  addition,  the  shell  was  found  to  be  patched  in  several 
places,  and  the  plates  cracked  from  the  rivet  holes  to  the  edge.  It  is  concluded,  there- 
fore, on  consideration  of  all  the  circumstances,  that  the  boiler  could  not  have  been  in 
good  condition,  the  correctness  of  which  it  is  thought  derives  some  corroboration  from 
the  fact,  that  the  boiler  alongside  was  found  at  the  time  of  making  this  examination  to 
be  also  leaking  at  the  seams  over  the  furnace,  and  that  considerably,  although  not  under 
pressure.  An  examination  of  the  fractures,  as  well  as  a  consideration  of  the  direction  in 
which  the  parts  had  flown,  led  to  the  conclusion  that  the  rent  had  commenced  at  a  longi- 
tudinal seam  of  rivets,  extending  for  some  two  or  three  plates  over  the  furnace.  The 
rent  ran  along  as  far  as  this  longitudinal  seam  extended,  and  when  met  by  a  plate  cross- 
ing it,  or  breaking  joint,  as  it  is  termed,  then  developed  into  a  transverse  rent,  and  com- 
pletely severed  the  shell  in  two.  It  is  thought  that  the  fact  of  this  longitudinal  rent  in 
the  furnace  end  of  the  shell,  being  situated  on  one  side  of  the  centre  or  keel  line,  accounts 
for  that  portion  having  been  blown  laterally,  and  that  the  upward  direction  which  it  had 
evidently  taken,  had  caused  the  summersault  of  the  remaining  and  larger  portion.  The 
explosion,  therefore,  is  attributed  to  the  imperfect  condition  of  the  boiler,  and  although 
such  defects  would  not  be  dangerous  in  a  suitably-constructed,  double-Sued,  or  "  Lanca- 
shire" boiler,  which  is  always  internally  fired,  they  are  generally  found  to  be  fatal  in  those 
boilers  which  are  fired  externally;  while  in  the  present  case  the  effect  was  aggravated  by 
the  fact  of  the  seams  of  rivets  over  the  fire  being  in  line,  and  the  diameter  of  the  shell 
being  as  much  as  8ft.  6in.  No.  13  explosion,  by  which  no  one  was  injured  or  the  sur- 
rounding property  damaged,  occurred  to  a  boiler  under  the  inspection  of  this  association, 
the  particulars  of  which  are  as  follows  : — The  boiler  was  an  upright  furnace  one,  working 
in  connection  with  two  others  of  similar  construction  to  itself.  It  was  heated  by  the 
flames  passing  off  from  a  furnace  employed  in  preparing  heavy  forgings;  the  flames  pass- 
ing through  an  internal  tube  in  the  centre  of  the  boiler,  which  ran  directly  from  the  top 
to  the  bottom.  The  extreme  height  of  this  internal  flue  was  26ft.  2in.,  but  it  was  not  of 
one  diameter  throughout.  In  order  to  admit  of  a  brickwork  lining  to  guard  the  flue 
above  water  line,  the  upper  part  was  made  of  a  larger  diameter  than  the  remainder,  and 
attached  to  it  by  a  flanged  plate  which  formed  a  set-off  or  shelf  on  which  the  brickwork 
rested ;  again,  the  lower  portion  of  the  tube  had  a  bell-mouth  at  the  bottom,  to  afford  an 
easy  entrance  for  the  flame.  The  length  of  the  upper  part  was  lift.  4in.,  and  the  diameter 
3ft.  3in. ;  the  length  of  the  intermediate  portion  was  10ft.  lin.,  and  the  diameter  2ft.  6in. ; 
while  the  length  of  the  bell-mouth  was  4ft.  6in.,  and  the  diameter  at  the  base,  3ft.,  the 
thickness  of  the  plates  being  three-eighths  of  an  inch  throughout,  and  the  blowing-off 
pressure  551b.  The  explosion,  which  did  not  in  any  way  disturb  the  original  position  of 
the  boiler,  resulted  from  collapse  of  the  internal  flue  tube,  the  collapse  being  confined  to 
the  intermediate  portion  just  described,  which  it  rent  at  about  the  middle  of  its  length. 
A  tube  of  such  small  dimensions  as  those  given,  namely,  only  10ft.  6in.  in  length,  and  2ft. 
6in.  in  diameter,  made  of  plate  three-eighths  in  thickness,  if  of  good  material  and  work- 
manship as  this  one  was,  would  be  amply  sufficient  for  a  pressure  of  551b.,  if  working 
under  ordinary  circumstances.  This  would  suggest  the  conclusion  that  the  water 
supply  had  been  allowed  to  run  short,  but  no  positive  indications  of  the  plates 
having  been  over  heated  appeared  upon  examination,  though  this  may,  however, 
have  taken  place  on  previous  occasions  without  its  being  known.  On  account  of  the 
height  of  these  upright  fnrnace  boilers,  the  glass  guages  become  inaccessible,  and 
the  one  in  question  was  fitted  with  two  gauge  taps  only,  carried  down  by  means  of 
syphon  pipes  to  within  reach  from  the  floor.  Thus  the  water  could  sink  below  the 
proper  level  without  affording  any  external  indication,  and  would  consequently  pass  un- 
known, should  the  gauge  taps  be  neglected.  This  may  have  happened  without  any  imme- 
diate collapse  of  the  tube  taking  place,  although  the  flue  would  be  materially  weakened  by 
it,  and  rendered  liable  to  give  way  some  time  after  in  consequence.  It  is  impossible  to  say 
whether  the  flue  tube  was  getting  out  of  shape  or  not,  since  the  boiler  had  been  in  such 
constant  work  that  no  opportunity  was  afforded  the  association  of  making  an  internal 
and  thorough  examination  for  upwards  of  three  years.  This  may  not  therefore  be  an 
improper  time  for  calling  attention  to  the  importance  generally,  of  having  spare  boilers, 
so  that  a  suitable  opportunity  may  be  afforded  for  examination,  as  well  as  for  cleaning 
and  repair.  The  boiler  was  found  to  be  heavily  inerusted  with  hard  scale,  which  must 
considerably  have  tended  to  the  overheating  and  weakening  of  the  flue,  to 
which  these  vertical  boilers  are  always  prone,  from  the  tendency  of  the  ascending 
steam  to  cling  around  the  tube  and  prevent  the  contact  of  the  water.  The 
inaccessibility  of  the  gauges,  and  fittings  of  these  vertical  boilers,  on  account  of 
their  height,  is  another  disadvantage  connected  with  them,  and  indeed  a 
thoroughly  good  and  safe  furnace  boiler  must  still  be  considered  as  a  desideratum. 
No.  16  explosion  happened  at  an  ironworks,  to  an  externally-fired  boiler  40ft.  long,  8ft. 
in  diameter,  made  of  plates  seven-sixteenths  of  an  inch  thick.  The  shell  of  the  boiler 
gave  way  immediately  over  the  furnace,  the  fireman  being  scalded  to  death  from  the 
stream  of  hot  water  issuing  from  the  rent.  The  boiler  had  been  repaired  at  this  part,  by 
putting  on  a  new  plate  two  months  previous  to  the  explosion,  and  it  was  at  this  plate  that 
the  rent  occurred.  This  boiler,  which  was  not  under  the  charge  of  this  association,  was 
not  personally  examined  on  the  occurrence  of  the  explosion,  but  an  engineer  who  inspected 
it  shortly  after  has  kindly  furnished  the  following  particulars : — The  plate  ripped  open 
through  the  solid  metal  in  two  places,  the  rents  being  about  fifteen  inches  long  and  one 
inch  wide ;  while  the  parts  surrounding  it  were  a  good  deal  cracked  and  the  seams  patched , 
so  that  the  bottom  of  the  boiler  was  evidently  in  a  very  defective  state.  The  ruptured 
plate  was  about  seven-sixteenths  of  an  inch  thick,  and  did'  not  appear  of  very  good  quality, 
as  if  not  thoroughly  welded  in  rolling;  but  the  fractures  were  not,  properly  speaking, 
'  blisters,"  since  the  whole  thickness  of  the  plate  had  come  down  at  once.  In  addition  to 
the  inferior  character  of  the  plate,  the  boiler  was  heavily  coated  with  incrustation,  and 
this  had  accumulated  at  the  bottom  for  a  depth  of  3in.  just  over  the  fracture,  and 
extended  for  a  space  of  4ft.  by  2ft.  This  mud  had  hardened  so  much  that  the  water  and 
steam  ploughed  but  a  small  hole  through  it  in  rushing  out.    There  can  be  little  question 
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that  this  coating  of  mud  had  kept  the  water  away  from  the  plate,  and  thus  led  to  its 
becoming  overheated,  from  which  it  gave  way.  There  was  plenty  of  water  in  the  boiler 
at  the  time  of  the  rupture. 

Boiles  Explosion  xf.ar  Dewsbury. — On  June  27th  a  boiler  explosion  causing  the 
death  of  several  workmen  took  place  at  a  mill  situate  near  Dewsbury,  on  the  1. 
liradford,  and  Halifax  Railway.  The  works  are  let  to  five  persons,  or  firms,  the  main 
building  being  a  five-storied  factory,  some  four  yards  long  by  ten  broad,  and  within  it, 
walls  processes  incident  to  the  manufacture  of  cloth  have  beeu  carried  on  for  about  two 
years.  Within  the  building,  but  at  the  cast  end,  was  a  low-pressure  engine,  and  at  tin 
gable  end  was  a  boiler-house  of  two  stories,  containing  a  double-flued  Cornish  boiler.  It 
was  this  boiler  which  exploded.  The  boiler-house  was  levelled  to  the  ground,  the  engine- 
house  shared  a  similar  fate ;  the  engine-beam  being  broken,  and  other  portions  of  the 
machinery  twisted  and  torn,  and  the  gable  end  of  the  factory  is  knocked  down  to  tin- 
lowest  storey.  The  engine  chimney,  which  is  38  yards  high,  was  cracked  from  top  to 
bottom. 

ACCIDENTS  TO  MINES,  MACHINERY,  &c. 

Explosion  of  Firedamp  in-  Glamorganshtrb.— On  June  ^rth  an  explosion  of  firedamp, 
accompanied  with  loss  of  life  to  several  men,  and  much  injury  to  persons  and  property, 
occurred  at  the  Park  Colliery,  Glamorganshire.  The  mine  in  question,  which  is  situated 
at  a  place  called  Baglan,  liritonfcrry,  is  worked  by  Messrs.  Thomas  and  Co.,  and  gives 
employment  to  about  150  workmen.  At  the  time  the  explosion  took  place  the  greater 
part  of  these  were  above  ground. 

Colliery  Explosion  at  Ruabot. — Two  men  were  killed  by  an  explosion  of  lire  damp, 
at  midnight  on  the  16th  ult.,  at  the  Wynnstay  Colliery,  Kuabon.  They  had  gone  to  their 
work  as  usual,  about  700  yards  from  the  pit's  mouth,  and  before  their  descent  their  safety 
lamps  were  carefully  locEed  by  the  man  appointed.  About  40  persons  were  at  work  in 
other  parts  of  the  pit.  An  explosion  was  heard,  when  the  managers  descended  and  : 
the  men  dead,  an  accumulation  of  fire  damp  had  taken  place,  and  it  was  manifest  that 
both  men  had  broken  open  their  I  I 

WATER    SUPPLY. 

Dublin'  'Waterworks — ToaarorG  the.  cot  use  or  the  River  Vaiiibv.— The  ceremony 
of  diverting  the  course  of  the  River  Vartry,  for  the  purpose  of  construct ing  a  water-tight 
dam  at  theprincinal  steerage  reservoir  of  the  intended  Dublin  Waterworks,  near  the  vil- 
lage of  Roundwood,  in  the  county  of  Wicklow,  recently  took  place.    There  is  to  be  a 
water-tight  dam  across  the  valley  "of  the  Vartry,  half  a  mile  long,  and  nearly  70ft.  high  in 
the  centre.    It  will  be  about  330ft.  wide  at  the  base,  and  so  broad  at  the  top  that  an 
ordinary  country  road  will  be  constructed  on  its  summit  level.    The  embankment  may  be 
said    to  consist  of  three  parts— a  central  core  of  about  ten  or  twelve  feet  thick,  and 
t'. .,,'  doping  tides,  which  taper  from  a  base  of,  say  1-V>  to  180ft  to  a  summit  of  about  15 
or  20ft     This  core,  which  passes  along  the  whole  length  of  the  bank, 
tight  material,  called  "puddle,"  but  which  is, in  fact,  brick  day,  made  into  a  sir 
like  potty  by  carefully  muting  with  water.    This  "puddle-wall,"  or  "puddle-trench," 
must  be 'based  on  a  water-tight   foundation  and  be  impacted  against  a  water-tigi 
nection  with  the  natural  strata  wherever  it  is  placed;  and  for  that  purpose  the  water- 
tight foundation  must  be  reached  at  every  point,  as  on  that  chiclly  depend,  Ihi 
of  the  bank.     In  some  banks  in  England  the  foundation  had  to  be  »unk  one  hundred 
feet  to  reach  the  sound  stratum  and  cut  off  leakages.    At    Roundwood,  an   n 
cut  of  ten  or  twelve  feet  below  the  level  bed  of  the  river  has  been   raffldo  I 
reach  this  under  the  bed   of  the  river,  the  river  must  be   diverted— and   t.,  procure   u 
water-ti"ht  passage  for  the  pipes  through  the   embankment— a  special  structure  bail 
oiade  that  will  be  in  effect  a  tunnel  through  the  artificial  bank.     lor  a  til 
will  be  allowed  to  How  freely  through  the  new  cut,  which  Is  about   Hit.  b 
Hi  -eafter  when  the  bank  will   be  completed,  pipe,  with  valves  will  be  laid  in  thl 
the  cut  plugged  up,  the  valves  closed,  and  the  water  accumulated  Inth  rv.ir. 

let  down  through  the  valve*  as   required.    In  order  to  enable  the  dit 
,.,],.,.,  ,  he  risk  of  injury  to  the  bank,  the  driest  season  haj  a,  and 

thai  in  which  the  water  may  be  expected  to  be  very  low.    Thus,  the  old  river  bed  m 
excavatedand  the  water-tight  bank  constructed  on  its  site,  before  the  advent. .1  an;. 
flood. 

GAS    SUPPLY. 

i-MT.iiivr.  His  r<, •.!!■••.  i .    The  directoi    of  this  oompanj  hat  t  drvh 

.1  lo  per  cent,  per  annum,  free  ol  Income  tax:  they  have  Uso  been  author, 
1,000  by  mortgage,  for  the  extension  oi  mains  and  works. 
Tme  Kbmo  Gas  Comsawx  lnve  decbued  a  dividend  ol  10  pea 

The    WtSBatACS  "litioii    ot    tlii-  OosjrpM 

enabled  the  d  i  iBvidend,  and  to  lower  the  prJ 

00  cubic  feet. 

The  Sw.imm  n    GAS  COKMTC  have  reduced  tlieir  price  of  ffl 
Tin    Bbistox  '■  in  reply  to 

avo  declined  to 

.„„„,., thai  the)  are  In  a  position  I  lr  making  application  to  l>arli»inrtit  m 

ion  tor  a  Hill  to  Incorporate  a  rival  com) 
The  I'iti  BSOS  11  OH  '■       I  ''""'1  a  ,liv1,1 

oi  meter  n  nl    I 
i,,,   ivobci   ris  Gab Cowunr armonnw a wds. 

■Im,    ||U1  ten  Com  pax  r  have  declared  n 

The  GaLABHN  '  un    nnnoun.-.-d  a  divide. 

Hon  in  tleir  charge  from  8».  G   I.  to  .<.  I'W. 

I  si    Bbbi  hin  Gas  Co  lared  divide,..!  Is  10 

,  „  ved  a  dividend  at  • 

per  annum. 

vsv  report  pfuspeiuurij  "f  fhtb  affair.,  and  declare  a  div. 

SEWERAGE    WORKS. 


I   .  Ibein  Hie  ll  i 

its  to  ll.irt.ii.     ' 

,uth  Mill        I'h     M    ' 
sm.l  run,  froi  .I1 

ng  in  cir fcrrii  ■■  rw  the  wat,  ■  I     I ■  *    ■ 

' 


an  area  of  fourteen  square  miles.    The  Middle  Level,  as  being  lower  in  the  ta. 

slope  of  which  London  is  built,  is  laid  at 

even  more,  below  the  surface.     Tl 

to  Bow.    The  Low  Level  will  extend  from  I 

Stratford,  and  one  portion  of  it  will  pa--  through  the 

the  Low  Level  water.  it  a  pumping  stai. 

junction  of  the  High  and  Middle  Level  ,. 

through  these  ti eN  to  the  main  reservoir  and  final  fall  at  Barking.    On  the  tooth  side) 

of  the  Thames  the  three  great   sewer  arteries  are  constructed  on  similar  plan*, — the 
High  L.v.l  from  Dulwich  to  Deptford;  the  middle  from  Ctapham  to  Ueptfi-ri:  ami  tho 

i.oni  Putney  to  Deptford,    At  this  point  isa  pumpimr  nation,  which  raiae*  the 
water  from  the  low  to  the  high  level,  whence  it  tosai  away  throe-  inael  to 

Point.    One  part  of  this  tunneL  passi  ale  and  a  half 

in  length,  without  a  break,  and  driven  at   a  .. 
outfall  will  be  another  pumping  station,  to  lift  the 
reservoir  is  onl]  .t ;  that  on  the  t 

will  be  deodorized.  The  two  culverts  which  carry  the 
stations  are  as  large  almost  as  railwa 


iron  strainers,  which  keep  out  all  the  m 
which  is  afterwards  dredged  up  I 
into  the  river  at  low  water.  The  pump:: 
engines  begun.     The  pum] 
ten  boiler-  calculated  to  work   U| 
through  i-igit  pump 

feel  of  sewage  Bwm  !><  teet 
ity,  the  pumpscan  i  . 

will  llow  is  not  yet  finished,  but  wl 

DOCKS,  HARBOURS.  BRIDGE- 

Phoposed  I'ir.u  at  Alio  . 
at  Aldborough,  Suffolk.     It  i- proposed  to  run  it  out    •■ 
the  inner  s|n,r  oimanil  loft,  of  water  at  the  lowest  eptt 

construction  is  estimated  at  I 


from  the  suiiaev.    At  tho 

r.    The  southern 
is  fourteen.     In  the  reser. 

aiiiI  west  pmnpiar 
:  ranee  to  the  pomp*  aro 
ee  brought  down  the  aewrr.  aaJ 
filth  chaniU 

finished,  and  the  iruawork  of  lhe> 
of  an  engine  ho 
nominal.     This  power  ' 

■ 
1  of  the  .utfall:  but,  in  ease  of 
iv.    The  re*.- 


a  wrvug-  if  .r  n  '  ■'  * 
.  the  outrr  edge  0/ 
'  tkic*.      It.r  <~ml  of 


MINES,  METALLURGY,  «c. 
.Metallic  Alloy.— Mr.  A    I     v  :   ltirmiiwham.  propose*  the  nee  of  an  i 

asubstit'.  pan*;  aluminum-., 

parts;  and  gold,  2)  part-.    The  alloy  formed  U  described  as  very  c'.oarlj  rcatrabtlas;  toe 
gold. 

APPLIED  CHEMISTRY. 
(iv  Tin  BpaaiiiuTtiar  n  -  rest  v«»   K>  i»  tsm 

glass  is  In  no  means  uew.  •  urpoae  waslong  a.- 

patented  by   M.  W 1 1  - 

And.     ifc 
from  thoaa  pr<  • 
a  hard  an 

one  indii-1 

the  dry  wa>  a  - 

- 


Mure,  and  .  th.  r..    It  •«< 

i  i  pi  oca—  djflem  ajoialily 


mm  oet,.  a- 

EC*.  *T 

hastened  by 


p  that  a*  nine 


IN  from  ordinary  rustn  em 
trial  irf  a  I 

ha*  ah  »r«*1 

U.  Wi- 
the   ». 
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List  of  New  Patents. 


["The  Abtizajt, 

I     Aug.  1, 1863. 


LIST  OF  APPLICATIONS  FOR  LETTERS 
PATENT. 

Wb  HAVE  adopted  a  new  arrangement  of 
the  Provisional  Protections  applied  for. 
byInventors  at  the  Ghhat  Seal  Patent, 
Office.  If  an?  difficulty  should 'arise 
"with  referrncb  to  the  names,  addresses, 
or  titles  givbn  in  the  list,  thh  requi- 
site information  will  be  furnished,  free 
of  expense,  from  the  office,  by  addressing 
'a  letter,  prepaid,  to  thh  editor  of 
"The  Artizan.* 

Dated  June  23rd,  1863. 

J575  J.  Murray — Chains  or  chain  cables  and  rings. 
"1576  A.  R,  Stocker — Preparing  aud  fashioning  iron 

applicable    to   the    manufacture   of  boot   heels, 

tips,  and  horse  shoes. 

1577  J.  Ellison  &  A.  Rogerson— Slubbing,  inter- 
mediate and  roving  frames,  in  throstles  and 
winding  machines  used  for  the  manufacture  of 
cotton  or  other  fibrous  materials. 

1578  W.  W.  Sleigh— Semi- nugatory  motive  power 
engine. 

1579  S.  Robinson,  J.  Priestley,  &  J.  Foulds — Loom* 
f©r  weaving. 

1580  T.  F.  Parsons— Preparing  plates,  bars, or  other 
objects  of  iron  for  being  coated  with  metals  or 
alloys. 

1581  R.  A.  Brooman — Breech-loading  arms. 

1582  W.  L.  &  T.  Winans— Steam  boilers. 

3583  W.  L.  8c  T.  Winans— Lessening  the  friction 
of  the  rubbing  surfaces  of  the  slide  valves  of 
engines  and  of  the  journals  of  shafts. 

1584  W.  L.  &  T.  Winans— Superheating  steam  in 
steam  boilers. 

1555  E.  Brooks — Breech-loading  tire  arms. 

1556  A.  Mein — Generating  steam 

1587  F.  Feichtinger — Paper  applicable  for  hemorr- 
hoidal complaints. 

1583  W.  Toovey  —  Photolithography,  photozinco- 
graphy, and  photographic  engraviug  on  copper 
or  steel  plates. 

;Datbd  June  24th,  1863, 

1389  S.    Knowles    &    R.    Hay  ward — Plaiting   and 

measuring  woven  fabrics. 
1590  T.  Redwood — Straining  or  mixing  and  strainiug 

liquid  and  solid  substances. 
3591  P.  R.  Hodge — Fleeting  hydrostatic  machinery 

adapted  to  pn-sses,  dry  docks,  slips,  or  the  moving 

or  lifting  of  heavy  masses. 

1592  E.  Myers  &  W.  R.  Williams— Gas  meters  for 
measuring  the  flow  of  gas. 

1593  S.  Smith— Liquorice. 

1594  J.  L.  Hushes— Ornamenting  porcelain. 

1595  T.  Skinuer — Ornomeulatiou  of  silver,  German. 
silver,  Britannia  metal,  electro-plated  or  other 
plated  goods. 

1596  A.  E.  Brnc— Actuating  domestic  bells  and 
other  signals  by  the  electric  current. 

Dated  June  25th,  1863. 
.1597  A.   Ripley —Packing,    chiefly   applicable    to 
piston  rods  aud  pumps,  and  for  forming  the  joints 
of  gas,  steam,  or  water  pipes. 

1598  C.  A.  Count  de  Goddes  de  Liaucourt — Saving 
life  from  drowning. 

1599  D.  Hussey— Bobbins,  and  the  winding  of 
roving  or  yarn  thereon. 

1600  T.  Page — Horse  shoes  and  their  fastenings. 

1601  J.  O.  Mathieu — Twisting  machines. 

1602  R.  Mushet — Iron  aud  steel. 

3603  W.  Kirrage— Using  Apo  elastikon  hyphrasma 
as;  a  new  and  improved  cloth  for  floors,  roofs, 
walls,  tanks,  and  other  linings,  being  impervious 
to  damp  and  of  great  strength  and  durability. 

1604  H.  G.  Craig — Preparing  iron  and  other  metal 
plates  for  shipbuilding  and  other  purposes. 

1605  H.  C.  Lee — Sewing  machiues. 

1606  A.  Watson— Fastening. 

1607  J.  Head  8c  H.  Brinsmead— Thrashingmachines 
and  cutting  aud  bruising  straw. 

Dated  June 26th,  1863. 
J60S  A.  Tulpin— Stretching  aud  dyeing  fabrics. 

1609  W.  Clark— Aeratiug liquids. 

1610  G.  Boccius —  Composition  suitable  for  the 
manufacture  of  candles  and  other  like  articles, 
and  pomatum,  and  au  improved  wick  for  burning 
with  such  composition.  , 

1611  W.  E.  Gedge— Placing  tyres  on  wheels  or 
hooping  or  ferruliug  generally  while  the  metal  is 
hot. 

1612  J.  Griffiths—  Puddling  iron  and  steel.' 

1613  R.  Musbet— Iron  and  steel. 

j;Dated  June  27th,  1863. 

1614  T.  Duuu— Construction  and  maintenance  of 
the  permanent  way  of  railways. 

1615  G.  Clark — Guus  and  projectiles,  and  carriages, 
platfoims,  and  shields  for  working  and  protecting 

gUUB. 

1616  W.  &  J.  Bradstaw — Looms  for  weaving.- 

3617  E.  1".  Hughes— Couplings  for  hose  pipes,  and 
also  connecting  axles  to  the  naves  erjbosses  of 
wheels. 

3618  J.  Cha'terton — Lining  iron  and  other  tubes  and 
hollow  vessels,  and  manufacturing    corrugated 

;  tubes  of  plastic  materials. 

Dated  June  29th,  1863. 

1619  G.  Davjes — Cork  cutting  machine. 

1620  W.  Andrews  —  Insulating  electric  telegraph 
wires, 

1621  C.Avery — Rotary  engines. 

1622  L.  E.  Hicks— Inkstands. 

Dated  June  30th,  1863. 

1623  F.  J.  Duggan — Connecting  lamp  chimnies  and 
other  glasses  or  shades  with  the  burnersof  lamps. 


1624  L.  F.  A.  B   Marulaz— Combs. 

1625  J.  G.  Jennings  &  M.  L  J.  Lavater — Stoppers 
and  lids  or  covers  for  jars,  bottles,  aud  other 
vessels,  also  closing  and  fastening  other  articles, 
and  constructing  and  fixing  packing  and  other 
rings  and  discs  and  diaphragms  of  vulcanised 
india  rubber. 

1626  J.  Simpson — Iron  hurdles  and  fencing. 

1627  J.  H.Johnson — Moulding  or  shaping  pottery- 
ware. 

1628  A.  K.  Richards — Ordnance  and  five  arms,  and 
projectiles  to  be  used  therewith. 

1629  C.  H.Gardner — Lithographic  and  zincographic 
presses. 

1630  A.  Silvester — Apparatus  to  be  used  in  the  ex- 
hibition of  dramatic  aud  other  performances. 

1631  S.  Cole  —  Clasps  or  fastenings  for  securing 
brooches,  solitaires,  and  other  dress  ornaments. 

SDated  July  1st,  1863.; 

1632  T.  Williams— Effecting  or  aiding  in  effecting 
the  locomotion  of  land  carriages  or  vehicles  and 
floating  vessels  by  roauuul  power  or  other  primary 
motive  agency 

1633  J.  Blake — Reducing  and  regulating  the  pres- 
sure or  quantity  of  steam,  and  discharging  the 
water  of  condensed  steam  from  cylindets,  pipes, 
aud  other  vessels. 

1634  T.  Alliston  &  R.  Swift— Metallic  joints  for 
bedsteads,  and  the  application  of  such  joints  to 
ceitain  parts  of  bedsteads. 

1635  W.  Suell— Waterproof  material. 

1630  T.  Boyle  —  Promoting  ventilation  in  every 
description  of  dwelling  place  and  building. 

163/  C.  P.  Coles — Working  guns  in  vessels  aud 
forts,  aud  discharging  them  under  water. 

1638  R.  C.Clapham— Hyposulphite  of  soda,  sulphite 
of"  soda,  aud  sulphite  of  lime. 

1639  J.  H  Johnson — Coating  or  covering  metal 
sheets  with  metals  or  alloys, 

1640  J.  St  J.  S.  Harvey— Cutting  tobacco  into  cakes 
suitable  for  the  press. 

1(541  T.  Taylor— Railway  breaks. 

1642  H.  Hutchinson — Boots  and  shoes. 

1643  G.  T.  Bousfield- Preparing  cotton,  wool,  or 
other  fibrous  material. 

1G44  J.  it  J.  Cole,jun. — Looms  for  weaving. 

Datrd  July  2nd,  1S63. 

1645  J.  J.  Shed  lock — Wet  gas  meters. 

1646  R.  A.  Brooman — Protecting  metals  and  metallic 
art-cies  from  oxidation,  and  coating  state,  bricks, 
pottery,  and  ceramic  ware. 

1647  A.  A.  Croll — Purification  of  gas  for  illumina- 
tion. 

164S  E.  Llovd — Waterproofing,  softening,  and  pre- 
serving all  kinds  of  wearing  1-^ither,  rendering 
old  hard  leather  soft  and  pliable  and  impervious 
to  wet,  particularly  boots  and  shoe3,  carriage 
harness,  gig  aprons,  carriage  heads,  and  mill 
bands. 

1649  W.  Miller — Evaporating  through  the  combined 
agencies  of  heat  and  centrifugal  force. 

165IJ  F.  Ransome — Coating  or  preserving  irou  ships 
or  vessels,  or  iron  used  for  other  purposes. 

1651  J.  King— Feaciuglaud  aud  hanging  gates. 

Dated  July  3rd,  1863, 

1652  C  Martin — Treatment  and  preparation  of  ma 
terials  for  the  manufacture  of  paper. 

1653  H.  Broadhead  &  G.  Murdoch — Breech  loading 
ordnance,  guu  carriages,  an'i  concussion  shells. 

1654  W.  E.  Newton — Treatment  and  p;eservation 
of  skins  of  all  kinds. 

1655  R.  Dairson— Decorticating  and  cleaning  corn 
and  other  grain. 

1656  C.  Baulch— Boots  and  shoes. 

1657  H.  Brinsmead — Cooking  apparatus. 

1658  H.  Thomas— Candlesticks. 

1659  H.S.  Warner — Treating  or  preparing  meg^ss 
and  other  substauces  to  be  used  as  fuel. 

1660  E.  Lelius — Churning. 

Dated  July  4th,  1863, 

1GG1  J.  C.  MacDonald  &  J.  Calverley— Printing 
apparatus.  * 

1662  M.  E.  Eyth—  Rotative  engine. 

1663  J.  MacDonald— Jacquard  looms. 

1664  R.  Flude  &  J.  Farndou — Looms  for  weaving 
narrow  fabrics. 

1665  J.  Grimson — Shuttles  for  weaving  narrow 
fabrics  and  mounting  aud  fitting  them  to  the 
batiens, 

1666  H.  A.  Bonneville— Steam  engines. 

1667  H.  A.  Bonneville — Obtaining  motive  power. 

1668  H.  A.  Bonneville— Telegraph  wiTes. 

1669  A.  Norman — Apparatus  for  fanning  or  for 
agitating  air. 

1670  J.  Oxley — Filtering  apparatus. 

1671  G.  A.  Barrett,  W.  Exall.  C.  J.  Andrews,  A. 
Barrett,  &J.L.  Bowhay — Thrashing  machines. 

Dated  July  6th,  1863. 

1672  A.  &  B.  S.  Gower— Sowing  and  harrowing 
machine. 

1673  J.  Samuel— Gas  for  lighting  and  heating  pur- 
poses. 

1674  W.  B.  Adams — Wheels  and  their  tires,  axles, 
aud  axle  boxes. 

1675  T.  W.  Couldery— Attaching  boxes  to  hold 
soap,  black  lead,  or  similar  household  articles  to 
the  sides  of  wash-tubs,  pails,  or  house  boxes. 

1676  J.  McG.  Croft — Propellers  for  propelling  ships. 

1677  S.  J.  Cooke — Supplying  carbonic  acid  gas  to 
casks  or  other  vessels  containing  bed'  or  other 
fermented  liquid. 

1678  H.Caunter — Lubricating  matter  or  composition. 

1679  B.  Bontield— Stoppers  for  boitles. 

1680  G.  C.  Collyer— Treatmeut  of  cut  tobacco  for  its 
better  preservation. 

Dated  July  7th,  18G3. 

1681  C.  Schiele— Turbines. 

1682  L.  J.  Guichard  &  G.  F.  J.  Lefebre— Lamps  for 
burning  mineral  oils. 

1683  W.  S.  Bruce— Lucifer  matches,  fusees,  and 
other  similar  lights. 


1684  E.  Edwards— Glass  finger  plates  an!  other 
articles  made  of  glass,  and  kilus  tor  annealing 
articles  made  of  glass. 

1685  G.  Bartholomew — Shoes  for  the  feet  of  horses 
and  other  animals,  and  the  means  of  connecting 
them. 

1G86  J.  Orr — Weaving  piled  and  other  fabrics. 

1687  W.  E  Gedge— Seats,  chairs,  sofas,  lounges, 
aud  other  similar  articles  of  furniture. 

1688  W.  E.  Gedge — Apparatus  for  militing. 

1689  S.  Robinson — Spring  hinges  for  awiug  doors. 
1G9U  G.  P.  P.  Reed— Watchas  or  timekeepers. 

Dated  July  8th,  1863. 

1691  E.  Myers  &  H.  Forbes— Propelling  and  ateer- 
iug  ships. 

1692  G.  Haseltine — Brick  machines. 

1693  W.  Biislbid — Generating  and  purifying  gas. 

1694  F.  Ely  —  Composition  applicable  to  corn 
pouters. 

1695  H.  Armstrong — Alum. 

1696  J.  Gibson,  S.t  R.,  &  W.  Trulock— Breech- 
loading  fire-arms. 

1697  P.  A.  L.  de  Fontaiuemoreau — Roofing  houses. 

1698  T.  Preece — Corn  and  seed  drill. 

1699  A.  G.  Southby— Diverse  lamps. 

1700  R.  &  L.  A.  Tallerman— Water  proofiing-  and 
ventilating  boots,  shoes,  and  slippers. 

1701  G.  Haseltine — Lever  horse-power  machines. 

1702  W.E.  Newton— L^cks  and  fastenings. 
1701!  H.  1).  P.  Cunningham— Working  guns. 

1704  J.  Thomas — Treating  ores  aud  earths  contain- 
ing iron. 

Dated  July  9th,  1863. 

1705  S.  Davis— Anatomical  bit  for  horses  or  other 
animals. 

1706  J.  Smith  &  S.  A.  Chease— Hydraulic  engine. 

1707  W.  Williams— Shirt  collars  and  boys'  aud 
ladies'  collars. 

170s  R.  Phillipson  &  W.  Bond— Temples  for  looms, 

1709  R.  A.  Brooman — Ships  aud  propelling  the 
same. 

1710  P.G.  B.  Westmacott — Cranes  and  dock-gate 
and  other  crabs. 

1711  J.  F.  Delany  &  J.  C.  R.  Okes— Pistons  of 
steam  engines. 

1712  1*  G.  B.  Westmacott — Hydraulic  engines. 

1713  W.  V    Wilson— Red  colouring  matter. 

1714  R.  Agate — Roofs  and  other  lights  for  railway 
stations,  conservatories,  and  orher  structures. 

1715  W.  E  Newton — Barometers  or  gauges  for 
measuring  the  pressure  of  fluids. 

17!o  W.Teut — Pins  or  hooks  for  suspending  fabrics. 

1717  G.  Gowland — Nautical  and  surveying  instru- 
ments. 

1718  W.  Tasker— Thrashing  machines. 

Dated  July  IOlIi,  1863. 

1719  P.  A   Godefroy— Purifying  oils. 

1720  A.  R.  Johnston—  Portable  fence. 

1721  M  A.  F.  Meunons— Protecting.the  silvering  of 
mirrors. 

1722  J.  J.  Shedlock— Soil  pits. 

1723  C,  de  Bergue— Piles  for  foundations  and  piers. 

1724  W.  Clark— Ornamental  lace. 

1725  T.  Legg  &  R.  Griffith— Sewing  machines. 

1726  It,  Hounsby,  jun..  J.  Bonnall,  &  W.  Astbury— 
Traction  engines  and  apparatus  for  ploughing 
and  tilling  land. 

1727  W.  E  Joues — Permanent  way  of  railways. 

1728  W.  Henderson — Treating  ores  and  other  sub- 
stances containing  iron 

1729  J.  P.  Ilourquiii— Rolling  prss- 

1730  J.  Camp bell—  Permanent  way  of  railways. 

1731  R.  St  W.  Hawthorn — Working  of  railways. 

1732  L.  Stihe— Galvanic  batteries. 

Dated  July  I lth,  1863, 

1733  E.  1>.  Chatfaway— Railway  signals,  ■ 

1734  M.  W.  Ruthveu— Steering  vessels. 

1735  A.  Dixon  St  J.  Pumphrey— Cout  flower  cli 

1736  J  .•Orr,  J.  Hriutou,  f*  J.  Lewis— Chenille. 

1737  J  ."Barnes — C.ipping  off  connecting  threa 
lace. 

173s  K.  A.  Brooman— Cartridges. 

1739  H.  Greaves— Railways  and  tramways. 

Dated  July  13th,  1863. 

1740  J.  Mortimer — Dwelling  houses. 

1741  R.  D.  Dwyer — Casks  aud  o tiler  vessels. 

1742  H.  Coulter — Burners  for  hydro-carbon  and 
other  fluid  burning  lamps. 

1743  R.  D.  Dwyer— Letter  copying  presses. 

1744  H.  N,  King — Apparatus  for  producing  spactral 
illusions  on  the  stage. 

1745  J.  Barton — Guard  for  coal  and  other  pits. 

1746  R.  S.  Walker— Coating  iron  ships. 

1747  G.  H.  Barber — Calendar  cr  date  denoting- 
apparatus.  V»35S!)9|  <jt&&£ 

1748  J.  Lamg— Dyeing  and  printing.  e* 

1749  R.  A,  Brooman  —  Suspending  chandeliers, 
gaseliers,  and  other  weights. 

1750  R.  A.  Broomau — Sizingwarp  and  weft  threads. 

1751  P.  C.  A.  Iodocius—  Fishing. 

1752  H.  A.  Bonneville— Breech-loading  fire-arms. 

Dated  July  14th,  1863. 

1753  L.  M.  Bouruique  &  J.  B.  Vidard— Railway 
carriages. 

1754  L.  Al.  Coumique  &  J.  B.  Vidard— Waggons  for 
railwavs 

1755  J.  R".  Cooper — Sights  for  rifles  and  other  fire* 
arms. 

175b"  C.  Opperman— Connecting  nnd  disconnecting 

horses  and  other  auimals  with  carriages. 
1757  J.  T.  Cooke — Battens. 

1756  J.,  T.,&F.  R.  Holmes— Thrashing  and  dress- 
ing- machines. 

1759  G.  Saxon— Metallic  pistons. 

176U  J.  Davison — Furnaces. 

17bl  R.    Hornsby  &  J.   E.  Phillips— Reaping  and 

mowing  machines, 
17b2  W.  Wood— Covering  land,  bog,  or  peat,  with 

earth  or  soil. 

1763  E.  Sonstadt — Sodium. 

1764  W.  Roberts— Ploughs. 

176"5  J.  L.  Todd— Hollers  employed  for  spinning 
fibrous  materials  whilst  iu  a  wet  state. 

I7n(j  J.  Stater— Compressing  bricks,  tiles,  and  other 
plast  c  materials. 


ip. 
ads  of 


Dated  July  15th,  1S63. 

1767  E.  Funuell — Self-acting  electro-magnetic  clock 
work  signal  for  railway  purposes. 

1768  T.  Wimpenny — Roving  and  spinning  wool, 
cotton,  aud  other  fibrous  substances. 

1769  D.  P.  Wright—  Attaching  the  burners  of 
paraffin  and  other  lumps  to  the  founts  or  oil  con- 
tainers. 

1770  W.  T.  Cheetham— Obtaining  hydraulic  motive 
power. 

1771  W.  Clark — Making  paper  transparent  and 
transferring  designs. 

1772  p.  A.  J.  Dujirdin— Electric  telegraphs. 

1773  M.  Henry — Figuring, oruameutiug,  and  colour- 
ing fabrics. 

1774  R.  A.  Brooman — Reducing  charcoal  and  other 
friable  substauces  to  fine  or  impalpable  powder. 

1775  R.  A.  Brooman — Telegraphing  by  electricity. 

1776  D.  C.  Clemm — Employment  ot  magnesia  and 
its  combinations  in  manufactures. 

1777  D.  Tamet — Breakwaters. 

Datsd  July  16th,  1863.  * 

1778  H.  Mege— Treating  fatty  matters. 

1779  A.  Watson — CooKing  ranges. 

1780  S.  A.Cooper — Packing  case  to  contain  bottled 
beer,  wine,  or  any  other  liquid  in  bottle. 

1/B1  J.  N.  Tayior  Ik  W.  Austin— Ships. 
1762  H.  Eliott— Breech-loading  fire-arms. 

1783  L.  Priestley  &  J.  L.  Todd— Elastic  boots  and 
shoes. 

1784  L.  R.  Bodtner— Manufacture  of  a  new  product 
Horn  peat  and  peat  tar. 

1785  C.  Stokes— Expanding  and  contracting  horse 
collar. 

1786  G-.RanH — Apparatus  for  boiling  aud  cooking. 

1787  J.  Lamb  &  S.Tovey — Looms  for  weaving  carpets . 
17t8  A.  Muntleart    aud  W,  Tent— Attaching  hooks 

to  furniture  and  fabrics. 

1789  B.  Lambert — Preparation  of  waste  paper  in 
Older  to  its  being  again  used  in  the  manufacture 
of  paper. 

1790  O.  Wakefield— Cocks  or  taps. 

1791  N.  Thompson — Boatbuilding. 

1792  E.  Maw— Pillars,  posts,  columns,  moulding?, 
aud  buildings,  when  corrugated  metal  is  employed  . 

Dated  July  17th,  1863. 

1793  A.  J.  Sedley— Canopies  of  bedsteads. 

1794  A.  C.  D.  Wild— Producing  raised  patterns  on 
telthais.  caps,  and  bonnets. 

1795  J.  Darrieux — Powder  for  cleaning  metals. 

1796  F.  Lepoutre — Mechanical  sector. 

1797  T.  Johnson — Washing-  and  cleansing  casks. 

1798  E.  Alcau— Gas  burners. 

1799  II.  A.  Brooman— Varnish. 

1800  G.  V.  Wilson  and  G.  Payne— Soap. 

18U1  R.  Coenen — Winding,  measuring,  and  sizing 
s.lk. 

1802  J,  H.  Johnson — Machine  knitting  needles. 

Dated  July  lsih,  1863. 

1803  A.  Clark— Revolving  shutters  aud  blinds. 

1804  W.  C.  Page— Preventing  and  removing  the  in- 
crustations  in  marine  and  land  steam  boilers. 

1805  E.  Holborow  and    I,    Parker — Sights  for  fire- 

1806  G,  Murdoch — Steam  and  vacuum  gauges. 

1807  F.  J.  Mayor— Horseshoes. 

Datkd  July  20th,  1863. 

1S0S  W.  Simpson  and  J.  Hutton — Hollow  cutting 
tools. 

1809  F.  A.  Calvert— Opening,  cleaning,  and  pre- 
paring  fibrous  substances. 

1810  R.  B.  Brassey  and  J.  Hargreaves— Smug  and 
drying  yarus  and  labrics. 

1811  T.  Knowles— Cleaning  cotton. 

1812  J.  and  \V.  H.  Bailey— Preventing  boiler  eic- 
plosious. 

18i3  A.Smith — Dragging  bristle?. 

1814  W.  H.  Gedge— Inland  navigation. 

1815  A.  A.  Pelaz—  Printing  fabrics. 

1816  F.  Ayckbourn — Air  aud  water  beds. 

1817  J-  Lyman — Micrometer  draughting  scales. 

1818  R.  Weare— Water  closets. 

1819  J.  Goold— Ink. 

Dated  July  2lst,  1363. 

1820  F.  L.  H.  Dauchetl— Purifying  water. 

Is21  C.  H.  Roeckner — Reducing   wood  To  a  fibrous 

condition. 
1S22  W.  Clarke — Manufacture  of  fabrics  ia    twist 

lace  machinery. 
1823  W.  L  Aberdeiu — Sof'teuiug  and  preparing  Har. 
1»24  C.  S.Duncan — Apparatus  for  heating,  inciting, 

boiling,  and  evaporating. 

1825  E.  T.  Bainbridge— Ventilation. 

1826  J.  E.  Vanner — Umbrellas  and  parasols. 

1827  G.  Haseltine — Harrowiug  and  smoothing  land. 

1828  R.  A.  Biuomau— Wutches. 
1329  E.  Alcan — Condensing  steam. 

1830  W.  Naylor— Safety  valves. 

1831  W.  E.  Newton — Mats, straps,  bauds  and  ropes. 

Datkd  July  22nd,  1863. 

1832  P.  R.  Jackson— Rolling  hoops  and  tyres. 

1833  J.Rouald — Preparing  and  spinning  hemp  and 
flax. 

1834  C.  Senior— Closing,  punching,  and  rivetting 
hose  pii.es. 

1835  J.  White — Pyramid  and  other  cans  for  oil. 

1836  C.  Beslaj — Making  tuorics  waterproof. 
1337  B.B.  Bertram — Advertising  medium. 
18J8  I.  Perriu — Danger  signals 

1839  J  Simmons — Ploughs 

Dated  July  23rd,  1S63. 
1640  W  Cole— S  ifety  of  window  cleaaers 

1841  AT  Holden— Springs 

1842  L  L  J  F:lliou — Extinguishing  chimney  fires 

1843  M  A  Soul— Expelling  refuse  matter  from  steam 
and  sailing  ships  below  the  water  line 

1844  G  Da  vies — Revolving  fire-arms 

1345  W  and  J  Garforth— Preparing  textile  fabrics 

1846  M  Meisel— Regulating  the  speed  of  trams 

1847  W  Horton— Firearms 

1848  W  Clark— Saddles 

1949  T  Perkins— Horse  and  hand  rakes 
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A    CRITICAL    AXD    HISTORICAL    REVIEW   OF    LOCOMOTIVE 
ENGINEERING. 

Br  J.  J.   BlRCKEL. 
(Continued  from  page  118. — Illustrated  hy  Plate  217.) 

With  a  view  more  especially  to  establish  a  contrast  between  the  ideas  of 
different  Locomotive  Engineers,  as  embodied  in  their  respective  productions, 
we  have  prepared  a  series  of  copper-plate  engravings,  including  illustrations  I 
of  tvpes  of  such  locomotive  engines,  taken  from  the  practice  of  various  | 
makers  and  locomotive  superintendents  as  have  obtained  deserved  repute 
for  efficiency   and  durability,   and  which  at   the  same  time  possess  very 
distinctive  characteristics.     In   the  accompanying  plate  217,   the   first  of  \ 
our  series  devoted  to  the  illustration  of  the  several  types,  Figures  1,  2,  3, 
and  4  represent  Mr.  Ramsbottom's standard  express  engine,  as  constructed 
under  his  superintendence  at  the  works  of  the  London  and  North- Western 
Railway  Company,  at  Crewe. 

This  class  of  engines  we  believe,  has  generally  to  carry  the  Irish  mail, 
upon  that  portion  of  the  road  between  Stafford  and  Holyhead,  the  train 
consisting,  on  an  average,  of  eleven  carriages  and  a  break  van,  which, 
with  the  engine  ar.d  tender,  make  a  gross  load  of  about  90  tons,  at  a 
mean  speed  of  45  miles  per  hour ;  this  duty  is  performed  with  an  average  ] 
•consumption  of  2GVlbs.  of  coal  per  mile,  the  road  between  Chester  and 
Holyhead  being  very  heavy. 

Their  main  dimensions  and  leading  features  are  as  follows  : — 

Boiler  Barrel. — 10ft.  5in,  long  x  3ft.  llin.  diameter,  made 
plates,  single  rivetted  ;  height  from  rails  to  centre  of  barrel,  6ft.  Gin. 

Fire-box  SHELL. — Flush  at  the  crown  with  the  barrel.  I  It. 'Jin.  long 
wide,  made  of  ,;Min.  plates;  two  2  in.  -a.  tv  valves,  placed  on  the  crown 
of  the  shell,  and  constructed  on  Mr.  Ramsbottom's  principle. 

Fiee-box. —  1ft.  2in.  long    *  3ft.  Gin.  wide    x    6ft.  "in.   deep,   > 
iin.  copper  plates,  the  tube  plate  excepted,  which  is    I'm.  thick;  provided 
with  the  smoke  burning  apparatus,  described  in  our  paper  treating  of  the 
boiler.     (In  THE  AbtizaX  of  January,  1863.) 

HlATING  Si  p. face.— 192  brass  tubes,  2in.  diameter  x  loft.  EHn.kmg 
1080  square  feet ;   lire-box,  2in.  diameter  x   10ft.  9in.  long    -    96   Square 
feet ;  total  1175  square  feet. 

Fikk  Gbate. —  tft.2in.long   x  3ft.  Gin.  wide  =  117  square  re< 
bars,  26  in  number,   lin.  thick  at  the  top,   with  a  space  Of     in.    between 
them;  the  fire  bar  frame  consists  of  two  round  bars  of  iron,  Bin.  diameter, 
resting  at  each  end  in  a  V  seat,  bolted  agl  .  with   >in. 

iron  pegs  screwed  into  them,  at  such  provide  an  in.:, 

gpac(.  for  rs.  By  this  arrangement  it  is  found  thai  the  latter  do 

not  solder  together,  as  is  frequently  the  case  with  the  frames  commonlj  used. 

8moke-box.— 2ft  8in. long   -    2ft.  llin.  radios,  partlj   enclot 
cylinders ;  provided  at  the  bottom  with  a  funnel,  having  an  aperl  ore  ol  Bin. 
length  and  liin.   width,  to  relievo  the  smoke-box  of  the  cinders  which 
would  accumulate  rapidly  during  the  combustion  of  coal.     Hy  censing  the 
front  lip  of  the  aperture  to  project  slightly  below  the  baekBp,  which  Is 
bent  back  war  Is  with  an  easy  curve,  it  is  (band  that   the  vaeonn 
impaired,  while,  by  this  very  simple  contrivance,  the  smoke-hoi 
protected  against  the  destructive  action  of  red  hot  cinders. 

Chimwey.— 16in.  diameter  -  18  feel  lin. high,  meesnred from  thenus, 

Cylinders.— Outside,   lGin.  diameter    •    Mis  rtrohe,  fitted   srltfa  in- 
ternal back  cover,  and  with  Mr.  Ramsbottom's  patent  piston.   Si 
8}in.  bore ;  steam  ports,  13|ln.  hog    -     Ifta.  wM#|  «hsns4    pott, 
wide;  lap  of  valve,  Jin.;  blast  orifice, *iln. 

Lish-  motiok,  with  screw  reversing  gear,  Ulostrated  and  d.-.cribeu  in 

detail  in  our  paper  on   the  link   motion,  given  In  TrJ  Amu*, 
1863-  length   of  link    lGin..   thl 

Feeimno  Ai tuiun.- Two  medium  si/. -d  Qlflhrd'i  Inji   tors  placed  on 
each  side  of  the  fire-box. 

RiorLATOR.— Double-beat  valve  regoktor,  I  n  «>™">  pq 

Convi!  ns..  Rod.    8ft. 8in.  long,  with  -;.    I  I 
cross  head  pins,  j.m.  diamel    ■       -  ;  '"•  ,,m" 

meter  k  4iin.  1  . 

frame.-    Single  insJ  I 

driving  fork,  and   lin. 


Wheels  and  Ames. — Wheels, si\  in  number,  of  solid  »  I  .  driv- 

ing wheels,  7ft.  Gin.  diameter ;  leading  and  trailing  wheels,   If!    7     ;i.  dia- 
meter; tyres,  5in.  wide  x  2i'tn.  thick  ;  driving  axles,  7in.  diameter        ' 
long  in  bearings,  and  61  in.  diameter  in  ling  and  trailing  axles, 

6in.  diameter   x  9Jin.  long  in  journals,  and  .'>  in.  diameter  in 

Wheel  Rase. — Between  leading  and  driving  wh  •:.;  between 

driving  and  trading  wheels,  7ft.  llin   ;  tot  d,  loll.  Gin. 

Sprixos. — Leading  springs,  2ft.  sin.  span,  made  of  1  '  •  thick 

by  liin.  wide;  driving  springs, 3ft. span,  made        -  -.  ;  in.  thiol, 

wide;  trailing  springs  made   of  two  volute-.,  on  ••  I 
5iin.  diameter,  resting  in  wrought   iron   cross  frame,  and  bu-. 
the  foot  plate  by  the  medium  of  this  t'r 

Weicht  oe   Erooi  iv   Woukim.  Oudeu. — On  leading  \> 
s  cwt. ;  on  driving  wheels,  ii  tons  id  cut.;  on  trailing  wheels,  6  tons 

B  cwt.  ;  total,  27  tons  0  cwt. 

Width  of  engine  measured  over  all,  7ft.  Bin. ;  length  of  engine  men* 
sured  overall,  21ft. 

Figs.  Sand  6  represent  an  express  engine  as  supplied  to  the  London, 
Chatham,  and  Dover  Railway  Company,  by  Messrs.  Sharp.  stowsrt  and 

Co.      This  class  of  engines  will  take  a  load  Of  2i  IrOSjdakthsj 

rate  of   |£  miles  per  hour.     Their  main   dimensions  and  1< 
as  follows: — 

Bona  llAititEi.. — 10ft. Gin.  long  •  3ft.  lOin. diamel 
tingle  rivetted  :  distance  from  centre  of  hairs]  ko  rails, 
102  Siiei.i  6ft.  long   •     lit.  wld  crown 

projecting  Glin.  above  the  top  of  the  barrel]  mounted  with  ti 
3Jin.  sal  down  with 

1'iki  -BOX.— 6ft.  ■'■.'"■  I   "- 

and  2ft.  9|in.  at  back.  I  ritudlnal  m 

made  of    gin.  copper  pis  pting  theti  -thici. 

in. \  us..  Bi  hi  ic*     IBlbn 

:   lire-box,    =     10 
Al:l  \    OB    PrPJ    I  -  ,",r*  *xxA  ,r ' 

at  an  angle,  with  the  objoct  of  pr.  . 

Skokb-box.— 2ft.  3in.  km] 

Cm..  Ift.8ux.hli 

the  rails. 

somewhat   similar  to    I 

wi  1.  ;    ■  rfde  ;   lap 

dianv  ■ 

n    .   IG 
i:      ,51      lo 

■ 

nun  .n  borisootsJ  •  -'.seed  Inside 

imohu 

FuaMI         I  m  I  outside  plal 

thick  ;   inside  I 

■ 
•tin.  til 

Wiu.si.  Basb.— Beta  <-tw»s*i 

I 

Ift.  span  :  Imil 
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TABLE    SHOWING    THE    QUANTITY  OF    HYPOCHLORITE    OF    LIME    OR    BLEACHING   POWDER    REQC1UEI) 

TO   PRODUCE    SOLUTIONS   OF  DIFFERENT  DEXSITl 

COMPILED   Br 

li&  X.  W.  KBATEfi 

The  following  Table  shows  the  approximate  quantity  cf  Hypochlorite  of  Lime  or  Clenching  Powder  per  cent.  «  hi  11.,.,  Ac,  per  callon.  require,!  t,. 
make  a  clear  bleaching  li.juid  of  a  given  strength. 

The  numbers  in  the  two  first  columns  are  the  mean  of  a  great  many  actual  weighings  made  upon  the  clear  solution  after  the  insoluble  matter  had 
completely  subsided. 

The  numbers  in  the  fifth  column  are  obtained  upon  the  assumption  that  33-3  per  cent,  of  chlorine  rep.-  vabu  of  - 

bleaching  powder. 


Bleaching  Powder  per 

Specific  Gravity  of  the 

Equivalent  in  De- 

Bleaching Powder 

1 

Cent,  by  Weight 

Solution. 

grees  of  Twaddel. 

per  Gallon. 

lbs.        oz.      drai-. 

20-0 

1114*0 

1 

C66 

19o 

lllll 



11 

'   ' 

111 

91*8 

1        14 

18-5 

1106*4 

21*0 

1          8 

• 

18-0 

1109-8 

0         0 

17 -J 

1099-7 

199 

1        11        11 

170 

1096*9 

193 

1        13        15 

6-66 

165 

1094*0 

188 

1       U       19 

160 

1001*9 

181 

1        19         0 

633 

15'5 

10- 

17*8 

1        11 

15-0 

1"*V.-, 

171 

1        10          1 

1 1..', 

1082 

1 

140 

-  rfl 

1          8          6 

1.;.-, 

-••li 

1                      8 

130 

10741 

1 

12-6 

i  ma 

14*9 

1                         7 

12-D 

10  -  ; 

1 

115 

131 

1 

11-0 

1089-7 

l         I       18 

10-6 

-••8 

11*9 

1         l 

100 

11*4 

1         i .       )  . 

(41 

10*8 

1         •>         l 

90 

1051*8 

1    I 

8o 

L04J  i 

96 

i'       11 

1041 

©        13          4 

9*88 

7  '•) 

1041 : 

II        18 

TO 

0       11 

Co 

1087*0 

: 

11          0 

61 

■  ■ 

62 

0 

60 

1028* 

■ 

h          :i 

!  .  • 

1  5 

i            7           7 

In 

46 

<                '                SI 

138 

1"! 

39 

0 

1017*1 

it 

101  1 

21 

0          l 

•j.i 

Mill 

21 

*fM 

1  I 

1  0 

1008*7 

11 

1 

1/33 
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TABLE   FOR   FINDING   THE   DIAMETERS   OF   SHAFTS    OF 
WROUGHT   IRON. 

{Illustrated  by  Mate  No.  248.) 

The  want  felt  in  the  drawing  offices  of  engineers  and  machinists,  of  a 
ready  means  of  determining  the  diameter  of  shafts  suitahle  for  transmitting 
a  given  power,  has  often  heen  stated  to  us ;  and  having  been  recently  re- 
quested to  furnish  information  on  this  subject  to  several  correspondents, 
we  have  much  pleasure  in  being  able  to  present  our  subscribers  with 
the  accompanying  table,  which  has  been  obligingly  furnished  to  us  by 
Mr.  W.  Jackson,  of  the  firm  of  Jackson  and  Watkins,  of  the  Canal  Iron 
Works,  Millwall. 

This  table  exhibits  a  set  of  curves  giving  the  diameter  of  shafts,  in 
inches,  for  engines  of  from  10  to  500  horse-power,  the  revolutions  varying 
from  20  to  150.     This  table  was  computed  from  the  formula — 


D  = 


i/l 


320  H.  P. 


D  being  the  diameter  of  the  shaft, 

H.F.  the  horse-power, 

n  the  number  of  revolutions  per  minute. 

Example. — Required,  the  diameter  for  the  driving  shaft  of  an  engine  of 
260  horse-power,  making  30  revolutions  per  minute.  By  the  table,  D  =  14in. 
Intermediate  powers  or  speeds  may  be  ascertained  by  interpolation,  for 
example,  250  H.P.  at  30  revolutions  =  13-8  in. ;  or  260  H.P.  at  32  revolu- 
tions =  13'8in. 


INTERNATIONAL  EXHIBITION,   18G2. 

Heport  by  the  Committee  appointed  at  a  General  Meeting  (held  <m  the  \&tli  day 
of  June,  1863J  of  the  Medal-holders  and  Gentlemen  interested  in  the  awards 
of  the  International  Exhibition,  1862,  Alderman  Copeland,  M.P.,  Chairman. 

A  meeting  of  gentlemen  to  whom  prize  medals  and  certificates  of  honourable 
mention  were  awarded  by  the  Commissioners  of  the  Exhibition  of  18(52,  was 
held  at  the  rooms  of  the  Society  of  Arts  (by  the  kind  permission  of  the  Council 
of  that  body),  on  the  18th  of  June  last ;  when  a  committee  was  appointed  for 
the  purpose  of  obtaining  protection  for  the  prize  medallists  against  the  un- 
authorised assumption  of  the  medals  and  honourable  mentions  by  persons  to 
whom  they  had  not  been  granted. 

The  meeting  was  called  in  consequence  of  a  recent  case,  in  which  an  applica- 
tion was  made  to  the  Court  of  Chancery  for  an  injunction  to  restrain  the  piracy 
of  the  prize  medals  by  a  manufacturer  who  had  not  obtained  any  prize  medal, 
nor  exhibited  at  the  Exhibition,  but  which  application  had  failed,  the  Vice- 
Chancellor  having  decided  that,  in  the  existing  law,  the  grant  of  a  prize  medal 
to  one  manufacturer  or  exhibitor  created  no  right  on  his  part  to  restrain  any 
statement  (fraudulent  or  otherwise)  by  another  manufacturer  of  a  similar  article, 
to  the  effect  that  he  had  obtained  a  medal. 

Your  committee,  after  conferring  with  some  members  of  the  Society  of  Arts, 
obtained  the  necessary  professional  assistance,  and  caused  a  bill  to  be  prepared, 
for  the  purpose  of  giving  effect  to  the  views  of  the  meeting  by  whom  they  were 
appointed.  This  bill  was  drawn  with  the  utmost  possible  care,  with  the  assist- 
ance of  gentlemen  who  had  been  professionally  connected  with  the  "  Merchandise 
Marks  Act"  of  last  year,  and  was  settled  bjr  two  counsel  who  have  made  the 
Trade  Marks  and  Copyright  Acts  a  special  study,  and  who  are  the  authors  of  the 
most  recent  legal  works  on  those  subjects ;  and  was  afterwards  submitted  for  the 
consideration  and  correction  of  a  learned  judge,  who  most  kindly  afforded  to 
your  committee  the  benefit  of  his  great  experience. 

The  Draft  Bill  so  prepared  was  laid  before  the  President  of  the  Board  of 
Trade,  who,  while  expressing  his  desire  to  assist  in  promoting  the  object  in  view, 
hesitated  to  introduce  any  measure  of  the  description  contemplated,  into  the 
House  of  Commons,  at  so  late  a  period  of  the  Session. 

It  became  necessary  to  apply  to  the  Earl  Granville  for  aid  in  this  difficulty. 
Some  discussion  took  place,  and  very  earnest  representations  were  made  to  his 
lordship  of  the  great  importance  of  the  question  involved,  and  the  absolute 
necessity,  if  any  benefit  at  all  were  to  be  derived  from  any  legislative  enact- 
ment, that  the  requisite  measure  should  be  passed  in  the  Session  which  has  just 
terminated.  Earl  Granville  received  the  representatives  of  your  body  with  the 
utmost  kinduess  and  urbanity,  and  expressed  his  desire  to  assist  the  committee 
in  the  objects  they  had  in  view  ;  but,  after  consultation  with  some  other  members 
of  the  Government,  a  doubt  was  expressed  whether  the  bill,  as  prepared  by  your 
committee,  was  not  likely  to  lead  to  a  too  lengthened  discussion  for  so  late  a 
period  of  the  Session. 

The  result  was  that  a  gentleman,  ollicially  connected  with  one  of  the  depart- 
ments of  the  Government,  was  instructed  to  prepare  a  short  Government  Bill, 
in  lieu  of  that  prepared  by  your  committee,  who  were  however  consulted,  and 
through  their  legal  advisers  made  various  suggestions  on  that  bill,  as  at  first 
framed.  Some  of  these  were  adopted  ;  as  respects  others,  your  committee  were 
less  fortunate. 


The  measure  as  introduced  may  have  been  deemed  imperfect,  but  it  was  appa- 
rent that  your  committee's  clearest  possible  duty  was  to  aid,  by  every  means  in 
their  power,  the  passing  of  that  measure,  even  if  needing  afaendment  in  a  future 
Session,  rather  than  allow  Parliament  to  dissolve  and  the  recsss  to  pass,  without 
any  legislative  enactment  being  obtained,  the  result  of  which  would  have  been 
that,  before  Parliament  re-assembled,  the  continued  piracies  of  Exhibition  awards 
would  have  deprived  them  of  value,  in  the  hands  of  the  real  holders. 

The  measure  so  introduced  has,  with  some  trifling  alterations,  become  law. 
Your  committee  feel  confident  that  the  evils  complained  of  will  be  thereby 
checked,  and  that  the  holders  of  the  awards  have  the  strongest  grounds  for  con- 
gratulation. 

The  measure  was  introduced,  and  read  a  first  time,  on  the  20th  July  ;  read  a. 
second  time,  and  committee  dispensed  with,  on  the  21st ;  amended,  read  a  third 
time,  and  passed  in  the  Lords  ;  reprinted  and  introduced  in  the  Commons,  and 
read  a  first  time  there,  on  the  23rd  ;  read  a  second  time,  passed  through  Com- 
mittee, and  reported,  on  the  24th  ;  read  a  third  time  and  passed,  after  a  long- 
debate,  on  the  27th  ;  and  received  the  Royal  assent  on  the  28th,  under  the  title, 
"The  Exhibitions  Medals  Act,  1863." 

This  result  was  only  arrived  at  by  dint  of  very  great  exertion  on  the  part  of 
those  who  took  any  active  part,  either  in  the  proceedings  of  the  committee  or 
the  carriage  of  the  measure. 

The  Marquis  of  Clanricarde  kindly  undertook,  at  the  shortest  possible  notice, 
to  take  charge  of  the  bill  in  the  House  of  Lords  ;  and  by  his  clear  and  admirable 
statement  of  the  objects  and  necessity  for  the  measure,  secured  its  unanimous 
adoption  by  that  House. 

A  very  large  number  of  members,  on  both  sides  of  the  House  of  Commons, 
gave  their  aid  towards  the  passing  of  the  measure,  and  the  thanks  of  the  medal- 
holders  are  most  justly  their  due.  It  is  difficult  to  distinguish  where  so  many 
are  entitled  to  acknowledgments,  but  it  will  probably  be  felt  by  all,  that  the 
President  of  the  Board  of  Trade,  who  took  charge  of  the  measure  in  the  House 
of  Commons,  has  added  another  to  the  many  grounds  on  which  he  was  already 
entitled  to  the  thanks  of  the  mercantile  community. 

Your  committee  applied  to,  and  obtained  the  aid  of,  "  The  Mercantile  Law 
Amendment  Society,"  and  through  them  the  concurrence  of  the  various  Chambers 
of  Commerce  in  the  kingdom,  and  it  is  in  a  main  degree  to  the  great  influence 
and  established  position  of  utility  of  the  Mercantile  Law  Amendment  Society 
that  the  success  attained  may  be  attributed. 

It  cannot  but  be  felt  that  every  medal-holder  will  derive  benefit  from  the  act 
that  has  been  obtained ;  and  that  the  commercial  value  of  the  awards  of  the 
Commissioners  of  the  Exhibitions  of  1851  and  1862,  both  at  home  and  abroad, 
has  been  greatly  enhanced  by  the  legislative  protection  secured. 

Of  course  the  obtaining  of  an  important  act  (especially  when  carried  through 
the  Legislature  with  such  unexampled  speed  as  in  the  present  case)  must  be 
attended  with  considerable  expense.  It  was  necessary,  to  attain  success,  that  in- 
dividual members  of  the  committee  should  take  upon  themselves  not  only  more 
than  their  proportion  of  the  labour,  but  the  whole  responsibility  for  the  expenses- 
incurred;  and  your  committee  confidently  rely  on  those  who  have  received 
awards  for  subscriptions  to  defray  the  cost  thus  incurred  in  their  service. 

It  is  not  proposed  that  the  foreign  exhibitors  should  be  asked  to  contribute  at 
all.  It  is  to  the  defect  of  the  English  law,  as  it  existed  at  the  time  the  Exhibi- 
tions were  held,  that  the  evils  complained  of  have  been  attributable.  This  is  a 
circumstance  as  to  which  the  English  exhibitors  might  have  informed  themselves, 
but  for  which  the  foreign  exhibitors  must  have  been  wholly  unprepared ;  and 
they  cannot  properly  be  asked  to  aid  towards  the  necessary  amendment  of  a  law 
to  which  they  are  strangers. 

A  large  number  of  the  medal-holders  have  expressed  their  strong  feeling  of 
the  importance  of  the  present  committee  continuing  organised  for  a  time,  to- 
protect  the  interests  of  their  fellow-medallists,  and  probably  to  promote  an 
Amendment  Act  in  the  coining  Session,  or  to  watch  the  Amendment  Bill  which 
the  President  of  the  Board  of  Trade  has  promised  to  introduce.  Your  committee 
are  unwilling  to  abandon  the  cause  which  they  have  once  embraced,  and  have* 
consented  to  continue  their  functions. 

Your  committee  would  request  information  of  every  case  that  may  come  to* 
the  knowledge  of  any  medal-holder,  in  which  any  person  falsely  represents  that 
he  has  obtained  either  a  medal  or  honourable  mention ;  and  any  suggestion  as  to 
measures  to  be  adopted  towards  giving  effect  to  the  act  already  obtained,  and 
stopping  the  fraudulent  dealings  to  which  it  is  intended  to  apply. 

Except  in  so  far  as  any  such  further  proceedings  may  be  concerned,  your  com- 
mittee's task  has  been  performed.  They  have  obtained  the  legislative  protection 
which  they  were  desired  to  seek  ;  and  they  trust  it  will  be  felt  by  the  whole  of 
those  whose  interests  were  confided  to  their  care,  not  alone  that  every  exertion' 
has  been  used  for  obtaining  the  result  desired,  but  that  there  is  every  ground  for 
mutual  congratulations,  between  the  committee  and  their  constituents,  on  the- 
unexampled  rapidity  with  which  this  result  has  been  arrived  at,  and  the  success- 
with  which  their  exertions  on  your  behalf  have  been  crowned. 

(By  order)  Edmusb  Johnson, 

London,  August  15, 1863.  Hon.  Secretary. 

Copt  or  "  The  Exhibition  Medals  Act,"  1863. 

Whereas  it  is  expedient  to  prevent  false  representations  with  respect  to  grants- 
of  medals  and  certificates  by  the  Commissioners  for  the  Exhibition  of  1851  and 
the  Commissioners  for  the  Exhibition  of  1862 :  Be  it  enacted  by  the  Queen's 
most  Excellent  Majesty,  by  and  with  the  advice  and  consent  of  the  lords  spiritual 
and  temporal,  and  Commons,  in  this-  present  Parliament  assembled,  and  by  the 
authority  of  the  same,  as  follows : — 

I.  If  any  trader  commits  any  of  the  offences  following,  that  is  to  say, — 
1.  Falsely  represents  that  he  has  obtained  a  medal  or  certificate  from  the 
Exhibition  Commissioners  in  respect  of  any  article  or  process  for  which  a 
medal  or  certificate  has  been  awarded  by  the  Commissioners;  2.  Falsely 
represents  (knowing  such  representation  to  be  false)  that  any  other  trader  has 
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obtained  a  medal  or  certificate  from  the  Exhibition  Commissioners  ;  3.  Falsely 
represents  (knowing  such  representation  to  be  false)  that  any  article  sold  or 
exposed  for  sale  has  been  made  by,  or  by  any  process  invented  by,  a  person  who 
has  obtained  in  respect  of  such  article  or  process  a  medal  or  certificate  from  the 
Exhibition  Commissioners,  he  shall  incur  the  following  penalties  ;  that  is  to  say, 
1.  For  the  first  offence  he  shall  forfeit  to  her  Majesty  a  sum  not  exceeding  five 
pounds.  2.  For  any  subsequent  offence  he  shall  forfeit  to  her  Majesty  a  sum 
not  exceeding  twenty  pounds,  or  be  imprisoned  for  a  period  not  exceeding  six 
months. 

II.  In  proceedings  under  this  Act  it  shall  not  be  necessary  to  prove  that  any 
person  has  sustained  damage  by  the  false  representations  of  the  defendant.  It 
6hall  not  be  necessary  in  any  proceedings  under  this  Act  to  set  out  any  copy  or 
fac-simile  of  any  medal  or  certificate. 

III.  For  the  purposes  of  this  Act,  "  the  Exhibition  Commissioners"  shall  mean 
the  Commissioners  for  the  Exhibition  of  1851  and  the  Commissioners  for  tin- 
Exhibition  of  1802.  The  term  "  defendant"'  shall  mean  any  person  against  whom 
proceedings  may  be  taken  under  this  Act. 

IV.  Offences  under  this  Act  may  be  prosecuted  summarily  in  England  and 
Ireland  before  two  justices ;  as  to  England,  in  manner  directed  by  an  Act 
passed  in  the  session  holden  in  the  eleventh  and  twelfth  years  of  the  reign  of 
her  Majesty  Queen  Victoria,  c.  43,  intituled  "An  Act  to  facilitate  the  Per- 
formance of  the  Duties  of  Justices  of  the  Peace  out  of  Sessions  within  England 
and  Wales  with  respect  to  summary  Convictions  and  Orders,  or  nay  Act  amending 
the  same;  as  to  Ireland,  in  manner  directed  by  the  Act  passed  in  the  Bassiop 
holden  in  the  fourteenth  and  fifteenth  years  of  the  reign  of  her  Majesty  Queen 
Victoria,  intituled  "  An  Act  to  Consolidate  and  amend  the  Acts  regulating  the 
Proceedings  in  Petty  Sessions  and  the  Duties  of  Justices  of  the  Peace  out  of 
Quarter  Sessions  in  Ireland,  or  any  Act  amending  the  same.  In  Scotland,  an 
offence  against  this  Act  may  he  prosecuted  summarily  at  the  instance  of  the 
Procurator  Fiscal  before  any  sheriff  and  sheriff  substitute,  or  before  any  two 
justices  of  the  county,  or  before  the  magistrates  or  any  police  magistrate  of  the 
burgh  in  which  the  offence  was  committed. 

V.  Xo  provision  of  this  Act  shall  take  away,  diminish,  or  prejudicially  affect 
any  suit,  process,  proceeding,  right,  or  remedy  which  any  person  may  he  entitled 
to  at  law,  in  equity,  or  otherwise;  nor  exempt  or  excuse  any  person  from 
answering  or  makiug  discovery  upon  examination  as  a  witness,  or  upon  interro- 
gatories or  otherwise,  in  any  suit  or  other  civil  proceeding  :  Provided  always,  that 
no  evidence,  statement,  or  discovery,  which  any  person  skill  he  compelled  to 
give  or  make  shall  be  admissible  in  evidence  against  such  person  in  support  nt 
any  indictment  for  a  misdemeanour  at  common  law  or  otherwise,  or  oi  any  pro- 
ceeding under  the  provisions  of  this  Act. 

VI.  This  Act  may  be  cited  for  all  purposes  as  "the  Exhibition  Medals  Act, 
1803." 
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TRIAL   OF  THE  - CON8TANCE." 

In  The  Artizan  of  last  month  we  gave  some  further  particulars  as  to 
the  dimensions  of  this  vessel  Mid  her  machinery,  as  also  a  notice  of  a  trial 
trip  which  she  made  on  the  Gth  July,  when  it  will  be  remembered 
from  the  overheating  of  the  bearings,  the  remit  was  nol  very  satisfactory. 
Since  that  time  the  necessary  adjustments  and  alterations  having  been 
made,  the  Constance  went  out  again  on  trial  on  the  10th  ult.  The  chief 
particulars   of  her   performance  under  trial    are  as   follows  :— Draught   of 

water,    forward,    17ft.   I'm.;  aft,    20ft.   lOin.j    propeller,  dil ter    I8ft.j 

pitch,  25ft.  j  upper  edge  I'm.  out  of  water.  Steam  in  boilers,  82'61bs.  per 
square  inch;  mean  pressure  in  high  pressure  cylinders,  19  54  ;  ditto  in  low 
pressure  cylinders,  3-96 ;  indicated  horse-power,  2017j  mean  pressure  al 
half-boiler  power  in  high  pressure  cylinders,  1 1-958 ;  in  low  preasore 
cylinders,  2ol;  indicated  horse-power,  1190.  Vacuum  in  OOndeiUeTB, 
28in.;  barometer,  30.2 ;  maximum  temperature  In  itoke-hole,  104  ;  mini- 
mum in  ditto,  86  j  maximum  temperature  in  engine-room,  74  ;  minimum 
in  ditto,  72    ;  temperature  on  deck,  68°. 
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It  will   be  seen   from    llMM  partirnl-m   that  the    |                         mm), 

more  satisfactory  than  th                   I  on  th*  pn  il,  and  doul 

still  better  results  v. ay  be  expected  when  the  vm.  machinery 
have  been  brought  into  proper  (forking  1 1 


The  annual  meeting  of  the  Iiritish  Association  commenced  at  Xewcastle- 
on-Tvne  on  the  26th  ult.  The  following  is  an  abstract  of  the  address  of 
the  President : — 

The  President,  Sir    William  Armstrong,  in  opening  his  addrc- 
that  lie  deemed  it  the  greatest  honour  of  his  lira  that  be  wus  called  upon 
to  assume  the  office  of  President,  and  adverted  to  the  gratifying  reception 
which  the  British  Association  had  met  with  on  tluir  former  sjaJl  to  this 
region  of  mining  and  manufacturing    industry.     A    quarter  of  B    century 
had  elapsed  since  the  Association  assembled  in  this  town,  and  in  DO  rbnassT 
period  of  equal  duration   had  so  jrre.it  a   piOgTCaa  Wen  made  in   physical 
knowledge.     In  mechanical  science,   and  especially   in  those  branches  of  it 
which  are  concerned  in  the  application  of  steam  power  to  effect  interchsti 
between  distant  communities,  the  progress  made  since  1838 has  no  parallel 
in  history.     The  railway  system   was  then   in    its  infmc\.    and  Uh    great 
problem  of  Transatlantic  steam  navigation  had  only  received  it- 1 
solution  in  the  preceding  year.     Since  that  time  railways  ban  1  to- 

every  continent,  and  steamships  have  corned  the  ocean.    The! 
railways  shows  what  grand  results   may  have  their   origin  in  small  b._ 
nings.      When  coal  was  Brat   conveyed  in  this  neighbourhood  from  the  pit 
to  the  shipping-place  on  the  Tyne,  the  pack-none  araa  in  pan.    As  soon  as 
roads  suitable  for  wheeled  carriages  were  famed  carta  w,r.    In) 
The  next  improvement  consisted  in  laving  wooden  bars  or  rail-  lor  tin- 
wheels  of  the  cart  to  run  upon,  and  thi-  wai  followed  bj    I  tloo 
of  the  four-wheeled  waggon    for  the    two-wheeled  cart,     liv    this  furl 
application  of  mechanical    principles   the    original    hoi-  was 
augmented  to    I2cwt.     The  next  step  in   the  progiw                             •  the 
attachment  of  slips  of  iron   to   the  wooden   rails.     Then   came  the    iron 
tramways,    consisting    of  cast-iron  ban    Of  an    aiuruhir    MVtioii  ;    in    this 
arrangement  the  upright  flange  of  the  bar  ictedaaa  gnidi  the 
wheel  on  the  track.    The  next  advance  was  an  Important  one,  and 
sisted  in  transferring  the  guiding  flange  from  the  nil  to  the  wl 
improvement  enabled  cast-iron  edge  rails   to  be  used.     Finally,  in   lv 
after  a  lapse  of  about  200  yean  from  the  iir»t   employment 

bars,   wrought  ii on    rails,  rolled    in  long   lengths,   and  of  suitiih'. 

were  made  in  this  neighbourhood,  and  eventual!)    -up.-r-e.led  all  other 
formi  of  nilway.     Last  of  all  cam  ■  the  locomotive  angina,  thai 

achievement  of  mechanical  science,  which  cliaUe-   01    ' 

200  tui-  al  o  cost  of  fuel  scarcely  exceeding  thai  of  aba  i  •  bay 

which  the  original  packhorse  consumed  in  conveying  Its  load 

equal  distance.     It  was  chiefly  in  thia  locality  that  th.  waa 

thus  reared  from  earliest  infancy  tofull  maturity,  and  am  uuee 

associated  with  its  growth  that 

As  in  the  vegetable  kingdom  lit  condl  landcllmaU  «uaa 

the  appearance  of  suitable  plants,  -■  in  the  intellectual  v. 

time  and  circumstances  promptlj  i  dli  forth  appropriate  devl  -.-oda- 

Of  invention  e\i-t,   as   it    were,   in   the  air,    Wad)    t  ■    germ.  .ever 

suitable  conditions  arise,  snd  n  •  legislative  inlerl 

their  growth  in  p roi.ei-  Ml The  coalfields  of  this  d 

connected  with  tho  railway  system,  both  in  i-« 
will  doubtless  r<  i  eive  much  attention  from  I 
meeting.    After  dwelling  a\  m  the  origin  of  the  coal  darn 
dent  stated  thai  the  quantity  oi  thai 
stored  up  throughout  the  globe  I 
greatly),  to  serve  tba  purpose*  of  tba  human  w 
h,  i.o  I.  tin    .  nt  Ii.-  quantity  of  coal  iusj 

cally  Inexhaustible.     Bel i 

time  which  would  he  required  to  i  rod  ia    eompl 

■  :1,1c  eoi.l  in  the    1 

oordanti  bul  the  discrepancies  »ri«\  n«>t  fi   ■'■  ••'■>  »'■; 

tl raOabls  q  ■ntltj  il   from  t noras 

the  rale  of  consult     lion  al  the  v«rion»dut<  •  *hrn 

und  also  from  the  li.tiei.nt  vli  ws  which  h... 

probable  Increa t  consumption  In  futon  years,     rh 

v,:,rl>  worked   Irom  lint  i.ti  uiiiie.  In.  In-rn   sine    ' 

L'l  v.'..'  .  mid  has  probablj  iiu  h  l,0<" 

tl,,.',  turj  ;  bul as  this   Incmw  !>■•  I  •• 

i,,„l  .'...ii  snd  railwa)  lrait.it.  slid  ui 

oondltiom  of  manufacturing  devriorm.ei  '"»• 

that  it  will  continue  to  advance  with    e,|.i..l   r»pidil> 

known  thickness  ol  the  i  irioui  w»rl  ■».  ■»<!  • 

theme;,  ol    the  -ml....    under   Wl  •     »" 

rstlmaU  of  the  total  qoautHj  eomprh  r  eoal-Uerine;  strata.     At- 

taining WOOft,  as  tin  gn  it«t  depth  »t  »hl«-h  it   «.H 

.  ,,,  mining  operatlona.  and  dl   •-• <  to"   lbs 

thlcknaas    the  en  tin  quantity   of  available  coal  »ii»l  mus 

has  been  ealculab  mnt  to  ah  •  "l 

Id   be   r»h«.i.tcl    il.    MO 
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with  a  continued  yearly  increase  of  2J  millions  of  tons,  would  only  last  212 
years.  It  is  clear  that  long  before  complete  exhaustion  takes  place 
England  will  have  ceased  to  be  a  coal-producing  country  on  an  extensive 
scale.  The  c;uestion  is,  not  how  long  our  coal  will  endure  before  absolute 
exhaustion  is  effected,  but  how  long  will  those  particular  coal-seams  last 
which  yield  coal  of  a  quality  and  at  a  price  to  enable  this  country  to 
maintain  her  present  supremacy  iu  manufacturing  industry.  Were  we 
reaping  the  full  advantage  of  all  the  coal  we  burnt  no  objection,  could  be 
mads  to  the  largeness  of  the  quantity  ;  but  we  are  using  it  wastefully  and 
extravagantly  in  all  its  applications.  It  is  probable  that  fully  one-fourth 
of  the  entire  quantity  of  coal  raised  from  our  mines  is  used  in  the  pro- 
duction of  heat  for  motive  power ;  but,  much  as  we  are  in  the  habit  of 
admiring  the  powers  of  the  steam-engine,  our  present  knowledge  of  the 
mechanical  energy  of  heat  shows  that  we  realise  in  that  engine  only  a 
small  part  of  the  thermic  effect  of  the  fuel.  That  a  pound  of  coal  should, 
in  our  best  engines,  produce  an  effect  equal  to  raising  a  weight  of  a  mil- 
lion pounds  a  foot  high  is  a  result  which  bears  the  character  of  the, 
marvellous,  and  seems  to  defy  all  further  improvement.  Yet  the  investi- 
gations of  recent  years  have  demonstrated  the  fact  that  the  mechanical 
energy  resident  in  a  pound  of  coal,  and  liberated  by  its  combustion,  is 
capable  of  raising  to  the  same  height  ten  times  that  weight.  The  average 
quantity  of  coal  which  we  expend  in  realising  a  given  effect,  by  means  of 
the  steam-engine,  is  about  30  times  greater  than  would  be  requisite  with 
an  absolutely  perfect  heat-engine.  The  causes  which  render  the  applica- 
tion of  heat  so  un-economic  in  the  steam-engine  have  been  brought  to 
light  by  the  discovery  of  the  dynamical  theory  of  heat ;  and  it  now  re- 
mains for  mechanicians,  guided  by  the  light  they  have  thus  received,  to 
devise  improved  practical  methods  of  converting  the  heat  of  combustion 
into  available  power.  Engines  in  which  the  motive  power  is  excited  by 
the  communication  of  heat  to  fluids  already  existing  in  the  aeriform  con- 
dition, as  in  those  of  Stirling,  Ericsson,  and  Siemens,  promise  to  afford 
results  greatly  superior  to  those  obtained  from  the  steam-engine.  It  is  a 
common  observation  that  before  coal  is  exhausted  some  other  motive  agent 
will  be  discovered  to  take  its  place,  and  electricity  is  generally  cited  as 
the  coming  power.  Electricity,  like  heat,  may  be  converted  into  motion, 
and  both  theory  and  practice  have  demonstrated  that  its  mechanical 
application  does  not  involve  so  much  waste  of  power  as  takes  place  in  a 
steam-engine ;  but,  whether  we  use  heat  or  electricity  as  a  motive  power, 
we  must  equally  depend  upon  chymical  affinity  as  the  source  of  supply. 
The  act  of  uniting  to  form  a  chymical  product  liberates  an  energy  which 
assumes  the  form  of  heat  or  electricity,  from  either  of  which  states  it  is 
convertible  into  mechanical  effect.  In  contemplating,  therefore,  the  ap- 
plication of  electricity  as  a  motive  power  we  must  bear  iu  mind  that  we 
shall  still  require  to  effect  chymical  combinations,  and  in  so  doing  to  con- 
sume materials.  But  where  are  we  to  find  materials  so  economical  for  this 
purpose  as  the  coal  we  derive  from  the  earth,  and  the  oxygen  we  obtain 
from  the  air  ?  The  latter  costs  absolutely  nothing ;  and  every  pound  of 
coal  which  in  the  act  of  combustion  enters  into  chymical  combustion  ren- 
ders more  than  2Jlb.  of  oxygen  available  for  power.  We  cannot  look  to 
water  as  a  practicable  source  of  oxygen,  for  there  it  exists  in  the  com- 
bined state,  requiring  expenditure  of  chymical  energy  for  its  separation  of 
hydrogen.  It  is  in  the  atmosphere  alone  that  it  can  be  found  in 
that  free  state  in  which  we  require  it,  and  there  does  not  appear  to  be 
the  remotest  chance,  in  an  economic  point  of  view,  of  being  able  to  dispense 
with  the  oxygen  of  the  air  as  a  source  either  of  thermodynamic  or 
electrodynamic  effect.  But  to  use  this  oxygen  we  must  consume 
some  oxidisable  substance,  and  coal  is  the  cheapest  we  can  produce. 
The  President,  in  respect  to  the  use  of  falling  water  as  a  motive  power, 
stated  that  the  hydraulic  capabilities  of  our  streams  sank  into  insignificance 
when  compared  with  those  of  Alpine  an£  other  regions, — referred  to 
Niagara,  which  expends  sufficient  power  to  carry  on  the  whole  manufacturing 
operations  of  mankind,*— and  stated  that  industrial  populations  had 
scarcely  yet  extended  to  those  regions  which  afford  this  profusion  of 
motive  power ;  but  we  may  anticipate  the  time  when  these  natural  falls 
will  be  brought  into  useful  operation.  He  stated  that  coal  is  also  exten- 
sively used  for  the  kindred  purpose  of  relaxing  those  cohesive  forces  which 
resist  our  efforts  to  give  new  iorms  and  conditions  to  solid  substances.  In 
these  applications,  which  are  generally  of  a  metallurgical  nature,  the 
same  wasteful  expenditure  of  fuel  is  everywhere  observable.  In  an 
ordinary  furnace  employed  to  fuse  or  soften  any  solid  substance,  it  is  the 
excess  of  the  heat  of  combustion  over  that  of  the  body  heated  which  alone 
is  rendered  available  for  the  purpose  intended;  the  rest  of  the  heat, 
which  in  many  instances  constitutes  by  far  the  greater  proportion  of  the 
whole,  is  allowed  to  escape  uselessly  into  the  chimney.  The  combustion 
also  in  common  furnaces  is  so  imperfect  that  clouds  of  powdered  carbon, 
in.  the  form  of  smoke,  envelope  our  manufacturing  towns,  and  gases,  which 
ought  to  be  completely  oxygenized  in  the  fire,  pass  into  the  air  with  two- 
thirds  of  their  heating  power  undeveloped.  Some  remedy  for  this  state 
of  things  we  may  hope  is  at  hand  in  the  gas  regenerating  furnaces  recently 
intraduced  by  Mr.  Siemens.     With  regard  to  smoke,  which  is  at  once  a 


waste  and  a  nuisance,  the  President  stated  that  he  had  taken  part 
with  Dr.  Richardson  and  Mr.  Longridge  in  a  series  of  experiments 
made  in  this  neighbourhood  in  the  years  1857-58  for  the  purpose 
of  testing  the  practicability  of  preventing  smoke  in  the  combustion 
of  bituminous  coal  in  steam-engine  boilers,  and  stated  with  perfect 
confidence  that,  so  far  as  the  raising  of  steam  is  concerned,  the 
production  of  smoke  is  quite  unnecessary  and.  inexcusable.  After 
adverting  to  the  wastefid  use  of  coal  for  domestic  purposes,  the 
President  spoke  of  the  danger  attending  colliery  operations,  and  was  of 
opinion  that,  though  the  Davy  lamp  was  a  great  boon  to  the  miner,  it  led 
him  into  more  dangerous  workings,  and,  as  far  as  the  miner  was  concerned, 
neutralised  its  effects.  The  only  gleam  of  amelioration,  he  remarked,  is  in 
the  fact  that  the  loss  of  life  in  relation  to  the  quantity  of  coal  worked  is 
on  the  decrease,  taken  as  a  percentage  on  the  number  of  miners  employed. 
The  increase  of  the  earth's  temperature  as  we  descend  below  the  surface 
is  a  subject  which  has  been  discussed  at  previous  meetings  of  the  British 
Association.  It  possesses  great  scientific  interest  as  affecting  the  computed 
thickness  of  the  crust  which  covers  the  molten  mass,  assumed  to  consti- 
tute the  interior  portions  of  the  earth,  and  it  is  also  of  great  practical 
importance,  as  determining  the  depth  at  which  it  would  be  possible  to 
pursue  the  working  of  coal  and  other  minerals.  At  the  last  meeting  of 
the  British  Association  in  this  town  the  importance  of  establishing  an 
office  for  mining  records  was  brought  under  notice  of  the  Council  by  Mr. 
Sopwith,  and  measures  were  taken  which  resulted  in  the  formation  of  the 
present  Mining  Records  Office.  The  British  Association  may  congratulate 
itself  upon  having  thus  been  instrumental  in  establishing  an  office  in  which 
plans  of  abandoned  mines  are  preserved  for  the  information  of  those  who 
at  a  future  period  may  be  disposed  to  incur  the  expense  of  again  bringing 
those  mines  into  operation.  Before  dismissing  this  subject  of  coal  it  may 
be  proper  to  notice  the  recent  discovery  by  Berthelot  of  a  new  form  of 
carburetted  hydrogen  possessing  twice  the  illuminating  power  of  ordinary 
coal-gas.  Berthelot  succeeded  in  procuring  this  gas  by  passing  hydrogen 
between  the  carbon  electrodes  of  a  powerful  battery.  Dr.  Odling  has 
since  shown  that  the  same  gas  may  be  produced  by  mixing  carbonic  oxide 
with  an  equal  volume  of  light  carburetted  hydrogen  and  exposing  the 
mixture  in  a  porcelain  tube  to  an  intense  heat.  Still  more  recently,  Mr. 
Siemens  has  detected  the  same  gas  in  the  highly -heated  regenerators  of 
his  furnaces,  and  there  is  now  every  reason  to  believe  that  the  new  gas  will 
become  practically  available  for  illuminating  purposes.  Of  all  the  results 
which  science  has  produced  within  the  last  few  years,  none  has  been  more 
unexpected  than  that  by  which  we  are  able  to  test  the  materials  of 
which  the  sun  is  made,  and  prove  their  identity,  in  part  at  least, 
with  those  of  our  planet.  The  spectrum  experiments  of  Bunsen  and 
Kirchoff  have  not  only  shown  all  this,  but  they  have  also  corroborated 
previous  conjectures  as  to  the  luminous  envelope  of  the  sun. 
The  President  then  went  into  an  elaborate  elucidation  of  the  theory  of 
the  transmission  of  heat  from  the  sun  to  the  earth,  and  the  dynamical 
theory  of  heat,  referring  to  the  labours  of  Naysmith,  Mayer,  Joule,  Dr. 
Young,  Thompson,  and  Rankine,  and  the  earlier  theorists,  Lord  Bacon 
and  Aristotle.  He  then  referred  to  the  science  of  gunnery,  as  being  inti- 
mately connected  with  the  dynamical  theory  of  heat.  When  gunpowder 
is  exploded  in  a  cannon,  the  immediate  effect  of  the  affinities  by  which 
the  materials  of  the  powder  are  caused  to  enter  into  new  combinations,  is 
to  liberate  a  force  which  first  appears  as  heat,  and  then  takes  the  form  of 
mechanical  power  communicated  in  part  to  the  shot  and  in  part  to  the 
products  of  explosion  which  are  also  propelled  from  the  gun.  The  mecha- 
nical force  of  the  shot  is  reconverted  into  heat  when  the  motion  is  arrested 
by  striking  an  object,  and  this  heat  is  divided  between  the  shot  and  the 
object  struck,  in  the  proportion  of  the  work  done,  or  damage  inflicted  upon 
each.  AVhile  speaking  of  the  subject  of  gunnery,  the  President  paid  a 
passing  tribute  of  praise  to  that  beautiful  instrument  invented  and  per- 
fected by  Major  Navez,  of  the  Belgian  Artillery,  for  determining,  by 
means  of  electro-magnetism,  the  velocity  of  projectiles.  This  instrument 
has  been  of  great  value  in  recent  investigations,  and  there  are  questions 
affecting  projectiles  which  we  can  only  hope  to  solve  by  its  assistance. 
Experiments  are  still  required  to  clear  up  several  apparently  anomalous 
effects  in  gunnery,  and  to  determine  the  conditions  most  conducive  to 
efficiency,  both  as  regards  attack  and  defence.  It  is  gratifying  to  see  our 
Government  acting  in  accordance  with  the  enlightened  principles  of  the 
age,  by  carrying  on  scientific  experiments  to  arrive  at  knowledge,  which, 
in  the  arts  of  war,  as  well  as  of  those  of  peace,  is  proverbially  recognised 
as  the  true  source  of  human  power.  Professor  Tyndall's  recent  discoveries 
respecting  the  absorption  and  radiation  of  heat  by  vapours  and  permanent 
gases,  constitute  important  additions  to  our  knowledge.  The  extreme 
delicacy  of  his  experiments  and  the  remarkable  distinctness  of  their  re- - 
suits  render  them  beautiful  examples  of  physical  research.  They  are  of 
great  value  as  affording  further  illustrations  of  the  vibratory  actions  in 
matter  which  constitute  heat ;  but  it  is  in  connexion  with  the  science  of 
meteorology  that  they  chiefly  command  our  attention.  Few  sciences  have 
more  practical  value  than  meteorology,   and  there  are  few  of  which  we 
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as  yet  know  so  little.  Nothing  would  contribute  more  to  the  saving  of 
life  and  property,  and  to  augmenting  the  general  wealth  of  the  world, 
than  the  ability  to  foresee  with  certainty  impending  changes  of  the 
weather.  At  present  our  means  of  doing  so  are  exceedingly  impeifect, 
but,  such  as  they  are,  they  have  been  employed  with  considerable  effect 
by  Admiral  Fitzroy,  in  warning  mariners  of  the  probable  approach  of 
storms.  We  hope  that  so  good  an  object  will  be  effected  with  more 
unvarying  success  when  we  attain  a  better  knowledge  of  the  causes 
by  which  wind  and  vain,  heat  and  cold  are  determined.  The  balloon 
explorations,  conducted  with  so  much  intrepidity  by  Mr.  Glaisher, 
under  the  auspices  of  the  British  Association,  may  perhaps  in  some  degree 
assist  in  enlightening  us  upon  these  important  subjects.  We  have  learnt 
from  Mr.  Glaisher's  observations  that  the  decrease  of  temperature  with  ele- 
vation does  not  follow  the  law  previously  assumed  of  1  deg.  in  300ft.,  and 
that  in  fact  it  follows  no  definite  law  at  all.  Mr.  Glaisher  appears  also  to 
have  ascertained  the  interesting  fact  that  rain  is  only  precipitated  when 
cloud  exists  in  a  double  layer.  Raindrops,  he  has  found,  diminish  in  size 
with  elevation,  merging  into  wet  mist,  and  ultimately  into  dry  fog.  Mr. 
Glaisher  met  with  snow  for  a  mile  in  thickness  below  rain,  which  is  at 
variance  with  our  preconceived  ideas.  He  has  also  rendered  good  service 
by  testing  the  efficiency  of  various  instruments  at  heights  which  cannot 
be  visited  without  personal  danger.  The  facility  now  given  to  the  trans- 
mission of  intelligence  and  the  interchange  of  thought  is  one  of  the  most 
remarkable  features  of  the  present  age.  Cheap  and  rapid  postage  to  all 
parts  of  the  world ;  paper  and  printing  reduced  to  the  lowest  possible  cost ; 
electric  telegraphs  between  nation  and  nation,  town  and  town,  and  now 
even  (thanks  to  the  beautiful  inventions  of  Professor  Wheatstone),  between 
house  and  house — all  contribute  to  aid  that  commerce  of  ideas  by  which 
wealth  and  knowledge  are  augmented.  But  while  so  much  facility  is  given 
to  mental  communication  by  new  measures  and  new  inventions,  the  funda- 
mental art  of  expressing  thought  by  written  symbols  remains  as  imperfect 
now  as  it  has  been  for  centuries  past.  It  seems  strancre  that  while  we 
actually  possess  a  system  of  shorthand  by  which  words  can  be  recorded  as 
rapidly  as  they  can  be  spoken,  we  should  persist  in  writing  a  slow  and 
laborious  longhand.  It  is  intelligible  that  grown-up  persons  who  have 
acquired  the  present  conventional  art  of  writing  should  be  reluctant  to 
incur  the  labour  of  mastering  a  better  system  ;  but  there  can  be  no  reason 
why  the  rising  veneration  should  not  be  instructed  in  a  method  of  writing 
more  in  accordance  witli  the  activity  of  mind  which  now  prevails.  Even 
without  going  so  far  as  to  adopt  for  ordinary  use  a  complete  system  of 
stenography,  which  it  is  not  easy  to  acquire,  we  might  greatly  abridge  the 
time  and  labour  of  writing  by  the  recognition  of  a  lew  simple  signs  to  ex- 
press the  syllables  which  are  of  most  frequent  occurrence  in  our  language. 
Another  subject  of  a  social  character  which  demands  our  consideration  is 
the  much-debated  question  of  weights  and  measures.  Whatever  difference 
of  opinion  there  may  be  as  to  the  comparative  merits  of  decimal  and 
duodecimal  division,  there  can,  at  nil  events,  be  none  as  to  the  importance 
of  assimilating  the  systems  of  measurement  in  different  countries.  Science 
suffers  by  want  of  uniformity,  because  valuable  observations  made  in  one 
country  are  in  a  great  measure  lost,  to  another  from  the  labour  required  to 
convert  a  series  of  quantities  into  new  denominations.  International 
commerce  is  also  impeded  by  the  same  canse,  which  is  productive  of  con- 
stant inconvenience  and  frequent  mistakes.  The  President  COuld  speak  from 
personal  experience  of  the  superiority  ot  decimal  measurement  in  all 
whcrcacenracy  isrequiredin  mechanical  construction.  In  the  Blswick  Works, 
as  well  as  in  other  large  establishments  of  the  same  description,  the  inch 
is  adopted  as  the  unit,  and  all  fractional  parts  are  expressed  in  decimals. 
Xo  difficulty  has  been  experienced  in  habituating  the  workmen  to  the  use 
of  this  method,  and  it  has  greatly  contributed  to  precision  of  workman- 
ship. The  inch,  however,  is  too  small  a  unit,  and  it  would  he  ad  Van - 
bitute  the  metre,  if  general  concurrence  contd  be  obtained. 
'  our  thennometric  wale,  it  was  originally  I  irror  ;  it  is  also 

most  inconvenient  in  division,  and  ought  at  one.  n  foned  in  favour 

of  the  Centigrade  Bcale.    The  recognition  of  the  metri  and  of  the 

Centigrade  scale  by  the  numerous  men  of  science  composing  the  British 
Association  would  be  a  most  importai  thai    uni- 

versal adoption  of  the  French  standards  in  this  country  which  sooner  or 
later  will  inevitable'  take  place  ;  and  the  Association,  in  its  collective  capa- 
city, mtgbl  take  the    lead   in    this   good  work,    by   excluding   in  future  all 

other  standards  from  their  published  proceedings,     i  every 

of  the  source  of  the  Nile  by  Captains  Speke  and  Qranl  has  solved  ■> 
problem  in  geography  which  has  been  a  subject  of  speculation  from  the 
earliest  ages.  II  is  an  honour  to  England  that  this  intei  -tin-.'  discovery 
has  been  made  by  two  of  her  sons;  and  the  British  Association,  which 
is  accustomed  to  value  every  addition  to  knowledge  for  its  own 
sake,    will     at     onre     appreciate     the     import  the    discovery, 

and  the  courage  and  devotion  by  which  it  has  been  accomplished. 
The  science  of  organic  lit'.-  lias  of  late  yean  been  making  great  and  rapid 
strides,  ami  it  is  gratifying  to  observe  tint  researches  both  in  zoology  and 
botany  are  characterised  in  the  present  day  by  great  RCCuTRCy  and  elabora- 


tion. Investigations  patiently  conducted  upon  true  inductive  principles 
cannot  fail  eventually  to  elicit  the  hidden  laws  which  gover.-.  the  animated 
world.  The  remarkable  work  of  Mr.  Darwin,  promulgating  the  doc- 
trine of  natural  selection,  has  produced  a  profound  sensation.  The 
novelty  of  this  ingenious  theory,  the  eminence  ot  its  author,  and  his 
masterly  treatment  of  the  subject,  have,  perhaps,  combined  to  excite  more 
enthusiasm  in  its  favour  than  is  consistent  with  that  dispassionate  spirit 
which  it  is  so  necessary  to  preserve  in  the  pursuit  of  truth*.  The  President 
said  he  would  not  rim  the  risk  of  wearying  the  assembly  by  extending  his 
remarks  to  other  branches  of  science ;  and  in  conclusion  expressed  a  hope 
that,  when  the  time  again  comes  round  to  receive  the  British  Association 
in  this  town,  its  members  will  find  the  interval  to  have  been  as  fruitful  as 
the  corresponding  period  on  which  they  now  looked  back.  The  tendency 
of  progress  is  to  quicken  progress,  because  every  acquisition  in  science  is 
so  much  vantage  ground  for  fresh  attainment.  We  may  expect,  therefore, 
to  increase  our  speed  as  we  struggle  forward  ;  but,  however  high  we  climb 
in  the  pursuit  of  knowledge,  we  shall  still  see  heights  above  us  ;  and  the 
more  we  extend  our  view  the  more  conscious  we  shall  be  of  the  immensity 
which  lies  beyond. 

At  the  conclusion  of  this  address,  which  occupied  little  more  thau  an 
hour  in  its  delivery,  the  applause  of  the  audience  broke  forth,  and 
continued  almost  uninterruptedly  for  some  minutes. 


ABSTRACT  OF  AX  INVESTIGATION  ON  PLANK  WATER-LINES. 
By  W.  J.  Macqttokn  Ra^iune,  C.E.,  LL.D.,  F.R.SS.,  L.  &  E.  &c. 

1.  This  paper  contains  an  abstract  of  a  mathematical  investigation, 
which  has  been  communicated  in  detail  to  the  Royal  Society.  By  the 
term  "  Plane  Water-Line  "  is  meant  one  of  those  curves  which  *  a  particle 
of  a  liquid  describes  in  flowing  past  a  solid  body,  when  such  flow  takes 
place  in  plane  layers.  Such  curves  are  suitable  for  the  water- lines  of  a 
ship;  for  during  the  motion  of  a  well- formed  ship,  the  vertical  displace- 
ments of  the  particles  of  water  are  small  compared  with  the  dimensions  of 
the  ship;  so  that  the  assumption  that  the  flow  takes  place  in  plane  layers, 
though  not  absolutely  true,  is  sufficiently  near  the  truth  for  practical 
put  poses. 

2.  The  author  refers  to  the  researches  of  Professor  Stok  -  i  '  mbr, 
Tram.  18T2,)  "on  the  Steady  Motion  of  an  Incompressible  Fluid,"  and  of 
Professor  William  Thanson,  (made  in  1S5S,  hut  'not  yet  published,)  as 
containing  the  demonstration  of  the  general  principles"  of  the  flow  of  a 
liquid  past  a  solid  body. 

3.  Every  figure  of  a  solid  past  which  a  liquid  is  capable  of  (lowing 
smoothly,  generates  an  endless  series  of  water-lines,  which  become  sharper 
in  their  forms  as  they  are  more  distant  from  the  primitive  water-line  of 
the  solid.  The  only  exact  water-lines,  whose  forms  have  hitherto  been 
completely  investigated,  are  those  generated  by  the  .  in  two 
dimensions,  and  by  the  sphere,  in  three  dimensions.  In  addition  to  what 
is  already  known  of  those  lines,  the  author  points  out,  that  when  a 
cylinder  moves  through  still  water,  the  orbit  of  each  parti.!,  of  water  is 
one  loop  of  an  elastic  curve. 

1.  The  profiles  of  waves  have  been  used  with  SUCCESS  in  practice  as 
water. lines  for    ships,   first    by  Mr.   Scott    Russell  (for   the    explanation    of 

whose  system  the  author  refers  to  the  Transactions  of  the  Institution  of 
Naval  Architects  for  1SG0-1-2),  and  afterwards  by  Other  .  \s  to  the 
frict.ional  resistance  of  vessels  having  such  lines,  the  author  refers  to  his 
own  papers;  one  read  to  the  British  Association  in  lStil.  and  ;  tinted  in 
various  engineering  journals,  and  another  read  to  the  Royal  Society  in 
L862,  and  printed  hi  the  Philosophical  Transact  i- ■ 

5.  The  author  proceeds  to  investigate   and   explain    the  of  a 

(dass  of  water-lines  Comprising  an  en. 'Jess  variety  of  form  and  propor- 
tions .  In  each  series  of  snch  lines,  the  primitive  water-lin  I  is  a  particular 
sorl  of  oval,  characterized  by  this  property;  that  the  ordinate  at  any 
point  of  the  oval  is  proportional  to  the  angle  between  t«  .  in.  drown 
from  that  point  to  two  foci.    (In  the  Fig.,  L  B  n  quadra 

Buchanoval;  C  being  its  centre,  and  A  one  of  the  fool.     Hie  other  focus 
it  at  an  equal  distance  to  the  other  tide  if  the  centre.)    Ova 
clan  differ  from  ellipses,  in   being  considerably  full  .  and 

Hat  ter  at  the  sides. 

li.  The  length  of  the  oval  may  hear  any  propi  rtion  to  its  breadth,  from 
equality  (when  the  oval  becomes  n  circle)  to  infinity.    (In  the  Fig.,  the 

length  (  )  I,  is  to  the  breadth  (I   II,  neatly    as  \~  j  til. 

7.  Bach  oval  generates  an  endless  water-lines,  which  become 

sharper  in  figure  as  they  are  farther  from  the  oval,     [n  each  oft 

derived  lines,  the  eXCSM  of  the  ordinate  at  a  given  point     sboVS   a    certain 

minimum  value,  is  proportional  to  the  angl  a  pair  of  lines  drawn 

from  that   point   to  the  tWO  foci. 

s.   There  is  thus  an  endless  series    ..|'  oval  ncraling  an    endless 

of  water-lines ;  and  amongst  those  figures,  a  i  or  "fair" 

enrve  can  always  he  found,  combining  any  proportion  of  length  .  >  I  reodth 
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from   equality  to   infinity,   with   any   degree   of  fullness   or  fineness  of 
entrance,  from  absolute  bluffness  to  a  knife-edge. 

9.  The  lines  thus  obtained  present  striking  likenesses  to  those  at  which 
naval  architects  have  arrived  through  practical  experience ;  and  every 
successful  model  in  existing  vessels  can  be  closely  imitated  by  means  of 
them,  from  a  Dutch  galliot  to  a  racing  boat. 

10.  Any  series  of  water-lines,  including  the  primitive  oval,  are  easily 
and  quickly  constructed  with  the  ruler  and  compasses,  as  follows: — 
Parallel  to  the  longitudinal  axis  O  X,  draw  a  series  of  straight  lines  at 
-equal  distances  apart.  Through  the  foci  draw  a  series  of  circular  arcs 
AC,,  AC2,  &c,  so  as  to  contain  a  series  of  angles  found  by  dividing  those 
distances  by 

QL3-OA2 

2  0A 
■Each  of  those  circular  arcs  indicates  the  direction  of  motion,  in  still  water, 
of  each  of  the  particles  that  it  traverses.  Then  through  the  angles  of 
the  network  formed  by  the  straight  lines  and  circular  arcs,  draw  a  series 
of  curves ;  these  will  be  the  required  water-lines.  The  centre  of  curvature 
•of  the  oval  at  L  is  the  focus  A. 

11.  The  following  curves,  traversing  certain  important  points  in  the 
water-lines,  are  exactly  similar  for  all  water-lines  of  this  class,  and  are 
easily  and  quickly  constructed  with  the  compasses. 

LM  is  a  hyperbola,  having  a  pair  of  asymptotes  crossing  the  axes  at  O 
at  angles  of  45°.  It  traverses  all  the  points  at  which  the  motion  of  the 
particles,  in  still  water,  is  at  right  angles  to  the  water-lines. 

LQN,  and  LP,  are  the  two  branches  of  a  curve  of  the  fourth  order, 
having  a  pair  of  asymptotes  which  traverse  O,  making  angles  of  30°  with 
OX.  A  straight  line  joining  L  and  P  makes  an  angle  of  30°  with  LO.  The 
two  branches  cross  the  axis  OX  at  L,  making  angles  of  45°.  The  branch 
LQN  traverses  a  series  of  points  at  each  of  which  the  velocity  of  gliding 
■of  the  particle*  of  water  along  the  water-line  is  less  than  at  any  other 


point  on  the  same  water-line.  The  branch  uP  traverses  a  series  of  points, 
at  each  of  which  the  velocity  of  gliding  is  greater  than  at  any  other 
point  on  the  same  water-line. 

12.  The  axis  OY,  from  B  to  P,  traverses  a  series  of  points  of  minimum 
velocity  of  gliding ;  from  P  onwards,  it  traverses  a  series  of  points  of 
maximum  velocity  of  gliding. 

13.  Every  water-line,  complete  from  bow  to  stern,  which  passes  within 
the  point  P,  has  three  points  of  minimum  and  two  of  maximum  velocity 
of  gliding  ;  while  every  water-line  which  passes  through  or  beyond  P,  has 
only  two  points  of  minimum  and  one  of  maximum  velocity  of  gliding. 
Hence  the  latter  class  of  lines  cause  less  commotion  in  the  water  than  the 
former. 

14.  On  the  water-line  PQ,  which  traverses  the  point  P  itself,  the  velocity 
of  gliding  changes  more  gradually  than  on  any  other  water-line  having  the 
same  proportion  of  length  to  breadth.  Water-lines  possessing  this 
character  can  be  constructed,  with  any  proportion  of  length  to  breadth, 
from  -/jT  (which  gives  an  oval  through  L  and  P)  to  infinity.  The  finer 
of  those  lines  are  found  to  be  nearly  approximated  to  by  wave-lines ;  but 
are  less  hollow  at  the  bow  than  wave-lines  are. 

15.  The  author  shows  how  horizontal  water-lines  at  the  bow,  drawn 
according  to  this  system,  may  be  combined  with  vertical  plane  lines  of 
motion  for  the  water  at  the  stern,  if  desired  by  the  naval  architects. 

16.  In  this,  as  in  every  system  of  water-lines,  a  certain  relation 
(according  to  a  principle  first  pointed  out  by  Mr.  Scott  Russell)  must  be 
preserved  between  the  form  and  dimensions  of  the  bow  and  the  maximum 
speed  of  the  ship,  in  order  that  the  appreciable  resistance  may  be  wholly 
frictional,  and  proportional  to  the  square  of  the  velocity,  (as  the  experi- 
mental researches  of  Mr.  W.  E.  Napier  and  the  author  have  shown  it  to  be 
in  well-formed  ships,)  and  may  not  be  augmented  by  terms  increasing  as 
the  fourth  and  higher  powers  of  the  velocity,  through  the  action  of 
vertical  disturbances  of  the  water. 


ON   THE   PROPORTIONS   OF    SHIPS   OF  LEAST  SKIN-RESIS- 
TANCE   FOR    A    GIVEN  SPEED    AND    DISPLACEMENT. 

Bx  W.  J.  Macqtjobk  Rankijte,  C.E.,  LL.D.,  &c,  &c. 

The  author  referred  to  a  previous  paper  which  he  had  read  to  the 
British  Association  in  1861,  in  which  he  had  stated  the  results  of  a 
theoretical  investigation  of  the  "  skin  resistance "  of  ships,  and  verified 
those  results  by  a  comparison  with  those  of  experiment.  In  the  course  of 
that  paper  he  had  stated,  that  the  theory  gives,  for  the  proportion  of 
length  to  breadth  which  produces  least  skin-resistance  with  a  given  dis- 
placement and  speed,  that  of  seven  to  one,  nearly. 

This  is  the  case  when  the  figures  and  2>roportions  of  the  cross-sections  are 
given,  so  that  the  draught  of  water  bears  a  fixed  proportion  to  the 
breadth.  But  when  the  draught  of  water  has  a  fixed  absolute  value,  the 
theory  gives  a  somewhat  different  result ;  for  the  proportion  of  length  to 
breadth  which  produces  the  least  skin-resistance  is  found  to  increase  as 
the  draught  of  water  becomes  shallower. 

In   the   following   table   of    examples   L   denotes   the   length,   B   the 


H, 


extreme  breadth,  H  the  draught  of  water,  and  the  ratio   ^LB 

which  is  the  argument  of  the  table,  is  computed  as  follows  : — 

/■[■  R  /  C      Displacement  in  cubic  feet      ~) 

jj     =  A/       (^     H3  x  co-efficient  of  fineness     j 

In  the  vessels  to  which  these  calculations  are  applicable,  the  cross 
sections  are  supposed  to  be  nearly  rectangular,  and  the  "  co-efficient  of 
fineness"  is  in  general  between  0"55  and  065. 


I. 


II.     III.      IV. 


v.      VI. 


=  5-2 

7 


99 


15-6 
9 


10 


307 
11 


402 
12 


Example  No. 

\/lb 

K 
L 
B 
B 

l-i 

The  general  agreement  of  those  results  with  successful  practice  in  ship- 
building is  obvious. 
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ON  THE  MOLECULAR  MOBILITY  OF  GASES. 
Br  Tiiomas   Gbaiiam,  F.B.S.,    Masteb    of    the    Mist. 

The  molecular  mobility  of  gases  is  here  considered  in  reference  chiefly  to  the 
passage  of  gases,  under  pressure,  through  a  thin  porous  plate  or  septum,  and  to 
the  partial  separation  of  mixed  gases  which  can  be  effected,  as  will  be  shown,  by 
such  means.  The  investigation  arose  out  of  a  renewed  and  somewhat  protracted 
inquiry  regarding  the  diffusion  of  gases  (depending  upon  the  same  molecular 
mobility),  and  has  afforded  certain  new  results  which  may  prove  to  be  of  interest 
in  a  theoretical  as  well  as  in  a  practical  point  of  view. 

In  the  diffusiometer,  as  first  constructed,  a  plain  cylindrical  glass  tube,  rather 
less  than  an  inch  in  diameter  and  about  ten  inches  in  length,  was  simply  closed 
at  one  end  by  a  porous  plate  of  plaster  of  Paris,  about  one-third  of  an  inch  in 
thickness,  and  thus  converted  into  a  gas  receiver.*  A  superior  material  for  the 
porous  plate  is  now  found  iu  the  artificially  compressed  graphite  of  Mr.  Brocke- 
don,  of  the  quality  used  for  making  writing-pencils.  This  material  is  sold  in 
London  in  small  cubic  masses  about  2  inches  square.  A  cube  may  easilj-  be  cut 
into  slices  of  a  millimetre  or  two  in  thickness  by  means  of  a  saw  of  steel  spring. 
By  rubbing  the  surface  of  the  slice  without  wetting  it  upon  a  flat  sand-stone, 
the  thickness  maybe  further  reduced  to  about  one-half  ot  a  millemetre.  A  cir- 
cular disk  of  this  graphite,  which  is  like  a  wafer  in  thickness,  but  possesses  con- 
siderable tenacity,  is  attached  by  resinous  cement  to  one  eiid  of  the  glass  tube 
above  described,  so  as  to  close  it  and  form  a  diffusiometer.  The  tube  is  filled 
with  hydrogen  gas  over  a  mercurial  trough,  the  porosity  of  the  graphite  plate 
being  counteracted  for  the  time  by  covering  it  tightly  with  a  thin  sheet  of  gutta 
percha.  On  afterwards  removing  the  latter,  gaseous  diffusion  immediately  takes 
place  through  the  pores  of  the  graphite.  The  whole  hydrogen  will  leave  the 
tube  in  forty  minutes  or  an  hour,  and  is  replaced  by  a  much  smaller  proportion 
of  atmospheric  air  (about  one-fourth),  as  is  to  be  expected  from  the  law  of  the 
diffusion  of  gases.  During  the  process,  the  mercury  will  rise  in  the  tube,  if 
allowed,  forming  a  column  of  several  inches  in  height — a  fact  which  illustrates 
strikingly  the  intensity  of  the  force  with  which  the  interpenetration  of  different 
gases  is  effected.  The  native  or  mineral  graphite  is  of  a  lamellar  structure,  and 
appears  to  have  little  or  no  porosity.  It  cannot  be  substituted  for  the  artificial 
graphite  as  a  difrusion-septum.    Unglazei  earthenware  comes  next  in  value  to 

graphite  for  this  purpose. 

The  pores  of  artificial  graphite  appear  to  be  really  so  minute,  that  a  gas  iii 
mats  cannot  penetrate  the  plate  at  all.  It  seems  to  he  molecules  only  which  can 
pa<»  ;  ami  these  may  be  supposed  to  pass  wholly  unimpeded  by  friction,  for  the 
smallest  pores  that  can  be  imagined  to  exist  in  the  graphite  must  be  tunnels  in 
magnitude  to  the  ultimate  atoms  of  a  gaseous  body.  The  sole  motive  agency 
appears  to  be  that  intestine  movement  of  molecules  which  is  now  generally  re- 
cognised as  an  essential  property  of  the  gaseous  condition  of  matter. 

According  to  the  physical  hypothesis  now  generally  rcccivedt,  a  gas  is  repre- 
sented as  consisting  of  solid  ami  perfectly  elastic  spherical  particles  or  atoms, 

win.  h  move  in  all  :1k  ii  ns.  and  are  ani-n -lied  With  different  degrees  <i  vjlouiv 
in  different  gases.  Confined  in  a  vessel,  the  moving  particles  are  constantly  im- 
pinging against  its  sides  and  occasionally  against  each  other,  and  such  collisions 
take  place  without  any  loss  of  motion,  owing  to  the  perfect  elasticity  of  the  par- 
ticles. Now  if  the  containing  vessel  be  porous,  like  a  dinusiometer,  then  gas  is 
projected  through  the-  open  channels,  by  the  atomic  motion  described,  and  escapes. 
Simultaneously  the  external  air  or  gas,  '.'■  naterot  it  may  be,  is  carried  inwards  in 
the  same  manner,  and  takes  the  puce  of  the  gas  wliieli  leaver  the  vessel.  To 
the  same  atomic  or  molecular  motion  is  due  the  elastic  force,  with  the  power  to 
in,  possessed  bygases.  The  molecular  movement  is  accelerated 
by  heat  and  retarded  by  cold,  the  ti  Dsiorj  of  the  gas  being  increased  in  the  first 
ince  and  diminished  in  the  second.   Even  when  the  gas  is  present  both  within 

and  without  the  vessel,  and  is  therefore  iii  contact   with  both  sides  of  the  porous 

plate,  the  movement  is  sustained  without  abatemcnt-—molecules  continuing  to 
enter  and  leave  in  equal  number,  although  nothing  of  the  kind  is  indicated  by 
change  of  volume  or  otherwise.     It  the  gases  iii  communication  be  different  but 

pos.ess  sensibly  tin-  same    Specific    gravity    and    molecular    velocity,   as    nitrogen 

and  carbonic  oxide  do,  an  interchange  ot  molecules  also  takes  place  without  any 

change    in    volume.      With    «;eis    opposed    Of    unequal    density    and    molecular 

velocity,  the  amount  ot  penetration  ceases  of  course  to  be  equal  in  both  directions. 

These-  observations  are  preliminary  to  the-  consideration  of  the  passage  through 

a  graphite  plate,  in  one  direction  only,  ot  gas  under  pressure,  or  under  the  in- 
fluence of  its  own  clastic-  force.  It  is  to  be  -up|>»sed  that  a  vacuum  is  maintained 
on  one  side  ot  the  porous  septum,  and  that  air  or  jome  other  gas,  under,  a  con- 
pressure, is  in  contact    with  the  other  side.    Now  a  gas  may  pass  into  a 

vacuum  in  three  different  modes,  or  in  two  modes  besides  that   inn liately 

before  "s. 

1.  The  gas  may  enter  the  vacuum  by  p  i    ugh  a  minute-  aperture  in  a 

thin  plate,  such  as  a  puncture  in  platinum  foil  made  by  a  tine-  steel  point  The 
rate  of  passage  of  different  gases  is  then  regulated  by  their  specific  gravities, 
According  to  npneumatio  law  which  was  deduced  by  Professor  John  Bobisoo, 
from  Torricellis  well-known  theorem  of  tie-  velocity  ot  stilus  of  fluids, 
rushes  into  a  vacuum  with  tin-  velocity  which  a  basin  bodj  would  acquire  by 
falling  from  tin- height  ot  an  atmosphere  composed  ol  >!-  tion,  and 

supposed  to  be  of  uniform  density  throughout.  The  heigh)  of  the  uniform  at- 
mosphere  will  be  invcrselj  as  the  specific  gravity  "t  the  gas,  tba  atmosphere  ol 

•   "On  tie-  I.  iv,   Ol    ll'      I  >cil  .   -  ■■-.  ■■>    ■ 
burgh,  rol.  x i i ..  p.  22!  :  Of  '  '■' 

t  D.  Bernoulli,  J.  Herepsth,  Joule,  I  Th« 

merit  of  revlrlnfr  thU  hypothesis  and  Brsl   sppljl  nunton, 

U  fairly  due  to  Mr.  Herepath,    8  ■  U  Does,  by  John  H  rs 

path,  Bsq.(l847). 


hydrogen,  for  instance,  sixteen  times  higher  than  that  of  oxygen.  But  as  the 
velocity  acquired  by  a  heavy  body  in  falling  is  not  directly  as  the  height,  but  as 
the  square  root  of  the  height,  the  rate  of  flow  of  different  gases  into  a  vacuum 
will  be  inversely  as  the  square  root  of  their  respective  densities.  The  velocity  of 
oxygen  being  1,  that  of  hydrogen  will  he  -A,  the  square  root  of  16.  This  law  has 
been  experimentally  verified*.  The  times  of  the  effusion  of  gases,  as  I  have 
spoken  of  it,  are  similar  to  those  of  the  law  of  molecular  diffusion  ;  hut  it  is  im- 
portant to  observe  that  the  phenomena  of  effusion  and  diffusion  are  distinct  and 
essentially  different  in  their  nature.  The  effusion  movement  affects  masses  of 
gas,  the  diffusion  movement  affects  molecules  ;  and  a  gas  is  usually  carried  by 
the  former  kind  of  impulse  with  a  velocity  many  thousand  times  greater  than 
by  the  latter.     The  effusion  velocity  of  air  is  the  same  as  the  velocity  of  sound. 

2.  If  the  aperture  of  efflux  be  in  a  plate  of  increased  thickness,  and  so  becomes 
a  tube,  the  effusion-rates  of  gases  are  disturbed.  The  rates  of  flow  of  different 
gases,  however,  assume  again  a  constant  ratio  to  each  other  when  the  capillary 
tube  is  considerably  elongated,  when  the  length  exceeds  the  diameter  at  least 
iOOO  times.  These  new  proportions  of  efflux  are  the  rates  of  the  "  Capillary 
Transpiration  of  Gases. "t  The  rates  were  found  to  be  the  same  in  a  capillary 
tube  composed  of  copper  as  they  are  in  a  tube  of  glass,  and  appear  to  be  inde- 
pendent of  the  material  of  the  capillary.  A  film  of  gas  no  doubt  adheres  to  the 
inner  surface  of  the  tube,  and  the  friction  is  really  that  of  gas  upon  gas,  and  is 
consequently  unaffected  by  the  nature  of  tube-substance.  The  rates  of  trans- 
piration are  not  governed  by  specific  gravity,  and  arc  indeed  singularly  unlike  the 
rates  of  effusion. 

The  transpiration-velocity  of  oxygen  being  1,  that  of  chlorine  is  1"6,  that  of 
hydrogen  2'26,  of  ether  vapour  at  low  temperatures  the  same  or  nearly  the  same 
number  as  hydrogen,  of  nitrogen  and  carbonic  oxide  half  the  velocity  of  hydro- 
gen, of  olefiant  gas,  ammonia,  and  cyanogen  2  (double  or  nearly  double  that  of 
oxygen),  of  carbonic  acid  1'376,  and  of  the  gas  of  marshes  1*816.  In  the  same 
gas  the  transpirability  of  equal  volumes  increases  with  density,  whether  occa- 
sioned by  cold  or  pressure.  The  transpiration-ratios  of  gases  appear  to  be  in 
constant  relation  with  no  other  known  property  of  the  same  gases,  and  they 
form  a  class  of  phenomena  remarkably  isolated  from  all  else  at  present  known 

of  gases. 

There  is  one  property  of  transpiration  immediately  bearing  upon  the  pene- 
tration of  the  graphite  plate  by  gases.  The  capillary  offers  to  the  passage  of 
gas  a  resistance  analogous  to  that  of  friction,  proportional  to  the  surface,  and 
consequently  increasing  as  the  tube  or  tubes  are  multiplied  in  number  and 
diminished  iu  diameter,  with  the  area  of  discharge  preserved  constant.  The 
resistance  to  the  passage  of  a  liquid  through  a  capillary  was  observed  by 
Poiseuille  to  be  nearly  as  the  fourth  power  of  the  diameter  of  the  tube.  In 
gases  the  resistance  also  rapidly  increases;  but  in  what  ratio,  has  not  been  ob- 
served. The  consequence,  however,  is  certain,  that  as  the  diameter  of  the 
capillaries  uiav  be  diminished  beyond  any  assignable  limit,  so  the  flow  may  be 
retarded  indefinitely,  and  caused  at  last  to  become  too  small  to  be  sensible. 
We  may  therefore  have  a  mass  of  capillaries  of  which  the  passages  form  a  h  rge 
aggregate,  hut  which  are  individually  too  small  to  permit  a  sensible  flow  of  gas 
under  pressure.  A  porous  solid  mass  may  possess  tin-  same  reduced  penetrability 
as  the  congeries  of  capillary  tubes.  Indeed  the  state  of  porosity  described 
appears  to  lie  more  or  less  closely  approached  by  all  loosely  aggregated  minaral 

masses,  such  as  linn-  plaster,  stu-vo,  chalk,  baked  day.  non-crystalline  earthy 
powders  like  hydrate  of  lime  or  magnesia  compacted  by  pressure,  and  in  the 
highest  degree  perhaps  by  artificial  graphite. 

:s.  A  plate  of  artificial  graphite,  although  it  appears  to  be  practically  impene- 
trable to  gas  by  either  of  the  two  modes  of  passage  previously  described,  is 
readily  penetrated  by  the  agency  of  the  molecular  or  diffusive  movement  of 
gases.  This  appears  on  comparing  the  time  required  for  the  passage  of  equal 
volumes  of  different  gases  under  a  constant  pressure.  Of  the  following  three 
u'.isc-s,  oxygen,  hydrogen,  and  carbonic-  acid,  the  time  required  for  the  passage  of 
an  ecpial  volume  of  each  through  a  capillary  glass  tube,  in  similar  circumstances 
as  to  pressure  and  temperature,  was  formerly  observed  to  be  as  follows : — 

Time  of  capillar; 
transpiration.  " 

Oxygen  1 

Carbonic:  aeid    072 

Hydrogen    ,..,  o--lt 

Through  s  plate-  of  graphite,  of  hall  a  millimetre  in  thickness,  the  same  gases 
were-  now  observed  to  pass,  under  s  constant  pressure  of  ■  column  of  mercury 
of  .i*>  millimetres  in  height,  in  times  whioh  are  as  follows : — 

Time  of  molecular  Bqnare  tool  of  density 

(oxygen  1). 

Oxygen l  i 

Hydrogen  0*8472    0*9609 

Csrbomoacid  1*1888       1*1760 

It  appears  then  thai  the  times  ol  passage  through  the  graphite  plate  have-  no 

the  capillar}  trsnspiration-tiraes  of  the  same  gases  flrsl  quoted. 

w  times  iii  quasi >  however,  show  a  close  relation  to  the  square  roots 

of  the  donsities  of  thorespcel  IK  is  BPCIl    in  the   last    table;  and   so   far 

tbc-v  agree  with  tie   ,n  in  al  times  of  diffusion  ii-u.ill\   ascribed  to  the  same  gases. 

The  experiments  were  varied  bj  causing  the  gases  to  pass  into  a  Torricellian 
in,  and  consequently  under  the  full  pressure  ol  the  atmosphere.    The  times 
ol  penel  ration  ol  equal  volume  u  iw — 

Times-,  /iiensitx.    • 

Oxyg<                                              1  1 

,0*9601  0*9607 

1*1880  1*1780 

Hydrogen  0*9806        0*9609 


•  ••■         ■ 
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This  penetration  of  the  graphite  plate  by  gases  appears  to  be  entirely  due  to 
their  own  proper  molecular  motion,  quite  unaided  by  transpiration.  It  seems 
to  offer  the  simplest  possible  exhibition  of  the  molecular  or  diffusive  movement. 
This  pure  result  is  to  be  ascribed  to  the  wonderfully  fine  porosity  of  the  graphite. 
The  interstitial  spaces,  or  channels,  appear  to  be  sufficiently  small  to  extinguish 
.transpiration,  or  the  passage  of  masses,  entirely.  The  graphite  becomes  a 
molecular  sieve,  allowing  molecules  only  to  pass  through. 

With  a  plate  of  stucco,  the  penetration  of  gases  under  pressure  is  very  rapid, 
and  the  volumes  of  air  and  hydrogen  passing  in  equal  times  are  as  1  to  2'S91, 
which  is  a  number  for  hydrogen  intermediate  between  its  transpiration-volume 
2"04  and  diffusive-volume  3'8,  showing  that  the  passage  through  stucco  is  a  mixed 
result. 

With  a  plate  of  biscuit  ware,  2'2  millimetres  in  thickness,  the  volume  of 
hydrogen  rose  to  3'754  (air  =  1),  approaching  closely  to  3-8.  the  molecular  ratio. 

The  rate  of  passage  of  a  gas  through  graphite  appeared  also  to  be  closely 
proportional  to  the  pressure: 

Further,  hydrogen  was  found  to  penetrate  through  a  graphite  plate  into  a 
vacuum,  with  sensibly  the  same  absolute  velocity  as  it  diffused  into  air,  estab- 
lishing the  important  fact  that  the  impelling  force  is  the  same  in  both  movements. 
The  molecular  mobility  may  therefore  be  spoken  of  as  the  diffusive  movement  of 
gases ;  the  passage  of  gas  through  a  porous  plate  into  vacuum,  as  diffusion  in 
one  direction  or  single  diffusion  ;  and  ordinary  diffusion,  or  the  passage  of  two 
gases  in  opposite  directions,  as  double,  compound,  or  reciprocal  diffusion. 

Atmolysis. — A  partial  separation  of  mixed  gases  and  vapours  of  unequal 
diffnsibility  can  be  effected  by  allowing  the  mixture  to  permeate  through  a 
graphite  plate  into  a  vacuum,  as  was  to  be  expected  from  the  preceding  views. 
As  this  method  of  analysis  has  a  practical  character  and  admits  of  wide  appli- 
cation, it  may  be  convenient  to  distinguish  it  by  a  peculiar  name.  The  amount 
of  the  separation  is  in  proportion  to  the  pressure,  and  attains  its  maximum  when 
the  gases  pass  into  a  nearly  perfect  vacuum.  A  variety  of  experiments  were 
made  on  this  subject,  of  which  perhaps  the  most  interesting  were  those  upon  the 
concentration  of  the  ox3'gen  in  atmospheric  air.  When  a  portion  of  air  confined 
in  ajar  is  allowed  to  penetrate  into  a  vacuum  through  graphite  or  unglazed 
earthenware,  the  nitrogen  should  pass  more  rapidly  than  the  oxygen  in  the  pro- 
portion of  1'0668  to  1,  and  the  proportion  of  oxygen  be  proportionally  increased 
in  the  air  left  behind  in  the  jar.  The  increase  in  the  oxygen  actually  observed 
when  the  air  in  the  jar  was  reduced  from  1  volume 

To  0'5        volume,  was  0'48  per  cent. 
0-25  „  „    0-98        „ 

0-125  „  .,    1-54        ., 

0-0625  „  „     2-02 

Or,  the  oxygen  increased  from  21  to  23'02  per  cent,  in  the  last  sixteenth  part  of 
air  left  behind  in  the  jar. 

The  most  remarkable  effects  of  separation  are  produced  by  means  of  the  tube 
atmolyser.  This  is  simply  a  narrow  tube  of  unglazed  earthenware,  such  as  a 
tobacco-pipe  stem  two  feet  in  length,  which  is  placed  within  a  shorter  tube  of 
glass  and  secured  in  its  position  by  corks,  so  as  to  appear  like  a  Liebig's  con- 
denser. The  glass  tube  is  placed  in  communication  with  an  air-pump,  and  the 
annular  space  betv^een  the  two  tubes  is  maintained  as  nearly  vacuous  as  possible. 
Air  or  any  other  mixed  gas  is  then  allowed  to  flow  in  a  stream  along  the  clay 
tube,  and  collected  as  it  issues.  The  gas  so  atmolysed  is  of  course  reduced  in 
volume,  much  gas  penetrating  through  the  pores  of  the  clay  tube  into  the  air- 
pump  vacuum  ;  and  the  slower  the  gas  is  collected  the  greater  the  proportional 
loss.  In  the  gas  collected,  the  denser  constituent  of  the  mixture  is  thus  concen- 
trated in  an  arithmetical  ratio,  while  the  volume  ot  the  gas  is  reduced  in  a 
geometrical  ratio.  In  one  experiment  the  proportion  of  oxygen  in  the  air  after 
traversing  the  atmolyser  was  increased  to  24'5  per  cent.,  or  16'7  upon  103  oxj'gen 
originally  present  in  the  air.  With  gases  differing  so  much  in  density  and 
diffusibility  as  oxygen  and  hj  drogen,  the  separation  is  of  course  much  more 
considerable.  The  explosive  mixture  of  two  volumes  of  hydrogen  and  one 
volume  of  oxygen,  gave  oxygen  containing  only  9"3  per  cent,  of  hydrogen,  in 
which  a  taper  burned  without  explosion ;  and  with  equal  volumes  of  oxygen  and 
hydrogen,  the  proportion  of  the  latter  was  easily  rednced  from  50  to  5  per  cent. 

Interdiffusion  of  Gases — Double  Diffusion. — The  diffusiometer  was  much  im- 
proved in  construction  by  Prof.  Bunsen,  from  the  application  of  a  lever  arrange- 
ment to  raise  and  depress  the  tube  in  the  mercurial  trough.  But  the  mass  of 
stucco  forming  the  porous  plate  in  his  instrument  was  too  voluminous,  in  my 
opinion,  and,  from  being  dried  by  heat,  had  probably  detached  itself  from  the 
walls  of  the  glass  tube.  The  result  obtained  of  3'4  for  hydrogen,  air  being  1, 
is,  I  understand,  no  longer  insisted  upon  by  that  illustrious  physicist.  It  is  in- 
deed curious  that  my  old  experiments  generally  rather  exceeded  than  fell  short 
of  the  theoretical  number  for  hydrogen : — 

^=3-7997. 


«* 


0-06926 

With  stucco-  as  the  material,  the  cavities  in  the  porous  plate  plate  form  about 
one-fourth  of  its  bulk,  and  affect  sensibly  the  ratio  in  question,  according  as 
they  are  or  are  not  included  in  the  capacity  of  the  instrument.  Beginning  the 
diffusion  always  with  these  cavities  filled  with  hydrogen,  the  numbers  now  ob- 
tained with  a  stucco  plate  of  12  millimetres  in  thickness,  dried  without  heat, 
were  3'783,  3"8,  and  3'739  when  the  volume  of  the  cavities  of  stucco  is  added 
to  the  air  and  hydrogen,  and  3'931,  3-949,  and  3883  when  such  addition  is  not 
made  to  these  volumes.  The  graphite  plate,  on  the  other  hand,  being  thin,  and 
the  volume  of  its  pores  too  minute  to  require  to  be  taken  into  account,  its 
action  is  not  attended  with  the  same  uncertainty.  With  a  graphite  plate  of  2 
millimetres  in  thickness,  the  number  for  hydrogen  into  air  was  3'876,  and  of 
hydrogen  into  oxygen  4"  124. -instead  of  4.  With  a  graphite  of  1  millimetre  in 
thickness,  hydrogen  gave  3'993  to  airl.  With  a  graphite  plate  of  0-5  milli- 
metre in  thickness,  the  proportional  number  for  hydrogen  to  air  rose  to  3-984, 


4'068,  and  4'067.  A  similar  departure  from  the  theoretical  number  was  observed 
when  hydrogen  was  diffused  into  oxygen  or  carbonic  acid,  instead  of  air.  All 
these  experiments  were  made  over  mercury  and  with  dried  gases.  It  appears 
that  the  numbers  are  most  in  accordance  with  theory  when  the  graphite  plate 
is  thick,  and  the  diffusion  slow  in  consequence.  If  the  diffusion  be  very  rapid, 
as  it  is  with  the  plates,  something  like  a  current  is  possibly  formed  in  the  chan- 
nels of  the  graphite,  taking  the  direction  of  the  hydrogen  and  carrying  back  in 
mass  a  little  air,  or  the  slower  gas,  whatever  it  may  be.  I  cannot  account  other- 
wise for  the  slight  predominance  which  the  lighter  and  faster  gas  appears  always 
to  acquire  in  diffusing  through  the  porous  septum. 

Speculative  Ideas  respecting  the  Constitution  of  Matter, — It  is  conceivable  that 
the  various  kinds  of  matter,  now  recognised  as  different  elementary  substances, 
may  possess  one  and  the  same  ultimate  or  atomic  molecule  existing  in  different 
conditions  of  movement.  The  essential  unity  of  matter  is  an  hypothesis  in  har- 
mony with  the  equal  action  of  gravity  upon  all  bodies.  We  know  the  anxiety 
with  which  this  point  was  investigated  by  Newton,  and  the  care  he  took  to  as- 
certain that  every  kind  of  substance,  "metals,  stones,  woods,  grain,  salts, 
animal  substances,"  &c,  are  similarly  accelerated  in  falling,  and  are  therefore- 
equally  heavy. 

In  the  condition  of  gas,  matter  is  deprived  of  numerous  and  varying  proper- 
ties with  which  it  appears  invested  when  in  the  form  of  a  liquid  or  solid.  The 
gas  exhibits  only  a  few  grand  and  simple  features.  These  again  may  all  be  de- 
pendent upon  atomic  and  molecular  mobility.  Let  us  imagine  one  kind  of  sub- 
stance only  to  exist,  ponderable  matter ;  and  further,  that  matter  is  divisible  into 
ultimate  atoms,  uniform  in  size  and  weight.  We  shall  have  one  substance  and 
a  common  atom.  With  the  atom  at  rest  the  uniformity  of  matter  would  be  per. 
feet.  But  the  atom  possesses  always  more  or  less  motion,  due,  it  must  be  as- 
sumed, to  a  primordial  impulse.  This  motion  gives  rise  to  volume.  The  more 
rapid  the  movement  the  greater  the  space  occupied  by  the  atom,  somewhat  as  the 
orbit  of  a  planet  widens  with  the  degree  of  projectile  velocity.  Matter  is  thus 
made  to  differ  only  in  being  lighter  or  denser  matter.  The  specific  motion  of  an 
atom  being  inalienable,  light  matter  is  no  longer  convertible  into  heavy  matter. 
In  short,  matter  of  different  density  forms  different  substances — different  incon- 
vertible elements  as  they  have  been  considered. 

What  has  already  been  said  is  not  meant  to  apply  to  the  gaseous  volumes- 
which  we  have  occasion  to  measure  and  practically  deal  with,  Hut  to  a  lower  order 
of  molecules  or  atoms.  The  combining  atoms  hitherto  spoken  of  are  therefore 
not  the  molecules  of  which  the  movement  is  sensibly  affected  by  heat,  with 
gaseous  expansion  as  the  result.  The  gaseous  molecule  must  itself  be  viewed  as 
composed  of  a  group  or  system  of  the  preceding  inferior  atoms,  following,  as  a 
unit,  laws  similar  to  those  which  regulate  its  constituent  atoms.  We  have  in- 
deed carried  one  step  backward  and  applied  to  the  lower  order  of  atoms  ideas 
suggested  by  the  gaseous  molecule,  as  views  derived  from  the  solar  system  are 
extended  to  the  subordinate  system  of  a  planet  and  its  satellites.  The  advance 
of  science  may  further  require  an  indefinite  repetition  of  such  steps  of  molecular 
division.  The  gaseous  molecule  is  then  a  reproduction  of  the  inferior  atom  on 
a  higher  scale.  The  molecule  or  system  is  reached  which  is  affected  by  heat,  the 
diffusive  molecule,  of  which  the  movement  is  the  subject  of  observation  and 
measurement.  The  diffusive  molecules  are  also  to  be  supposed  uniform  in  weight, 
but  to  vary  iu  velocity  of  movement,  in  correspondence  with  their  constituent 
atoms.  Accordingly  the  molecular  volumes  of  different  elementary  substances 
have  the  same  relation  to  each  other  as  the  subordinate  atomic  volumes  of  the 
same  substances. 

But  further,  these  more  and  less  mobile  or  light  and  heavy  forms  of  matter- 
have  a  singular  relation  connected  with  equality  of  volume.  Equal  volumes  of 
two  of  them  can  coalesce  together,  unite  their  movement,  and  form  a  new  atomic 
group,  retaining  the  whole,  the  half,  or  some  simple  proportion  of  the  original 
movement  and  consequent  volume.  This  is  chemical  combination.  It  is  directly 
an  affair  of  volume,  and  only  indirectly  connected  with  weight.  Combining- 
weights  are  different,  because  the  densities,  atomic  and  molecular,  are  different. 
The  volume  of  combination  is  uniform,  but  the  fluids  measured  vary  in  density. 
This  fixed  combining  measure — the  metron  of  simple  substances  —weighs  1  for 
hydrogen,  16  for  oxygen,  and  so  on  with  the  other  "  elements." 

To  the  preceding  statements  respecting  atomic  and  molecular  mobility,  it  re- 
mains to  be  added  that  the  hypothesis  admits  of  another  expression.  As  in  the 
theory  of  light  we  have  the  alternative  hypotheses  of  emission  and  undulation, 
so  in  molecular  mobility  the  motion  may  be  assumed  to  reside  either  in  separate 
atoms  and  molecules,  or  in  a  fluid  medium  caused  to  undulate.  A  special  rate 
of  vibration  or  pulsation  originally  imparted  to  a  portion  of  the  fluid  medium 
enlivens  that  portion  of  matter  with  an  individual  existence,  and  constitutes  it 
a  distinct  substance  or  element. 

With  respect  to  the  different  states  of  gas,  liquid,  and  solid,  it  may  be  observed, 
that  there  is  no  real  incompatibility  with  each  other  in  these  physical  conditions. 
They  are  often  found  together  in  the  same  substance.  The  liquid  and  the  solid 
conditions  supervene  upon  the  gaseous  condition  rather  than  supersede  it.  Gay- 
Lussac  made  the  remarkable  observation  that  the  vapours  emitted  by  ice  and 
water,  both  at  0°  C,  are  of  exactly  equal  tension.  The  passage  from  the  liquid 
to  the  solid  state  is  not  made  apparent  in  the  volatility  of  water.  The  liquid  and 
solid  conditions  do  not  appear  as  the  extinction  or  suppression  of  the  gaseous 
condition,  but  someting  superadded  to  that  condition.  The  three  conditions  (or 
constitutions)  probably  always  co-exist  in  every  liquid  or  solid  substance,  but 
one  predominates  over  the  others.  In  the  general  properties  of  matter  we  have- 
indeed,  to  include  still  further  (1)  the  remarkable  loss  of  elasticity  in  vapours 
under  great  pressure,  which  is  distinguished  by  Mr.  Faraday  as  the  Caignard- 
Latour  state,  after  the  name  of  its  discoverer,  and  is  now  undergoing  an  inves- 
tigation by  Dr.  Andrews,  which  may  be  expected  to  throw  much  light  upon  it* 
nature ;  (2)  the  colloidal  condition  or  constitution,  which  intervenes  between  the 
liquid  and  crystalline  states,  extending  into  both  and  affecting  probably  all  kinds. 
of  solid  and  liquid  matter  in  a  greater  or  less  degree.  The  predominance  of  a 
certain  physical  state  in  a  substance  appears  to  be  a  distinction  of  a  kind  with 
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those  distinctions  recognised  in  natural  history  as  being  produced  in  unequal  de- 
velopment. Liquefaction  or  solidification  may  therefore  not  involve  the  suppres- 
sion of  either  the  atomic  or  the  molecular  movement,  but  only  the  restriction  of 
its  range.  The  hypothesis  of  atomic  movement  has  been  elsewhere  assumed, 
irrespective  of  the  gaseous  condition,  and  is  applied  by  Dr.  Williamson  to  the 
■elucidation  of  a  remarkable  class  of  chemical  reactions  which  have  their  seat  in 
a  mixed  liquid. 

Lastly,  molecular  or  diffusive  mobility  has  an  obvious  bearing  upon  the  com- 
munication of  heat  to  gases  by  contact  with  liquid  or  solid  surfaces.  The  im- 
pact of  the  gaseous  molecule,  upon  a  surface  possessing  a  different  temperature, 
appears  to  be  the  condition  for  the  transference  of  heat,  or  the  heat  movement, 
from  one  to  the  other.  The  more  rapid  the  molecular  movent  of  the  gas  the 
more  frequent  the  contact,  with  consequent  communication  of  heat.  Hence, 
probably,  the  great  cooling  power  of  hydrogen  gas  as  compared  with  air  or  oxy- 
gen .  The  gases  named  have  the  same  specific  heat  for  equal  volumes  ;  but  a  hot 
object  placed  in  hydrogen  is  really  touched  3'8  times  more  frequently  than  it 
•would  be  if  placed  in  air,  and  four  times  more  frequently  than  it  would  be  if 
placed  in  an  atmosphere  of  oxygen  gas.  Dalton  had  already  ascribed  this  pecu- 
liarity of  hydrogen  to  the  high  "  mobility  "  of  that  gas.  The  same  molecular 
property  of  hydrogen  recommends  the  application  of  that  gas  in  the  air-engine, 
where  the  object  is  to  alternately  heat  and  cool  a  confined  volume  of  gas  with 
rapidity. 

RESULTS  OF  THE  MAGNETIC  OBSERVATIONS  AT  THE  KEW 
OBSERVATORY,  FROM  1858  to  186*,  INCLUSIVE. 
Br  Major-general  Edwaed  Sabixe.  F.R.S. 
The  first  three  sections  of  this  paper  are  occupied  by  a  discussion  of  the  Laws 
of  the  Disturbances  of  the  Magnetic  Declination  at  Kcw,  derived  from  the 
photographic  records  of  the  Kew  Observaiory  between  January  1,  1858,  and 
December  31,  18G2.  In  the  first  section  a  synoptical  table  is  given,  showing  the 
■direction  and  amount  of  the  easterly  and  of  the  westerly  deflections  of  tin- 
declination  magnet  at  21  equidistant  epochs  on  each  of  95  days  of  principal 
disturbance  occurring  in  the  years  1858  to  1862  inclusive.  The  deflections  are 
measured  from  the  normals  of  the  same  month  and  hour,  computed  from  the 
undisturbed  positions  at  the  same  epochs  on  the  1825  days  comprised  in  the  five 
years  since  the  commencement  of  the  photographic  records.  The  phenomenal 
laws  of  the  disturbances  on  the  05  days  are  then  investigated,  and  are  compared 
with  the  corresponding  laws  derived  from  a  far  larger  number  of  observations  in 
the  same  years,  taken  out  by  the  well-known  process  employed  by  the  author  in 
the  reduction  of  the  observations  of  the  colonial  magnetic  observatories.  The 
result  is  shown  to  be  that,  so  tar  as  the  laws  of  disturbances  are  concerned,  the 
two  processes  famish    mutual   confirmation — the    laws    being  approximately 

the  same  whether  they  are  derived  from  the  whole  body  of  tin-  hourly  p  tsitions, 
or  from  that  portion  only  which  include-  it5  days  (or  on  an  average  ]9  days  in 
each  year)  which  were  specially  affected  by  disturbance, — but  that,  for  the  purpose 

of  eliminating  the  effects  of  the  disturbances  in  the  subsequent  investigation  of 
the   secular,    periodical,   and   other  minor  magnetic    variations,  the   prooi 
elimination  introduced  by  the  author  and  employed  by  him  for  several  years  past 
in  the  reduction  of  the  colonial   observations  has  the  advantage  of  separating 
from  the  whole  body  of  the  observation-  a  far  greater  portion   of  the   disturbing 

influence  than  would  be  gained  by  the  simple  omission  of  the  observations  on 
the  95  days.    The  laws  of  the  distn  wmal  variation,  thus    found  to   be 

approximately  the  -ame  whether  obtained  from  the  narrower  or  from  the  wider 
basis  of  investigation,    are  then    stated,  and    are   compared  with    the   results    of 

similar  investigation-  recorded  in  the  author's  previous  publications — the  points 
a  accordance  oi  of  difference  being  severally  discussed  m  the  third  section. 

The  fourth  section  contains  Tables  of  the  "  Diurnal  Inequality, "  and  of  the 
•'■'Solar-diurnal  Variation  at  Kew,  showing  tin.' mean  value-  at  each  hour  and  in 
each   month.    The  "Diurnal    Inequality"  i-  explained   as  consisting  of  two 

pruuijal  <■',.;  tu;  at      P!S.  thi  '"''  DlStUrbeSW    liurn  :'•  \  :n  tti  :■)       :n.l  tir.    '  Solar- 

uinmal  Variation."     It  is  obtained   for  each  month   by  taking  tbe  diflsri 

between  the  mean  positions  of  tbe  magnet  at  each  of  I  he  2!  hour-,  in  I  In-  month, 
and  the  mean  position  in  tbe  month  itself  (viz.  tbe   mean  of  all  tbe  ilays  and  ail 

the  hours) — no  omission  whatsoever  being  made  of  disturbed  observations. 

Tie  •  •■  Solar-diurnal  Variation  i-  obtained  by  a  similar  process,  after  the 
separation  and  omission  of  all  the  observations  which  differed  b  -mall 

and  constant  value  from  the  normals  of  the  -ame  month  and  hour.  By  this 
proce  J  and  Transitory  changes     an  in  n  verj  great 

minafed,  and  a  very  close  approximation  is  obtained  to  thi 
diurnal  action  of  the  sun  npon  the  direction  of  the  horizontal  magnet,  apart 
from  the  effects  of  disturbances.  Tbe  solar-diurnal  variation  thus  obtained  at 
Kew  i-  compared  with  results  similarly  obtained  at  ai  other  station-,  vii,  three 
stations  in  the  interior  of  the  two  great  northern  continent-,  ..ne  .  material 
station, and  two  stations  in  the  middle  latitudes  of  the  southern  hemispht 
thus  generalizing  upon  o  the  action  of  tbe  snn  in  producing 

the  phenomena  under  n 

Toe  fifth  section  i  by  a  similar  generalization  ot  the  lad 

placed  in  evidence  the  ni-annual  inequality  in  the  solar-diurnal 

variation,  bavin  Coincident ,  OT  very  nearly  SO,  "  itl] 

of  the  equator,  nnd  i  onsequentlj  on  the  eartl  i  in  it-  orbit. 

The  sun's  action  in  prouoi  ing  tbii  lemi-onnual  inequalit}  Is    bown  to  he  cl 

i  icolly  different  from  that  which  i-  manifested  in  thi  solar-diurnal  variation 
itself,  pointing  apparently  to  a  difference  in  the  mode  ol  tin  tbe 

tses. 

The  sixth  section  I  >  ibular  view  of  the   "  Lunar 

at  Kew,  in  each  of  the  live  rears  during  which  the  photogrnphii    record  has 
i  nut  .1  there  ;  this  i    followed  bj 
.  her  station  '  n  statement  oi  tl     pi         il  poi 

incut  or  of  difference  which  are  shown  thei 


This  paper  is  a  continuation  of  the  preceeding  one.  It  consists  two  of  sections, 
tbe  seventh  and  eighth.  In  the  seventh  section  the  author  discusses  the  secular 
change  and  annual  variation  of  the  declination  ;  and  iu  the  eighth  section,  the 
annual  variation  or  semi-annual  inequality  of  the  inclination  and  of  the  horiz- 
ontal and  total  magnetic  force. 

Seventh  Section. — The  position  of  the  horizontal  magnet  at  24  equidistant 
epochs  in  the  day,  tabulated  from  the  photograms  of  the  Kew  declinometer, 
with  the  omission  of  the  disturbed  observations,  as  described  in  the  former 
paper,  are  grouped  in  weekly  means,  forming  52  mean  values,  corresponding  to 
the  number  of  weeks  in  the  year.  A  table  is  given  of  these  weekly  values, 
comprehending,  in  five  colums,  the  five  years  from  January  1858  to  December 
1862,  inclusive,  and  from  these  a  sixth  column  is  formed,  representing  the  mean 
declination  in  each  of  the  52  weeks  of  a  mean  or  typical  year,  corresponding  in 
this  instance  to  the  year  1860.  The  mean  declination  obtained  from  all  the 
weekly  results  in  the  five  years,  and  corresponding  to  its  middle  epoch  July  1, 
1860,  is  21°  39'  181"  ;  and  from  a  comparison  of  the  mean  declinations  corres- 
ponding to  July  1  in  the  columns  which  severally  present  the  weekly  values  in 
the  years  from  1858  to  1862  inclusive,  the  mean  value  of  the  secular  change 
corresponding  to  the  period  comprised  in  the  table  is  deduced.  A  proportional 
part  of  the  secular  change  is  then  applied  with  its  appropriate  sign  to  each  of 
the  weekly  values  in  the  mean  or  typical  yeur.  These  should  all  correspond 
with  the  mean  declination  of  the  whole  Table  (viz.  21°  39'  1ST"),  or  should 
exhibit  only  such  small  and  unsystematic  differences  as  might  reasonably  be 
ascribed  to  casual  errors.  The  final  column  of  the  Table  contains  these  differ- 
ences, in  which  it  is  at  once  seen  that  they  divide  themselves  into  two  distinct 
categories,  distinguished  by  the  minus  sign  in  the  semi-annual  period  from  March 
21  to  September  21,  and  by  the  +  sign  from  Sept.  21  to  March  21.  Hence  the 
author  infers  the  existence  of  a  variation  in  the  declination  at  Kew  having  an 
annual  period,  and  consisting  of  a  semiannual  inequality  with  epochs  coincident, 
or  nearly  so,  with  the  sun's  passage  of  the  equator — the  magnet  being  deflected 
towards  the  east  wheu  the  sun  is  north,  and  towards  the  west  when  he  is  south 
of  the  equator.  The  amount  of  the  semiannual  inequality,  as  shown  by  tbe 
table,  averages  —  28'95"  in  the  weeks  from  March  21  to  September  21, 
and  +  29'9"  in  those  from  September  to  March.  The  whole  amount  of  the 
variation  at  Kew  is  therefore  58" '85. 

The  result  thus  obtained  from  the  observations  at  Kew  is  compared  with  the 
result  of  an  investigation  of  the  corresponding  phenomena  at  Hobarton  in  the 
Southern  hemisphere,  obtained  from  hourly  observations  of  the  declination 
during  five  years,  commencing  in  October  1843,  and  terminating  in  September 
1848.  The  observations  themselves  are  published  in  the  2nd  and  3rd  volumes  of 
the  Hobarton  Observations,  and  are  treated,  for  the  purposes  of  this  paper,  pre- 
cisely in  the  same  way  as  those  of  the  Kew  Observatory,  forming  a  table  strictly 
ntiahcruus  to  the  one,  previously  described,  at  Kew.  The  final  column  of  the 
Hobarton  Table  exhibits  the  differences,  in  each  of  the  52  weeks  of  the  typical 
year,  from  the  mean  declination  derived  from  the  whole  of  the  observations  in 
the  five  years.  The  +  and  —  signs  in  this  column  attest  in  as  striking  a 
manner  as  do  those  at  Kew,  the  existence  at  Be  barton  of  a  semi-annual  ine- 
quality of  whioh  the  epochs  coincide,  or  very  nearly  so,  with  the  sun's  passage 
Of  the  equator :  the  direction  of  the  deflection  is  the  same  as  at  Kew.  via.,  of  the 
north  end  of  the  magnet  towards  the  cast  when  the  sun  is  north  of  tile  equator, 
and  to  the  west  when  he  i-  south  of  the  equator.     The  amount  of  the   deflection 

in  tin-  first-named  semiannual  period  is,  on  the  average,  10*1"  in  each  week: 

and  in  the  opposite  semiannual  period  IS''  ;  making  together  an   annual    varia- 
tion of  88""1. 

The  author  then  refers  to  the  result  ot  a  similar  investigation  of  the  pheno- 
mena at  St.  Ilelina  in  the  equatorial  zone,  the  particulars  of  which  have  been 
already  published  in  the  2nd  volume  of  the  St.  Helena  Observations,  The 
result,  derived  from  eight  years  of  observation,  of  which  live  years  were  hourly, 
evidences  at  that  station,  also  the  existence  of  a  semi  ■annua]  inequality  with  spoons 
coinciding,  i,  with  the  equinoxes-  the  deflections  being  also  in  the 

Same  direction!  BS  those  at    Kew  and  Hobarton,  viz.,  to  the  east  when    the  -un  is 

north,  and  tothe  west  when  he  is  south,  of  the  equates;.    The  amount  Of  "the 

annual  variation    tbu-    produced  is    less   at    St.    Helena    than    at    either    Kew   or 

Hobarton  —  the  semiannual  different  iut  7".  and  the  annual  variation  II". 

The  author  remark-    that    the    difference  in    the    amount    of  deflection    at    the 

three  stations  may,  in  par:  at  least,  bs  occasioned  by  the  difference  in  amount  of 

the  an  •  the  earth-  magnetism,  tending  to  retain  the  magnet  in 

lion  in  opposition  to  all  disturbing  causes,    The  antagonistic  foroe, 

viz.  the  horizontal  component  of  the  earth's  magnetic  force,  i-  approximately 

Bt,  Helena,   lo  at    Hobarton.  and  8'B  at   Kew. 

In  a  note  appended  subsequently  to  the  delivery  of  this  paper,  viz.  on  Jans  19, 
thor  refers  to  a  similar  invest  the  phenomena  at  the  Cape 

■I  Hope,  pablishei  in  1861,  in  the  1st  volume  of  the  magnetics]  observa- 
tions at  that  station.    The  volume  contain-  the  fortnightly  means  of  the  de- 
clination from  July  I  *  I-  to  Jnlj  IfHO,  corrected  for  secular  change,  andoolleete  I 
in  Table  111.,  page 6,  ol  that  volume,    The  differences  ol  the  declination  In  each 
recte  l.  for  the  mean  declination  of  the  whole  pt  rio  I,  an  -bown 
:inal  column.    The  mean  ol  the  thirteen  fori  rears) 

mi  M  arch  86  and  Sept.  24,  is  "'i  more  sostwfy,  and  ol  the  thirteen  fort- 
I   tnd  Man  than  tbe  mean  value 

■bowing  an   annual  variation  ol  K    I,  or  a  semiannual  Inequality 

from   March  20  to  Sept.  •_'.'!. 
and  24" to  tbe  west  in  the  thirteen  fortnights  From  Sept.  •_•  t  to  March  BS.    This 

i- in  .  at    dl  tl tl.er  stations  at  which  the 

phenomena  have  been  subjected  to  n  suitable  investigation,    The  anl 

ntal  component  ol  tl srth's  magnetism  is  approsimatalj  4'6. 

Iitlt  Heel  en.     in  tie  eighth  section  the  author  examines  the  evident  o  which 
il  the  dip  and  of  the  horiaontal  component  of  the 
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monthly  determinations  from  April  1857  to  March  1863  are  exhibited  in  two 
tables,  one  appropriated  to  the  dip,  and  the  other  to  the  horizontal  force.  The 
whole'  series  of  the  determinations  of  the  horizontal  force  were  made  with  the 
same  unifiilar  magnetometer  and  the  same  collimator  magnet  throughout,  and 
also  by  the  same  observer,  Mr.  Chambers,  one  of  the  assistants  at  the  Kew 
Observatory.  In  the  monthly  determinations  of  the  dip  from  April  1857  to 
September  1860,  twelve  different  circles,  and  their  twenty-four  needles,  were 
occasionally  employed,  the  mean  of  all  the  observations  in  each  month  being 
taken  as  the  mean  result  in  that  month.  There  were  also  several  observers  in 
this  part  of  the  series,  chiefly  four.  In  the  months  from  October  1860  to  March 
1863,  one  circle  with  its  two  needles  were  the  sole  instruments,  and  Mr.  Chambers 
the  sole  observer.  The  probable  error  of  a  single  monthly  determination  of  the 
dip  in  the  first  part  of  the  series,  when  several  instruments  and  several  observers 
were  employed,  is  stated  to  be  +  0''69 ;  and  in  the  second  part  of  the  series,  ob- 
tained by  a  single  circle  and  the  same  observer  throughout,  the  probable  error  is 
+  CK-75  ;  whence  it  is  inferred  that  the  greater  number  of  partial  results  which 
contributed  to  produce  the  monthly  mean  in  the  earlier  period  more  than  coun- 
terbalanced the  diversities  which  might  have  been  occasioned  by  the  peculiarities 
of  the  different  observers  and  of  the  different  instruments.  The  probable  error 
of  a  single  monthly  determination  of  the  dip,  after  the  application  of  the  cor- 
rections for  secular  change  and  annual  variation,  is  stated  to  be  +_  0''71,  and  of  a 
single  monthly  determination  of  the  horizontal  force  derived  from  the  72  monthly 
determinations  jH  '0024. 

The  results  of  the  monthly  determination  at  Kew,  as  bearing  upon  the  ques- 
tion of  annual  variation,  may  be  briefly  stated  as  follows : — 1st.  The  dip  is  sub- 
ject to  an  annual  variation,  which,  on  the  average  of  the  six  years,  amounts  to 
l'-35 ;  consisting  of  a  semi-annual  inequality  with  epochs  coinciding,  or  very 
nearly  so,  with  the  equinoxes ;  the  mean  dip  being  on  the  average  0''65  lower 
than  its  annual  mean  value  in  the  six  months  from  April  to  September,  and 
0''7  higher  than  its  annual  mean  value  in  the  six  months  from  October  to  March. 
2nd.  That  the  horizontal  force  is  subject  to  a  semi-annual  inequality  having  the 
same  epochs — being  on  the  average  '0013  higher  than  its  annual  mean  in  each  of 
the  six  months  from  April  to  September,  and  "0013  lower  than  its  annual  mean 
in  each  of  the  months  from  October  to  March.  3rd.  That,  combining  the  results 
of  the  dip  and  horizontal  force,  the  total  terrestrial  magnetic  force  is  expressed 
in  British  units  by  10'3002  as  its  mean  value  in  the  months  from  April  to 
September,  and  by  10'30347  in  the  months  from  October  to  March, — there  being 
thus  a  difference  of  '00327,  by  which  the  intensity  of  the  magnetic  force  of  the 
earth  is  greater  in  the  months  when  the  sun  is  south  of  the  equator  than  in  the 
months  when  he  is  north  of  the  equator. 

This  conclusion  is  compared  with  the  results  obtained  in  a  corresponding 
manner  from  the  published  observations  of  the  Hobarton  Observatory,  viz.,  with 
the  monthly  determinations  of  the  horizonital  force  in  the  five  years  from 
January  1846  to  December  1850  inclusive,  and  with  those  of  the  dip  ia  the  ten 
years  from  January  1841  to  December  1850  inclusive.  Prom  these  data  the 
conclusions  are  drawn,  1st,  that  at  Hobarton  the  dip  is  subject  to  an  annual 
variation  amounting  to  1''18,  consisting  of  a  semiannual  inequality  with  epochs 
coinciding  or  nearly  so  with  the  equinoxes — the  (south)  dip  being  on  the  average 
0''59  less  in  the  months  from  April  to  September,  and  0''59  greater  in  the  months 
from  October  to  March  than  the  mean  annual  value ;  and  2nd,  that  the  horizontal 
force  is  subject  to  a  similar  semi-annual  inequality,  being  '0007  less  than  its 
mean  value  in  the  months  from  April  to  September,  and  '0005  greater  in  the 
months  from  October  to  March ;  and  combining  these  two  results,  that  the  total 
force  at  Hobarton  is  expressed  in  British  units  by  13'56882  in  the  months  from 
October  to  March,  and  by  13'55195  in  the  months  from  April  to  September ;  the 
difference,  '01687,  expresses  the  measure  of  the  greater  intensity  of  the  earth's 
magnetic  force  when  the  sun  is  south  than  when  he  is  north  of  the  equator. 

The  author  concludes  this  section  of  his  investigations  by  drawing  the  atten- 
tion of  the  Royal  Society  to  this  concurrent  evidence,  from  the  observations  of 
the  three  observatories  situated  in  parts  of  the  globe  so  distant  from  each  other, 
of  a  semi-annual  inequality  having  such  strong  features  of  resemblance  in  both 
hemispheres,  and  remarks  that  it  seems  difficult  to  assign  such  effects  to  any 
other  than  to  a  cosmical  cause.  The  "inequalities"  may  in  themselves  seem  to 
be  small ;  but  judged  of  scientifically,  i.  e.,  in  the  proportion  they  bear  to  their 
respective  probable  errors,  they  are  large. 


EXPERIMENTS  MADE  AT  WATFORD  ON  THE  VIBRATIONS  OCCA- 
SIONED BY  RAILWAY  TRAINS  PASSING  THROUGH  A  TUNNEL. 

By  Sir  James  South,  LL.D.,  P.R.S.,  Membee  op  tiie  Boaed  of  Visitoes 
op   the   Royal  Obseevatoey,  Geeenwich. 

These  experiments  were  made  in  consequence  of  an  attempt  in  1846  to  run  a 
line  of  railway  through  Greenwich  Park,  in  what  seemed  to  several  competent 
judges  a  dangerous  proximity  to  the  Royal  Observatory. 

It  was  abandoned,  but  (as  Sir  James  South  was  informed)  only  for  a  time  ;  and 
he  thought  it  right  to  make  some  examination  of  the  probable  effects  of  such  a 
vicinit}',  especialty  as  to  the  power  of  a  tunnel  in  deadening  the  vibrations. 

The  Watford  tunnel  was  chosen  as  the  observing  station,  being,  on  the  high 
authority  of  Mr.  Warburton,  in  ground  very  analagous  to  that  on  which  the 
Royal  Observatoiy  stands ;  and  every  facility  for  making  observations  was 
afforded  by  the  late  Earl  of  Essex,  through  whose  park  "and  preserves  this 
tunnel  passes. 

_  As  the  chief  inconvenience  to  be  feared  from  the  proposed  railway  was  the 
disturbance  of  the  observations  by  reflection  in  mercury,  it  seemed  best  to  take  a 
series  ot  these  uncer  circumstances  as  nearly  as  possible  resembling  those  which 
might  be  expected  at  Greenwich.  An  Observatory  was  therefore  erected,  in 
which  a  large  and  powerful  transit-instrument  was  mounted,  with  all  the  atten- 
tion to  stability  that  could  be  given  in  a  first-class  Observatory ;  and  it  had 


sufficient  azimutnal  motion  to  enable  the  observer  to  follow  the  Pole-star  in  its 
who'e  course ;  so  that  night  or  day  (if  clear),  he  could  have  the  reflected  image 
of  the  star  in  the  mercurial  vessel,  ready  to  testify  against  the  tremors  caused  by 
any  train. 

The  distance  of  the  vessel  from  the  nearest  part  of  the  tunnel  was  302  yards, 
that  proposed  for  Greenwich  being  286  yards.  The  length  of  the  tunnel  is  1812 
yards  ;  its  southern  or  London  end  is  643  yards  from  where  the  mercury  was 
placed,  its  northern  or  Tring  end  1281  yards ;  and  about  64  feet  of  chalk  and 
gravel  lie  above  the  brickwork  of  its  crown.  The  author's  preparations  were 
not  complete  till  December  1846,  and  then  a  continuance  of  cloudy  weather  in- 
terfered with  observation  till  January  the  11th,  1847,  when  and  on  the  following 
nights  he  obtained  results  so  decisive  that  he  felt  it  his  duty  to  communicate 
them  at  once  to  the  then  first  Lord  of  the  Admiralty,  the  late  Lord  Auckland, 
who  was  so  satisfied  with  them  that  in  a  letter  to  Sir  James,  dated  "  Admiralty, 
Jan.  26,  1847,"  he  recorded  the  impression  they  had  made  on  his  mind  in  the 
following  terms  : — "  They  would  be  quite  conclusive  if  the  question  of  carrying 
a  tunnel  through  Greenwich  Park  were  again  to  be  agitated."  Sir  James, 
however,  continued  the  work  to  the  end  of  March. 

With  the  ordinary  disturbance  to  which  an  Observatory  is  liable  (as  wind, 
carriages,  or  persons  moving  near  it)  the  reflected  image  of  a  star  breaks  up  into 
a  line  of  stars,  perpendicular  to  the  longest  side  of  the  mercury  vessel.  With 
increased  agitation,  another  line  of  stars  perpendicular  to  the  first  appears,  making 
a  cross.  With  still  more  the  cross  becomes  a  series  of  parallel  lines  of  stars ; 
still  more  makes  the  image  oscillate ;  and  at  last  all  becomes  a  confused 
mass  of  nebulous  light.  The  first  of  these  (the  line)  is  not  injurious  to  one  class 
of  observations ;  but  the  others  are,  and  therefore  the  second  (the  cross)  was 
taken  as  a  measure  of  the  beginning  and  end  of  injurious  disturbance.  Signal 
shots  were  tired  when  a  train  passed  the  southern  entrance  of  the  tunnel,  and  a 
shaft  1162  yards  from  it.  Honce  the  train's  velocity  was  obtained,  and  thence 
its  position  at  any  given  time. 

Upwards  of  230  observations  are  given  in  detail,  and  their  most  important 
results  are  shown  in  a  table,  which  contains  the  date,  the  distances  at  which  the 
cross  of  stars  begins  and  ceases  to  be  visible,  those  at  which  the  series  of  parallel 
lines  is  seen,  the  velocity  in  miles  per  hour,  the  weight  of  each  engine,  and  also* 
the  length  and  weight  of  each  train  (when  it  could  be  identified). 

This  table  proves  that  in  all  cases  but  one  (which  in  fact  is  scarcely  an  excep- 
tion) there  is  sufficient  vibration  to  excite  the  cross  at  670  yards,  and  that  in 
24  per  cent,  of  the  number  it  is  seen  beyond  1000,  its  maximum  being  1170.  At 
the  southern  end  such  disturbances  reach  far  beyond  the  tunnel,  while  at  the 
north  they  fall  within  it.  From  comparing  them  in  the  two  cases,  the  author 
infers  that  the  train's  agitation  extends  laterally  as  far  when  it  is  in  the  tunnel 
as  when  in  the  open  cutting.  The  amount  of  disturbance  does  not  depend  solely 
on- the  velocity  and  weight  of  the  train,  but  also  on  other  circumstances,  of 
which'prolonged  action  and  length  of  train  are  the  chief.  In  one  instance,  with  only 
a  velocity  of  11'4  miles,  the  cross  was  seen  at  1110  yards— a  proof  that  no  regu- 
lation of  the  speed  in  passing  an  Observatory  at  a  distance  of  300  or  400  yards 
would  be  of  any  avail. 

The  system  of  parallel  lines  is  only  seen  between  lines  making  angles  of  45° 
withtheperpendicular  to  the  rails,  that  is,  at  distances  under  427  yards ;  it  scarcely 
ever  is  produced  unless  the  cross  be  visible  beyond  1000  yards. 

These  forms  are  also  produced  by  the  reports  of  cannon  of  twelve  ounces 
calibre,  at  distances  from  300  to  3000  yards ;  in  the  last  case  there  is  but  a  faint 
trace  of  the  cross.  In  all,  the  appearance  is  momentary,  not  lasting  in  any  case 
more  than  a  second  and  a  half.  They  are  not  produced  by  the  roar  of  a  two- 
pound  rocket  fired  82  feet  from  the  mercury,  though  very  loud.  When  the 
cannon  were  fired  in  the  tunnel,  where  the  perpendicular  meets  it,  two  sets  of 
tremors  were  seen — one,  he  believes,  propagated  through  the  ground,  the  oilier 
through  the  air  about  a  second  later,  the  sound  escaping  probably  through  the 
shafts.  Attempts  were  made  to  substantiate  or  refute  this  hypothesis  ;  but  the 
difficulties  of  rapidly  shifting  and  mishitting  the  coverings  prepared  for  the  pur- 
pose were  such  as  to  compel  him  to  relinquish  them. 

These  observations  were  reduced  in  1847 ;  but  conceiving  all  danger  to  the 
Royal  Observatory  was  past,  the  author  did  uot  think  it  necessary  then  to  pro- 
ceed with  them.  As,  however,  no  Observatory  can  now  be  considered  secure 
from  railway  injury,  he  wishes  to  make  them  public,  in  hopes  that  they  may  be 
useful,  not  only  to  practical  astronomy,  but  to  some  other  departments  of  science. 


INSTITUTION  Of   CIVIL   ENGINEERS. 


The  Council  of  the  Institution  of  Civil  Engineers  have  awarded  the  fol- 
lowing premiums  for  the  session  1862-63  : — 

1.  A  Telford  Medal,  and  a  Telford  Premium,  in  books,  to  John  Brunton, 
M.  Inst.  C.E,  for  his  "  Description  of  the  Line  of  Works  of  the  Scinde 
Railway." 

2.  A  Telford  Medal,  and  a  Telford  Premium,  in  books,  to  James  Robert 
Mosse,  M.  Inst.  C.E.,  for  his  paper  on  "American  Timber  Bridges." 

3.  A  Telford  Medal,  and  a  Telford  Premium,  in  books,  to  Zerah  Colburn, 
for  his  paper  on  "  American  Iron  Bridges." 

4.  A  Telford  Medal,  and  a  Telford  Premium,  in  books,  to  Harrison 
Hayter,  M.  Inst.  C.E.,  for  his  paper  on  "  The  Charing  Cross  Bridge." 

5.  A  Telford  Premium,  in  books,  to  William  Michael  Peniston,  M.  Ins'. 
C.E.,  for  his  paper  on  "Public  Works  in  Pernambuco..  in  the  Empire  of 
Brazil." 

6.  A  Telford  Premium,  in  books,  to  William  Henry  Preece,  Assoc.  Inst. 
C.E.,  for  his  paper  "  On  Railway  Telegraphs,  and  the  Application  of  Elec- 
tricity to  the  Signalling  and  Working  of  Trains." 
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7.  A  Telford  Premium,  in  books,  to  Alexander  Woodlands  Makinson, 
!M.  Inst.  C.E.,  for  his  paper  "On  some  of  the  Internal  Disturbing  Forces  of 
Locomotive  Engines." 

8.  A  Telford  Premium,  in  books,  to  Daniel  Miller,  for  his  paper  on 
"Structures  in  the  Sea,  without  Cofferdams, — with  a  Description  of  the 
Works  of  the  New  Albert  Harbour  at  Greenock." 

9.  A  Telford  Premium,  in  books,  to  Robert  Crawford,  Assoc.  Inst.  C.E., 
for  his  paper  on  "The  Railway  System  of  Germany." 

10.  A  Telford  Premium,  in  books,  to  William  Cudworth,  M.  Inst.  C.E., 
for  his  paper  on  "  The  Hownes  Gill  Viaduct,  on  the  Stockton  and  Darling- 
ton Railway." 

11.  A  Telford  Premium,  in  books,  to  James  Grant  Eraser,  M.  Inst.  C.E., 
for  his  paper  "  Description  of  the  Lydgate  and  of  the  Buckhorn  Weston 
Railway  Tunnels." 

12.  A  Watt  Medal,  and  the  Manby  Premium,  in  books,  to  John  Eernie, 
Assoc.  Inst.  C.E.,  for  his  paper  "On  the  Manufacture  of  Duplicate  Machines 
and  Engines." 

The  following  are  the  subjects  for  premiums  for  the  session  1863-61 : — 

1.  On  the  Decay  of  Materials  in  Tropical  Climates,  and  the  methods 
employed  for  arresting  and  preventing  it. 

2.  On  the  Theory  of  Metal  and  Timber  Arches. 

3.  On  the  Theory  and  Details  of  Construction  of  Wrought  Iron  Girder 
Bridges. 

4.  On  Land-slips,  with  the  best  means  of  preventing  or  arresting  them, 
with  examples. 

5.  On  the  Pressure  of  Earth  on  Tunnels,  and  the  conditions  which  limit 
its  amount. 

6.  On  the  Theory  and  Practice  of  Artesian  Well-boring,  and  of  sinking 
large  shafts,  as  now  practised  on  the  Continent. 

7.  On  the  result  of  contrivances  for  facilitating  the  Driving  of  Tunnels, 
or  Drifts  in  Rock. 

8.  On  the  Principles  to  be  observed  in  Laying-out  lines  of  Railway 
through  mountainous  countries,  with  examples  of  their  application  in  the 
Alps,  the  Pyrenees,  the  Indian  Ghauts,  the  Rocky  Mountains  of  America, 
and  similar  cases. 

9.  On  the  best  means  of  preserving  Railways  in  Alpine  countries  from 
interruptions  from  snow. 

10.  On  the  result  of  recent  experience  in  Iron  Permanent  Way. 

11.  On  the  Principles  to  be  observed  in  the  designing  and  arrangement 
of  Terminal  and  other  Railway  Stations,  Repairing  Shops,  Engine  Sheds, 
ice.,  with  reference  to  the  traffic  and  the  rolling  stock. 

12.  On  Railway  Perries,  or  the  Transmission  of  Railway  Trains  entire 
across  Rivers,  Estuaries,  &c. 

13.  On  Locomotive  Engines  fir  ascending  Steep  Inclines,  specially  when 
in  combination  with  sharp  curves,  on   Railway*. 

1 f.  On  the  Working  of  Locomotive  Engines  in  Long  Tunnels,  with 
frequent  Stations. 

15.  On  the  Results  of  the  Application  of  Gifl'ard's  Injector  to  the  Boilers 
of  Locomotive  and  other  Engine*. 

16.  On  the  Working  Expenses  of  Railways,  and  the  influence  on  these 
of  the  original  design  and  construction. 

17.  On  the  Results  of  a  series  of  observations  on  the  Flow  of  Water 
from  the  Ground,  in  any  large  district  ;  with  accurately  recorded  Rain- 
Gauge  Registries,  in  the  same  locality  for  a  period  of  not  less  than  twelve 
months. 

18.  On  the  Construction  of  Catch-water  Reservoirs  in  Mountain  l)is- 
tricts,  for  the  supply  of  Towns,  or  for  Manufacturing  purposes. 

10.  Accounts  of  existing  Water-works;  including  the  sonrce  of  supply, 
n  description  of  the  different  m  idea  of  collecting  and  filtering,  the  distri- 
bution tbionghout  the  streets  "i  rowns,  aud  the  general  practical  results. 

20.  On  the  Rest  Means  of  Improving  the  Water  Supply  of  the  Me- 
tropolis. 

21.  On  the  Structural  Details,  and  the  Results  in  Use,  of  Apparatus  for 
the  Filtration  of  large  volumes  of  Water. 

22.  On  the  Drainage  and  Sewerage  of  large  Towns;  exemplified  by  ac- 
counts of  the  systems  al  present  pursued,  with  regard  to  the  level  and 
position  of  the  outfall,  the  form,  dimensions,  and  '.Materials  of  the  -ewers. 
the  prevention  of  emanations  from  them,  the  arrangements  for  connecting 
the  house  drains  with  the  public  sewers,  the  bast  means  of  limiting  the 
contamination   of  river   from   the  sewage  discharged   Into   th.in,   and   the 

disposal  of  the  sewage,  whether  In  a  liquid  forn  iti or  in  a  Buhl 

form,  as  tie  i  lorisal  i  i  i. 

28.  On  the  Results  of  the  Employment  of  Steam  I  -  ami 

of  other  measures  for  the  [mprovem  nvcy. 
ance  for  heavy  traffic. 

21.  On  Iron  Paving,  and  a  comparison  attained  I 
and  by  stone  block  paving,  £e. 

2.",.  .\  History  of  any  Freeh  Water  Channel,  1  iry, — 

npanied    by    plans    and    longitudinal  and  iding 

notices  of  any   i  it,  and  of  the 


effects  of  the  works;  particularly  of  the  relative  value  of  Tidal  and  Fresh 
Water,  and  of  the  effect  of  Enclosures  from  the  Tidal  Area  upon  the 
general  regime,  of  Sluicing  where  applied  to  the  improvement  of  the 
entance  or  the  removal  of  a  Bar,  and  of  Groynes,  or  Parallel  Training 
Walls.  Also  of  Dredging,  with  a  description  of  the  Machinery  employed, 
and  the  cost  of  raising  and  depositing  the  material. 

26.  On  the  Results  of  a  Serie?  of  Observations,  illustrative  of  the 
modification?  which  the  tidal  wave  undergoes  in  its  passage  up  and  down 
a  river,  or  estuary. 

27.  On  the  Construction  of  Tidal,  or  other  Dams,  in  a  constant,  or 
variable  depth  of  water;  and  on  the  use  of  wrought  iron  in  their  con- 
struction. 

29.  On  Graving  Docks  and  mechanical  arrangements  having  similar 
objects,  with  the  conditions  determining  their  relative  applicability  in  par- 
ticular cases,  as  dependent  on  the  rise  of  tide,  the  depth  of  water,  and 
other  circumstances. 

30.  On  the  Arrangement  and  Construction  of  Floating  Landing  Stages, 
for  passenger  and  olher  traffic,  with  existing  examples. 

31.  On  the  different  systems  of  Swing,  Lifting,  and  other  opening 
Bridges,  with  existing  examples. 

32.  On  the  Construction  of  Lighthouses,  their  Machinery,  and  Lighting 
Apparatus;  with  notices  of  methods  in  use  for  distinguishing  the  different 
Lights. 

33.  On  the  Measure  of  Resistance  to  Steam  Vessels  at  high  Velocities. 
31.  On  the  results  of  the  use  of  Tubular   Boilers,  and  of  Steam   at  an 

increased  pressure,  with  or  without  superheating,  for  Marine  Engines, 
noticing  particularly  the  difference  in  weight  and  in  speed,  in  proportion  to 
the  Horse-power  and  the  Tonnage. 

35.  On  the  relative  advantages  of  the  Principle  of  Expansion,  as  applied 
in  the  Single  long-stroke  Cylinder  Engine,  in  the  Double  Cylinder  Engine, 
and  in  the  three  Cylinder  Engine ;  and  on  the  adaptation  of  the  two  latter 
to  marine  purposes. 

36.  On  the  Principles  and  Varieties  of  Construction  of  Blast  Engines, 
with  British  and  Foreign  examples. 

37.  On  the  best  description  of  Steam  Fire  Engines,  and  their  power  and 
efficiency,  its  compared  with  ordinary  hand  Fire  Engines. 

38.  On  the  construction  of,  and  the  comparative  duty  performed  by, 
modern  Pumping  Engines  for  raising  Water,  for  the  supply  of  Towns,  or 
for  the  Drainage  of  Mines  ;  noticing,  in  the  latter  case,  the  depth  and 
length  of  the  underground  workings,  the  height  of  the  surface  above  the 
sea,  the  geological  formation,  the  coutinguity  of  streams,  &c. 

39.  On  Turbines  and  other  Water  Motors  of  a  similar  character ;  and 
their  construction  and  performance,  in  comparison  with  Water-wheels. 

■10.  On  the  present  systems  of  Smelting  Iron  Ores  ;  and  on  the  conver- 
sion of  cast-iron  into  the  malleable  state,  and  of  the  manufacture  of  iron 
generally,  comprising  the  distribution  and  management  of  Iron  Works. 

41.  On  the  Manufacture  of  Iron  for  Rails  and  Wheel  Tyres,  having 
special  reference  to  the  increased  capability  of  resisting  lamination  and 
abrasion;  and  accounts  of  the  Machinery  required  for  rolling  heavy  Rails, 
Shafts,  and  bars  of  Iron  of  large  sectional  area. 

12.  On  the  Manufacture  of  large  Masses  of  Iron  for  the  purpose  of 
Warfare,  as  Armour  Plates,  etc. 

43.  On  the  construction  of  Rifled  and  Breech-loading  Artillery;  and  on 
Initial  Velocity,  Range  and  Penetration  of  Rifled  Projectiles,  and  the  in- 
fluence of  Atmospheric  Resistance. 

II.  On  the  use  of  Steel  liars  and  Plates  in  Engine-work,  and  Machinery 
for  Boilers  and  for  Shipbuilding,  as  well  as  for  Bridges. 

46.  On  the  use  of  Steel  in  the  Construction  of  Locomotive  Engines, 
especially  with  reference  to  durability  and  the  cost  of  repairs,  in  tyres  and 
cranked  axles,  as  compared  with  Iron  of  acknowledged  good  quality, 

16.  On  the  Bessemer. and  other  pi  icessej  of  Steel-making;  on  the 
present  state  of  the  steel  Manufacture  on  the  Continent  of  Europe  ;  and 
on  the  employment   of  castings  in  steel  for  Railway  Wheels  and  other 

objects. 

17.  <in  the  safe  working  itrentrth  of  Iron  nnd  Steel,  including  the  results 
of  experiments  on  the  Elastic  Limit  of  long  bars  of  Iron,  and  on  the  rate 
of  decay  by  rusting,  4c.,  nnd  nnder  prolonged  -trains. 

18    <»n   the   Transmission   of    Electrical   signals  through   Submarine 

10,  On    the  present    relative   position    ol    English    and    Continental 
Engineering  Manufactories,  especially  with  reference  to  their  comparative 
positions  in  reaped  of  thi  cost,  and  the  character  of  the  work  produced. 
50.  Memoirs  and  accounts  of  the  Works  and   Inventions  of  any  of  the 

following   Engii rs  :     sir  Hugh    Middleton,   Art  Inn-   Woolf,  Jonathan 

rlornblower,  Richard  Trevlthick,  William  Murdoch  (of  Soho),  Alexander 
Niinmo,  ami  John  Rennie. 

rinal  Papers,  Reports,  or  designs,  of  these,  or  other  eminent,  indi- 
viduals, are  particularlj  valuable  I      the  Librnrj  of  the  Institution. 

it  r  Pi emimii      -  id  to   Members,  or  Asio- 

■  i  all   p  rs  ms,  whether 
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The  Chemical  Society. 
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Tbe  Council  will  not  consider  themselves  bound  to  award  any  Premium, 
should  the  communication  not  be  'of  adequate  merit,  but  they  will  award 
more  than  one.  Premium,  should  there  be  several  communications  on  the 
same  subject  deserving  the  mark  of  distinction. 

The  communications  must  be  forwarded,  on  or  before  the  1st  of  January, 
1864,  to  the  house  of  the  Institution,  No.  25,  Great  George  street, 
Westminster,  S.W.,  where  further  information  may  be  obtained. 


THE   CHEMICAL   SOCIETY. 


ON  SOME  EFFECTS  OF  HEAT  ON   FLUIDS. 

Br  W.  R.  Geove,  Esq.,  Q.C.,  F.E.S.,  Etc. 

The  paper  of  M.  Donny  (Memoircs  de  VAcademie  Royale  de  Sru.relles,  1843) 
makes  known  the  fact  that  in  proportion  as  water  is  deprived  of  air,  the  character 
of  its  ebullition  changes,  becoming  more  and  more  abrupt,  and  boiling  like 
sulphuric  acid  with  sozibresauts,  and  that  between  each  burst  of  vapour  the 
water  reaches  a  temperature  above  its  boiling  point.  To  effect  this,  it  is  necessary 
that  the  water  be  boiled  in  a  tube  with  a  narrow  orifice,  through  which  the 
vapour  issues  ;  if  it  be  boiled  in  an  open  vessel,  it  continually  re-absorbs  air  and 
boils  in  the  ordinary  way. 

In  my  experiments  on  the  decomposition  of  water  by  heat,  I  found  that  with 
the  oxy-hydrogen  gas  given  off  from  ignited  platinum  plunged  into  water,  there 
was  always  a  greater  or  less  quantity  of  nitrogen  mixed;  this  I  could  never 
■entirely  get  rid  of,  and  I  was  thus  led  into  a  more  careful  examimation  of  the 
phenomenon  of  boiling  water,  and  set  before  myself  this  problem — what  will  be 
the  effect  of  heat  on  water  perfectly  deprived  of  air  or  gas  ? 

Two  copper  wires  were  placed  parallel  to  each  other  through  the  neck  of  a 
Florence  flask,  so  as  nearly  to  touch  the  bottom  ;  joining  the  lower  ends  of  these 
was  a  fine  platinum  wire,  about  ljin.  long,  and  bent  horizontally  into  a  curve. 
Distilled  water  which  had  been  well  boiled,  and  cooled  under  the  receiver  of  an 
air-pump,  was  poured  into  this  flask  so  as  to  fill  about  one-fourth  of  its  capacity 
It  was  then  placed  under  the  receiver  of  an  air-pump,  and  one  of  the  copper 
wires  brought  in  contact  with  a  metallic  plate  covering  the  receiver,  the  other 
bent  backwards  over  the  neck  of  the  flask,  and  its  end  made  to  rest  on  the  pump 
plate.  By  this  means,  when  the  terminal  wires  from  a  voltaic  battery  were 
made  to  touch,  the  one  the  upper  and  the  other  the  lower  plate,  the  platinum 
wire  would  be  heated,  and  the  boiling  continued  indefinitely  in  the  vacuum  of  a 
very  excellent  air-pump.  Tbe  effect  was  very  curious ;  the  water  did  not  boil, 
but  at  intervals  a  burst  of  vapour  took  place,  dashing  the  water  against  the 
sides  of  the  flask,  some  escaping  into  the  receiver.  (There  was  a  projection  at 
the  central  orifice  of  the  pump  plate  to  prevent  this  overflow  getting  into  the 
exhausting  tube.) 

After  each  sudden  burst  of  vapour,  the  water  became  perfectly  tranquil, 
without  a  symptom  of  ebullition  until  the  next  burst  took  place.  These  sudden 
bursts  occurred  at  measured  intervals,  so  nearly  equal  in  time  that,  had  it  not 
been  for  the  escape  from  the  flask,  at  each  burst,  of  a  certain  portion  of  water, 
the  apparatus  might  have  served  as  a  timepiece. 

I  showed  this  experiment  at  one  of  my  lectures  at  the  time,  as  affording  an 
illustration  of  the  action  of  the  geysers,  of  which  it  seemed  to  me  to  afford  a 
rational  explanation.  Supposing  a  source  of  heat  at  a  certain  depth  beneath  the 
earth's  surface,  and  subterranean  wells  whose  onty  communication  with  the 
air  was  a  narrow  tube,  probably  formed  by  the  issue  of  vapour,  the  air,  if  any, 
dissolved  in  the  water  of  these  wells  would  be  expelled,  and  the  boiling  would 
take  place  at  intervals  and  by  sudden  bursts  instead  of  in  the  ordinary  wa3'. 

This  experiment,  though  instructive,  did  not  definitely  answer  the  question  I 
had  proposed,  as  I  could  not  of  course  ascertain  whether  there  was  some  minute 
residuum  of  gas  which  would  form  the  nucleus  for  each  ebullition,  and  I  pro- 
ceeded with  others.  A  tube  of  glass,  5ft.  long,  and  ^jyths  inch  internal  diameter, 
was  bent  into  a  V  shape ;  into  one  end  a  loop  of  platinum  wire  was  hermetically 
sealed  with  great  care,  and  the  portion  of  it  in  the  interior  of  the  tube  was 
platinised.  When  the  tube  had  been  well  washed,  distilled  water,  which  had 
been  purged  of  air  as  before,  was  poured  into  it  to  the  depth  of  8  inches,  and 
the  rest  of  the  tube  filled  with  olive  oil ;  when  the  V  was  inverted,  the  open 
end  of  the  tube  was  placed  in  a  vessel  of  olive  oil,  so  that  there  would  be 
8in.  of  water  resting  on  the  platinum  wire,  separated  from  the  external  air  by  a 
column  of  4ft.  4iu.  of  oil.  The  projecting  exterminals  of  the  platinum  wire 
were  now  connected  with  the  terminals  of  a  voltaic  battery  and  the  water 
lieated  ;  some  air  was  freed  and  ascended  to  the  level  of  the  tube — this  was  made 
to  escape  by  carefully  inverting  the  tube  so  as  not  to  let  the  oil  mix  with  the 
water,  and  tbe  experiment  continued.  After  a  certain  time  the  boiling  assumed 
a  uniform  character,  not  by  such  sudden  bursts  as  in  the  Florence  flask  experi- 
ment, but  with  larger  and  more  distinct  bursts  of  ebullition  than  in  its  first 
boiling. 

The  object  of  platinising  the  wire  was  to  present  more  points  for  the  ebullition, 
and  to  prevent  soubresauts  as  much  as  possible. 

The  experiment  was  continued  for  manjr  hours,  and  in  some  repetitions  of  it 
for  days.  After  the  boiling  had  assumed  a  uniform  character,  the  progress  of 
the  vapour  was  carefully  watched,  and  as  each  burst  of  vapour  condensed  in  the 
oil,  which  was  kept  cool,  it  left  a  minute  bead  of  gas,  which  ascended  through 
the  oil  to  the  bend  of  the  tube :  a  bubble  was  formed  here  which  did  not 
seem  at  all  absorbed  by  the  oil.  This  was  analysed  by  a  eudiometer,  which  I 
will  presently  describe,  and  proved  to  be  nitrogen.  The  beads  of  gas,  when 
viewed  through  a  lens  and  micrometer  scale  at  the  same  height  in  the  tube, 
appeared  as  nearly  as  may  be  of  the  same  size.  No  bubble  of  vapour  was  con- 
densed completely,  or  without  leaving  this  residual  bubble.     The  experiment 


was  frequently  repeated,  and  continued  until  the  water  was  so  nearly  boiled 
away,  that  the  oil,  when  disturbed  by  the  boiling,  nearly  touched  the  platinum 
wire  ;  here  it  was  necessarily  stopped. 

To  avoid  any  question  about  the  boiling  being  by  electrical  means,  similar 
experiments  were  made  with  a  tube,  without  a  platinum  wire,  closed  at  its 
extremity,  and  the  boiling  was  produced  by  a  spirit  lamp.  The  effects  were  the 
same,  but  the  experiment  was  more  difficult  and  imperfect,  as  the  bursts  of 
vapour  were  more  sudden,  and  the  duration  of  the  intervals  more  irregular. 

The  beads  of  gas  were  extremely  minute,  just  visible  to  the  naked  eye.  I 
cannot  find  any  record  of  their  exact  measure. 

In  these  experiments  there  was  no  pure  boiling  of  water,  i.e.,  no  rupture  of 
cohesion  of  the  molecules  of  water  itself,  but  the  water  was  boiled,  to  use 
M.  Donny 's  expression,  by  evaporation  against  a  surface  of  gas. 

It  is  hardly  conceivable  that  air  could  penetrate  through  such  a  column  of 
oil,  the  more  so  as  the  oil  did  not  perceptibly  absorb  the  nitrogen  freed  by  the 
boiling  water  and  resting  in  the  bend  of  the  tube;  but,  to  meet  this  conjectural 
difficulty,  the  following  experiment  was  made.  A  tube,  1ft.  long  and  fWths  inch 
internal  diameter,  bent  into  a  slight  angle,  had  a  bulb  of  fin.  diameter  blown  on 
it  at  the  angle ;  this  angle  was  about  3in.  from  one  end  and  9in.  from  the 
other ;  a  loop  of  platinum  wire  was  sealed  into  the  shorter  leg,  and  the  whole 
tube  and  bulb  filled  with  and  immersed  into  mercury  ;  water,  distilled  and 
purged  of  air  as  before,  was  allowed  to  fill  the  short  leg,  and  by  carefully 
adjusting  the  inclination,  the  water  could  be  boiled  so  as  to  allow  bubbles  to 
ascend  into  the  bulb  and  displace  the  mercury.  The  effect  was  the  same  as 
with  the  oil  experiment,  no  ebullition  without  leaving  a  bead  of  gas  ;  the  gas 
collected  in  the  bulb,  and  was  cut  off  by  what  may  he  termed  a  valve  of  mer- 
cury, from  the  boiling  water,  then  allowed  to  escape,  and  so  on.  The  experiment 
was  continued  for  many  days,  and  the  bubbles  analysed  from  time  to  time; 
they  proved,  as  before,  to  be  nitrogen,  and,  as  before,  continued  indefinitely. 

A  similar  experiment  was  made  without  the  platinum  wire,  and  though,  from 
the  greater  difficulties,  the  experiment  was  not  so  satisfactory,  the  result  was 
the  same. 

As  the  mercury  of  the  common  barometer  will  keep  air  out  of  its  vacuum  for 
years,  if  not  for  centuries,  there  could  be  no  absorption  here  from  the  external 
atmosphere,  and  I  think  I  am  fairly  entitled  to  conclude  from  the  above  experi- 
ments,-— which  I  believe  went  far  bej'ond  an}'  that  have  been  recorded, — that 
no  one  has  yet  seen  the  phenomenon  of  pure  water  boiling,  i.e.,  of  the  disruption 
of  the  liquid  particles  of  the  oxy-hydrogen  compound  so  as  to  produce  vapour 
which  will,  when  condensed,  become  water,  leaving  no  permanent  gas.  Possibly, 
in  my  experiment  of  the  decomposition  of  water  by  ignited  platinum,  it  may  be 
that  the  sudden  application  of  intense  heat,  and  iu  some  q  uantity,  so  forces 
asunder  the  molecules  that,  not  having  sufficient  nitrogen  dissolved  to  supply 
them  with  a  nucleus  for  evaporation,  the  integral  molecules  are  severed,  and 
decomposition  takes  place.  If  this  be  so,  and  it  seems  to  me  by  no  means  a 
far-fetched  theory,  there  is  probably  no  such  thing  as  boiling,  properly  so  called, 
and  the  effect  of  heat  on  liquids  in  which  there  is  uo  dissolved  gas  may  be  to 
decompose  them. 

Considerations  such  as  these  led  me  to  try  the  effect  of  boiling  on  an  elemen- 
tary liquid,  and  bromine  occurred  as  the  most  promising  one  to  work  upon.  As 
bromine  could  not  be  boiled  in  contact  with  water,  oil,  or  mercury,  the  following 
plan  was  ultimately  devised.  A  tube,  4ft.  long  and  -njths  inch  diameter,  had  a 
platinum  loop  sealed  into  one  closed  extremity  ;  bromine  was  poured  into  the 
tube  to  the  height  of  4in. ;  the  open  end  of  the  tube  was  then  drawn  out  to  a 
fine  point  by  the  blow-pipe,  leaving  a  small  orifice ;  the  bromine  was  then 
heated  by  a  spirit  lamp ;  and  when  all  the  air  was  expelled,  and  a  jet  of  bromine 
vapour  issued  from  the  point  of  the  tube,  it  was  sealed  by  the  blow-pipe.  There 
was  then,  when  the  bromine  vapour  had  condensed,  a  vacuum  in  the  tube  above 
the  bromine.  The  platinum  loop  was  now  heated  by  a  voltaic  battery  and  the 
bromine  boiled :  this  was  continued  for  some  time,  care  being  taken  that  the 
boiling  should  not  be  too  violent.  At  tbe  end  of  a  certain  period — from  half- 
an-hour  to  an  hour — the  platinum  loop  gave  way,  being  corroded  by  the  bromine : 
the  quantity  of  this  had  slightly  decreased.  On  breaking  off,  under  water,  the 
point  of  the  tube,  the  water  mounted  and  showed  a  notable  quantity  of  per- 
manent gas,  which  on  analysis  proved  to  be  pure  oxygen.  As  much  as  a  quarter 
of  a  cubic  inch  was  collected  at  one  experiment.  The  platinum  wire,  which  had 
severed  at  the  middle,  was  covered  with  a  slight  black  crust,  which,  suspecting  . 
to  be  carbon,  I  ignited  by  a  voltaic  spark  in  oxygen  in  a  small  tube  over  lime 
water ;  it  seemed  to  give  a  slight  opalescence  to  the  liquid,  but  the  quantity  was 
so  small  that  the  experiment  was  not  to  be  relied  on.  No  definite  change  was 
perceptible  in  the  bromine ;  it  seemed  to  be  a  little  darker  in  colour  and  had  a 
few  black  specks  floating  in  it,  which  I  judged  to  be  minute  portions  of  the 
same  crust  which  had  formed  on  the  platinum  wire,  and  which  had  become 
detached. 

The  experiment  was  repeated  with  chloride  of  iodine,  and  with  the  same 
result,  except  that  the  quantity  of  oxygen  was  greater ;  I  collected  as  much  as 
half  a  cubic  inch  in  some  experiments^  from  an  equal  quantity  of  chloride  of 
iodine,  the  platinum  wire,  however,  was  more  quickly  acted  on  than  with  the 
bromine,  and  the  glass  of  the  tube  around  it  to  some  extent. 

Melted  phosphorus  was  exposed  to  the  heat  of  the  voltaic  disruptive  discharge 
by  taking  this  between  platinum  points  in  a  tube  of  phosphorus,  similarly  to 
an  experiment  of  Davy's,  but  with  better  means  of  experimenting  ;  a  consider- 
able quantity  of  phosphuretted  hydrogen  was  given  off,  amounting  in  several 
experiments  to  more  than  a  cubic  inch. 

A  similar  experiment  was  made  with  melted  sulphur  and  sulphuretted  hy- 
drogen given  off,  but  not  in  such  quantities  as  the  phosphuretted  hydrogen.  I 
tried  in  vain  to  carry  on  these  experiments  beyond  a  certain  point :  the  sub- 
stance became  pasty,  mixed  with  platinum  from  the  arc,  and  from  the  difficulty 
of  working  with  the  same  freedom  as  when  they  were  fresh,  the  glass  tubes  were 
always  broken  after  a  certain  time.  Had  I  time  for  working  on  the  subject  now, 
I  should  use  the  discharge  from  the  Rhumkorf  coil,  which  had  not  been  invented 
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at  the  period  of  these  experiments.  At  a  subsequent  period,  when  this  discharge- 
was  taken  in  the  vacuous  receiver  of  an  air-pump  from  a  metallic  point  to  a 
metallic  capsule  containing  phosphorus,  a  considerable  yellow  deposit  lined  the 
receiver,  which,  on  testing,  turned  out  to  he  allotropic  phosphorus.  No  gas  is. 
however,  given  off.  I  had  an  air-pump  (described,  Phil.  Trans.,  1852,  p.  101) 
which  enabled  me  to  detect  very  small  quantities  of  gas,  but  I  could  get  none. 
It  was  in  making  these  experiments  that  I  first  detected  the  stria;  in  the 
electric  discharge,  which  have  since  become  a  subject  of  such  interesting  ob- 
servations, which  are  seen,  perhaps,  more  beautifully  in  this  phosphorus  vapour  I 
than  in  any  other  medium,  and  which  cease,  or  become  very  feeble,  where  the 
allotropic  phosphorus  is  not  produced. 

I  tried  also  phosphorus  highly  heated  by  a  burning  glass  in  an  atmosphere  of 
nitrogen,  but  could  eliminate  no  perceptible  quantity  of  gas,  though  the  phos- 
phorus was  changed  into  the  allotropic  form. 

It  is  not  difficult  to  understand  why  gas  is  not  perceptibly  eliminated  in  the 
last  two  experiments  ;  the  effect  is  probably  similar  to  that  described  in  my 
paper  on  "  The  Decomposition  of  Water  by  Heat,"  where,  when  the  arc  or 
electric  spark  is  taken  in  aqueous  vapour,  a  minute  bubble  of  oxyhydrogen  gas 
is  freed  and  disseminated  through  the  vapour,  recombination  being  probably 
prevented  by  this  dilution  :  but,  however  long  the  experiment  may  be  continued, 
no  increased  quantity  of  the  gas  is  obtained,  all  beyond  this  minute  quantity 
being  recombined.  If,  however,  the  bubble  of  gas  be  collected,  by  allowing  the 
vapour  to  coo],  and  then  expelled,  a  fresh  portion  is  decomposed,  and  so  on. 

So  with  the  phosphorus  in  the  experiments  in  the  air-pump  and  with  the 
burning  glass,  if  any  gas  is  liberated  it  is  probably  immediately  recombined  with 
the  phosphorus  ;  possibly  a  minuto  residuum  might  escape  recombination,  but 
the  circumstances  of  the  experiment  did  not  admit  of  this  being  collected,  08 
the  gas  was  with  the  aqueous  vapour. 

When,  on  the  other  hand,  the  gas  freed  is  immediately  cut  oft'  from  the  source 
of  heat,  as  when  the  spark  is  taken  in  liquids,  an  indefinite  quantity  can  be 
obtained. 

Decomposition  and  the  elimination  of  gas  may  thus  take  place  by  the  appli- 
cation of  intense  heat  to  a  point  in  a  liquid,  or  also  in  gas  or  vapours  ;  but  in 
the  latter  case  it  is  more  likely  to  be  masked  by  the  quantity  of  gas  or  vapour 
through  which  it  is  disseminated. 

I  believe  there  are  very  few  gases  in  which  some  alteration  does  not  take 
place  by  the  application  of  the  intense  heat  of  the  voltaic  arc  or  electric  spark. 
If  the  arc  be  taken  between  platinum  points  in  dry  oxygen  gas  over  mercury, 
the  gas  diminishes  indefinitely,  until  the  mercury  rises,  and  by  reaching  the 
point  where  the  arc  takes  place,  nuts  an  end  to  the  experiment.  I  have  caused 
as  much  as  a  cubic  inch  of  oxygen  to  disappear  by  this  means.  I  at  one  time 
thought  this  was  due  to  the  oxidation  of  the  platinum,  but  the  high  heat  renders 
this  improbable,  and  the  deposit  funned  on  the  interior  of  the  glass  tube  in 
which  the  experiment  is  made  has  all  the  properties  of  platinum-black  ;  so  if  the 
spark  from  a  Kiilnnkorf  coil  lie  taken  in  the  vapour  of  water  for  several  days,  a 
portion  of  gas  is  formed  which  is  pare  hydrogen,  the  oxygen  freed  being  pro- 
bably changed  into  ozone  and  combined  with  the  mercury  or  dissolved  by  the 
water. 

I  have  alluded  to  the  eudiometer  by  which  I  analysed  the  gases  obtained  in 
these  experiments  :  it  was  formed  simply  of  a  tube  of  glass  frequently  not  above 
2\  milleinetres  in  diameter,  with  a  loop  of  wire  hermetically  sealed  into  one  end, 
the  other  having  an  open  bell-mouth.  By  a  platinum  wire  a  small  bubble  of  the 
gas  to  be  examined  could  be  got  up  through  water  or  mercury  into  the  closed 
end  of  the  tube,  and  by  the  addition  of  a  babble  of  oxygen  or  hydrogen  gas,  a 
very  accurate  analysis  of  very  minute  quantities  of  gas  could  be  made;  I  have 
analysed  by  this  means  quantities  no  larger  than  a  partridge-shot. 

I  need  hardly  allude  to  results  on  the  compound  liquids  such  as  oils  and 
hydrocarbons,  as  the  fact  that  permanent  gas  is  given  oft"  in  boiling  such  liquids 
would  not  be  unexpected ;  but  the  above  experiments  seem  to  show  that  boding 
is  by  no  means  necessarily  the  phenomenon  that  has  generally  been  supposed, 
viz.,  a  separation  of  cohesion  in  the  molecules  of  a  liquid  from  distension  by  heat. 
I  believe,  from  the  close  investigation  1  made  into  the  subject,  that  (except 
with  the  metals,  on  which  there  is  no  evidence)  no  one  lias  seen  the  phenomenon 
of  pure  boiling  without  permanent  gas  being  freed,  and  that  what  is  ordinarily 
termed  boiling  arises  from  the  extrication  of  a  bubblv  of  permanent  _'a-  i  other 
by  chemical  decomposition  of  the  liquid,  or  by  the  reparation  of  Bonn 
associated  in  minute  quantity  with  the  liquid,  and  from  which  human  means 
have  hitherto  failed  to  purge  it.    Ibis  babble  once  extricated,  the  vapour  of  the 

liquid  expands  it,  or,  to  DM  the  appropriate  phrase  of  M.  1 ). .niiy, ; tin-  liquid 
evaporates  against  the  surface  of  the  gas. 

My  experiments  are,  in  a  certain  sense,  .the  complement' of  his.  Flo  showed 
that  the  temperature  of  the  boiling  point  wai  raised  in  tome  proportion  as  water 

was  deprived  of  air,  and  that  under  such  circumstances  the  boiling  took  place  by 
siiubrcsaut*.     I   have,  I   trust,  shown  that  when  the  va|»>ur  liberated  by  boiling 
is  allowed  to  condense,  it  does  not  altogether  OoUspM  into  a  liquid,  but   h 
residual   bubble  of  permanent  gas,  and   that    at   a  certain   point   this  evolution 
becomes  uniform. 

Boiling,  then,  is  not  the  result  of  merely  raising  a  liquid  to  a  given  tempera- 
ture;  it  la  something  much    more  complex. 

One  might  suppose  that  with  a  compound   liquid   the  initial    babble  by  which 

evaporation  is  enabled  to  take  place  might,  if  all  foreign  n  old  be 

extracted,  be  formed  by  decomposition  "I  the  liquid,  hut  this  oottld  not  he  the 
case  with  an  elementary  liquid  ;  whence  the  oxygen  from  Immune  or  the  hydro* 

gen  from  phosphorus  and  sulphur  r  as  with  the  lUtlUgOU  in  uater.it  may  Ih> 
that  a  minute  portion  of  UXygeu,  hydrogen,  or  of  water  is  inseparable  Irom 
these  substances,  and  that  if  bailed  away  to  absolute  drym •»-.  I  minute  portion 
ot  <,ms  would  he  left  for  each  ebullition. 

With  water  then  seems  a  point  at  which  the  terupernture  of  ebullition  and 
the  quantity  of  nitrogen  yielded  heroine  uniform,  though  the  latter  i-  I  losesirelj 
minute. 


The  ciicumstances  of  the  experiments  with  bromine,  phosphorus,  and  sulphur 
did  not  permit  me  to  push  the  experiment  so  far  as  was  done  with  water ;  but, 
as  far  as  it  went,  the  result  was  similar. 

When  an  intense  heat,  such  as  that  from  the  electric  spark  or  voltaic  arc,  is 
applied  to  permanent  gas,  there  are,  in  the  greater  number  of  cases,  signs  either 
of  chemical  decomposition  or  of  molecular  change;  thus  compound  gases,  such  as 
hydrocarbons,  ammonia,  the  oxides  of  nitrogen,  and  many  others,  are  decom- 
posed. Phosphorus  is  vapour  is  reduced  to  allotropic  phosphorus,  oxygen  to 
ozone,  which,  according  to  present  experience,  may  be  viewed  as  allotropic 
oxygen.  There  may  be  many  cases  where,  as  with  aqueous  vapour,  a  small  por- 
tion only  is  decomposed,  and  this  may  be  so  masked  by  the  volume  of  undecom- 
posed  gas  as  to  escape  detection,  if,  for  instance,  the  vapour  of  water  were  in- 
condensable, the  fact  that  a  portion  of  it  is  decomposed  by  the  electric  spark  or 
ignited  platinum  would  not  have  been  observed. 

All  these  tacts  show  that  the  effect  of  intense  heat  applied  to  liquids  and 
gases  is  far  more  complex,  and  presents  greater  interest  to  the  chemist  than  has 
generally  been  supposed.  In  far  the  greater  number  of  cases,  possibly  in  all, 
it  is  not  mere  expansion  into  vapour  which  is  produced  by  intense  heat,  hut, 
there  is  a  chemical  or  molecular  change.  Had  circumstances  permitted  1  should 
have  carried  these  experiments  further  and  endeavoured  to  find  an  c.rpcrimaitiint, 
eruae  on  the  subject :  there  are  difficulties  with  such  substances  as  bromine, 
phosphorus,  ,xc  arising  from  their  action  on  the  substauces  used  to  contain  and 
heat  them,  which  are  not  easy  to  vanquish,  and  those  who  may  feel  inclined  to 
repeat  these  experiments  will  find  these  difficulties  greater  than  they  appear 
in  narration  :  but  I  do  not  think  they  are  insuperable,  and  hope  that,  in  the 
hands  of  those  who  are  fortunate  enough  to  have  time  at  their  disposal,  they 
may  be  overcome. 

To  completely  isolate  a  substance  from  the  surrounding  air,  and  yet  be  able 
to  experiment  on  it,  is  far  more  difficult  than  is  generally  supposed.  The  air- 
pump  is  hut  a  rude  mode  for  such  experiments  as  are  here  detailed. 

Caoutchouc  joints  are  out  of  the  question ;  even  platinum  wires  carefully 
sealed  into  glass,  though,  as  far  as  I  have  been  able  to  observe,  forming  a  joint 
which  will  not  allow  gas  to  pass,  yet  it  is  one  through  which  liquids  will  effect 
a  passage,  at  all  events  when  the  wires  are  repeatedly  heated. 

In  some  experiments  with  the  ignited  platinum  wire  hermetically  sealed  into 
a  tube  of  glass,  the  end  of  the  tube  containing  the  platinum  wire  was  placed 
in  a  larger  tube  of  oil,  to  lessen  the  risk  of  cracking  the  glass.  After  some  days 
experimenting,  though  the  sealing  remained  perfect,  a  slight  portion  of  carbon 
was  found  in  the  interior  liquid.  This  does  not  affect  the  results  of  my  ex- 
periments, as  I  repeated  them  with  glass  tubes  closed  at  the  end  and  without 
platinum  wires,  and  also  without  the  oil-bath  ;  but  it  shows  how  difficult  it  is 
to  exclude  sources  of  error.  When  water  has  been  deprived  of  air  to  the  greatest 
practicable  extent  it  becomes  very  avid  for  air.  The  following  experiment  is  an 
instance  of  this  ■  A  single  pair  of  the  gas-battery,  the  liquid  in  which  was  cut 
off  from  the  external  air  by  a  greased  glass  stopper,  having  one  tube  filled  with 
water,  the  other  with  hydrogen,  the  platinised  platinum  plates  in  each  of  these 
tubes  were  connected  with  a  galvanometer,  and  a  deflection  took  place  from  the 
reaction  of  the  hydrogen  on  the  air  dissolved  in  the  water.  After  a  time  the 
dellection  abated,  and  the  needle  returned  to  zero,  all  the  oxygen  of  the  air 
having  become  combined  with  the  hydrogen.  If  now  the  stopper  were  taken 
out,  a  deflection  of  the  galvanometric  needle  immediately  took  place,  showing 
that  the  air  rapidly  enters  the  water  as  water  would  a  sponge.  Absolute 
chemical  purity  in  the  ingredients  is  a  matter,  for  refined  experiments,  almost 
unattainable.  The  more  delicate  the  test,  the  more  some  minute  residual  pro- 
duct is  detected :  it  would  seem  (to  put  the  proposition  in  a  somewhat  exaggerated 
form)  that  in  nature  everything  is  to  be  found  in  anything  if  wc  carefully  look 
for  it. 

I  have  indicated  the  above  sources  of  error  to  show  the  close  pursuit  that  is 
necessary  when  looking  for  these  minute  residual  phenomena.  Enough  has,  I 
trust,  been  shown  in  the  above  experiments  to  lead  to  the  conclusion  that, 
hitherto,  simple  boiling,  in  the  sense  of  a  liquid  being  expanded  by  heat  into  its 

vapour  without  being  decomposed  or  having  permanent  gas  eliminated  from  it, 
is  a  thing  unknown.  Whether  such  boiling  can  take  place  may  be  regarded  as 
an  open  question,  though  I  incline  to  think  it  cannot  ;  that  if  water,  for  instance, 
could  be  absolutely  deprived  of  nitrogen,  it  would  not  boil  until  some  portion  ot' 
it  was  decomposed  :  thai  the  physical  severance  of  the  moleoales  by  heat  is  also 
a  chemical  severance,      [f  there  OT  anything  in  this  theOl'eti  ■  view,  there  is  great 

promise  of  important  results  on  elementary  liquids,  if  the  difficulties  to  which  1 

have  alluded  can  It  got  over. 

The  constant  appearance  of  nitrogen  in  water,  when  boiled  off  out  c  f  contact 

with  the  ah  almost  to  the  List  drop,  is  a  I  natter  well  worthy  of  investigation.  I 
will  not  speculate  on  w  hat  possible  chemical  connection  there  may  he  between 
air  and  water ;  the  preponderance  of  these  two  substances  on  the  surface  of  our 
planet,  and  the  probability  that  nitrogen   is    not    the  inert   diluent  in  respiration 

that  is  generally  supposed,  might  give  rise  to  not  irrational  conjectures  on  some 
unknown  bond  between  air  and  watep.    But  it  would  he  rash  to  announce  any 

theory  on  such  a  subject  i  better  to  te-t  any  ,_mioss  .me  may  make,  by  experiment, 

than  t<,  mislead  bj  theorj  without  mtnciant  data,  or  to  lessen  the  value  ot  tats 
by  connecting  them  with  erroneous  bypath 


Hun  isii  A -Sim  iaiiov  I  hi;   l  ill    An'.  \  -•'  EMKST  01    Si  [ENCE,      We  regret 

that,  owing  to  tin;  meetings  of  tin-  Association  commencing  so  lite  in  the 

month,  we  have  only  been  able  In  insert  the  I 'resident's  Address,  -I  o  which 
very  cou-iderable  interest  is  deservedly  attached,  -mid  two  papers  by  l'ro. 
fessor  Kanl.ine.  We  purpose,  however,  giving  in  our  next  issue  a  selec- 
tion of  the  most  important  of"  the  papers  rend  at  the  meetings  of  the  several 
sections. 
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ON    INDIAN    EIVER    STEAMERS. 
By  Me.  Robert  Leys. 

In  laying  before  you  a  few  suggestions  on  Indian  river  navigation,  I  will 
confine  my  remarks  to  the  river  Indus  and  its  tributaries.  It  is  at  certain 
seasons  of  the  year  shallow  and  tortuous,  with  a  current  of  from  li-  to  3 
knots  per  hour,  according  to  the  season — having,  like  the  Nile,  periodical 
inundations.  At  one  place  (Sukkur),  where  a  rocky  island  divides  the 
stream,  the  current  at  the  high  season  is  from  8  to  9  knots,  but  this  pass  is 
only  about  three-fourths  of  a  mile  in  length.  There  is  another  peculiarity 
of  the  Indus  :  its  shifting  channels.  It  often  happens  that  where  there  is 
8  or  9  feet  water  one  week,  in  the  following  week  there  will  not  be  as 
many  inches,  The  banks  are  also  often  swept  away,  taking  with  them 
whole  native  villages,  so  that  any  system  of  buoying  off  the  channel  5s 
out  of  the  question. 

The  navigation  is  guided  by  native  pilots,  who  know  by  the  surface  of 
the  water  the  channel  to  take ;  and  they  are  often  deceived,  at  times 
getting  into  a  cul  de  sac,  when  they  must  about  ship  and  seek  another 
channel.  As  to  the  prospects  of  trade  on  the  river  I  do  not  think  there 
can  be  a  doubt,  as  a  glance  at  the  map  of  India  will  show  that  it  runs 
through  a  large  tract  of  well-populated  country.  At  about  500  miles 
from  its  mouth  it  is  joined  by  the  Chunab  and  Sutlej,  the  Chunab  being 
again  joined  by  the  Jelum  and  Ravee,  the  Indus  holding  on  its  course 
north  until  it  penetrates  the  Himalaya  mountains  and  enters  Tibet. 
However,  it  has  not  been  navigated  further  north  than  Attock,  and  this 
may  be  said  to  be  the  utmost  point  navigable.  The  principal  towns  are 
Sukkur  on  the  Indus,  Moultan  on  tLe  Chunab,  Lahore  on  the  Ravee,  and 
Ferozpoor  on  the  Sutlej,  thus  forming  the  Punjab,  or  country  of  the  five 
rivers. 

Before  describing  the  kind  of  vessels  I  would  suggest  for  its  navigation, 
I  will  take  a  review  of  the  vessels  that  have  already  been  tried.  Shortly 
after  the  conquest  of  Scinde  by  Sir  Charles  Napier,  the  East  India 
Company,  seeing  the  advantage  of  steam,  had  two  small  steamers  built  of 
light  draught.  They  were  80ft.  long  and  18ft.  beam  ;  their  load  draught 
was  4ft.,  with  engines  of  50  nominal  horse-power.  This  was  a  great  step 
from  the  native  boats;  but  owing  to  their  small  power  and  deep  draught 
of  water,  they  could  only  take  Government  stores  and  a  few  Government 
passengers;  and,  although  the  distance  from  Kurrachee  to  Moultan  is  only 
about  800  miles,  they  generally  took  five  weeks  to  reach  the  latter  place. 
The  downward  passage  was  accomplished  in  from  seven  to  ten  days.  This 
will  even  look  a  long  time;  but  it  must  be  remembered  that  they  can 
only  steam  in  day -light,  laying  to  at  the  bank  at  night,  and  taking  their 
fuel  (wood)  for  the  following  day. 

They  have  gradually  enlarged  the  size  of  the  steamers  as  they  built  new 
ones,  until  the  last  built,  just  before  India  was  united  to  the  British  Crown, 
were  length  166ft.,  beam  28ft..  depth  of  hold  8ft.,  nominal  horse-power  120, 
their  load  draught  4ft.  6in.  Now  the  great  fault  of  these  vessels  was  their 
draught  of  water  and  the  length  of  time  on  the  passage,  twenty  days  being 
their  average  up  passage ;  and  at  the  high  season  of  the  river  they  could 
not  go  through  Sukkur  Pass,  their  cargo  being  unshipped  below  and  trans- 
ported in  bullock  carts  to  the  upper  side  of  the  pass,  and  then  put  on 
board  another  steamer. 

The  next  move  for  navigating  the  Indus  was  by  a  joint-stock  company, 
with  a  patent  for  navigating  shallow  rivers.  This  was  a  steamer  with  an 
articulated  train  of  barges,  something  like  your  mud  barges  on  the  Clyde, 
only  the  bow  of  each  barge  was  fitted  into  the  stern  of  the  preceding  one, 
which  was  part  of  a  circle,  and  tied  together  with  triangular  draw-bars 
working  on  ball-and-socket  joints.  The  steamer  was  200ft.  long,  20ft. 
beam,  and  5ft.  depth  of  hold.  The  first  or  joining  barge  was  40ft.  long, 
18ft.  beam,  and  the  same  depth  as  the  steamer.  This  barge  was  concave 
at  both  ends,  so  as  to  join  the  convex  stern  of  the  steamer  and  convex  bow 
of  the  following  barge.  To  complete  the  train,  other  four  barges  were 
joined  in  a  similar  manner,  100ft.  long,  18ft.  beam,  and  5ft.  depth  of  hold, 
the  whole  train  being  640ft.  long.  The  last  barge  was  for  passengers, 
having  a  deck  house  60ft.  by  16ft.  Her  stern  was  spoon  shaped,  with  a 
rudder  attached.  The  bow  of  the  steamer  was  also  of  the  spoon  pattern. 
The  displacement  of  the  steamer  with  engines  and  boilers  was  185  tons, 
and  the  mean  draught  was  2ft.  2£in.  The  joining  barge  displaced  18  tons, 
draught  of  water  10|in. ;  each  of  the  100ft.  barges  displaced  39  tons, 
draught  lOin. ;  and  the  passenger  barge  displaced  63  tons,  draught  of 
water  1ft.  4in.  This  was  their  displacement  without  any  cargo.  The 
train  was  fitted  with  a  great  number  of  novelties,  among  which  was  a  self- 
acting  telegraph,  to  indicate  to  the  steersmen  of  the  other  barges  what 
direction  the  bow  of  the  steamer  was  taking,  the  steamer,  as  it  were,  acting 
as  a  bow  rudder  to  the  rest  of  the  train.  On  the  steamer's  bow  was 
placed  a  frame  with  thirty  lanterns,  to  throw  a  blaze  of  light  ahead,  to 
enable  them  to  proceed  in  the  darkest  night.  The  paddle-wheels  were  6in. 
below  the  keel,  that  they  might  be  used  as  crawlers  when  the  train  had  not 
water  to  float  in,  having  supplementary  engine,  fitted  with  wheel  gearing, 
to  reduce  the  speed  when  crawling. 


The  last  barge  of  the  train  was  fitted  with  a  drop  pile.  This  was  to  pin 
the  tail  of  the  train  if  the  bow  should  get  aground  when  going  with  the 
stream,  and  prevent  the  doubling  up  of  the  train.  None  of  these  novel- 
ties were  of  much  service.  Once  at  Ghizree  the  steamer  was  crawled  off 
with  six  inches  less  water  than  her  draught,  but  the  bottom  was  a  stiff 
clay.  At  another  time  in  Kurracbee  harbour,  where  the  bottom  was  sand, 
they  just  dug  a  hole  in  the  sand  without  moving  the  vessel.  The  drop  pile 
was  once  tried,  but  although  it  was  an  elm  log  14in.  square,  it  snapped 
across  like  a  carrot. 

A  number  of  experimental  trials  were  made  at  a  measured  distance  of 
3850  yards  in  Kurrachee  harbour,  the  mean  results  of  which  were  as  fol- 
lows : — With  steamer  alone,  loaded  to  a  mean  draught  of  3ft.,  the  speed 
attained,  with  an  indicated  horse  power  of  273-58,  was  9'374  English  miles. 
Her  immersed  midship  section  was  58  square  feet.  This  was  a  very  poor 
result,  but  from  her  block  stern  and  formation  of  the  bow  little  else  could 
be  expected.  The  next  trial  was  with  the  40ft.  and  one  of  the  100ft. 
barges  connected,  loaded  to  2ft.  lOin.  With  this  a  speed  of  7'19  English 
miles  was  attained,  the  indicated  power  being  302-79  horse-power,  the 
immersed  section  of  steamer  being  the  same  as  on  the  former  trial,  the 
length  of  steamer  and  barges  340ft.  Another  100ft.  barge  was  connected, 
and  the  speed  was  reduced  to  5-75  English  miles,  indicated  power  332  horse 
power.  Another  100ft.  barge  was  connected,  thus  making  the  length  of 
train  540ft.  The  speed  was  reduced  to  4-33  English  miles.  The  slip  of 
the  wheel  on  this  trial  was  51  per  cent.  I  may  mention  that  the  engines 
were  high  pressure,  and  the  steam  carried  on  these  trials  was  from  90  to 
110  lbs. 

After  these  trials,  the  train  of  steamer,  40ft.  barge,  and  100ft.  barge, 
made  an  attempt  to  ascend  the  Indus,  but  although  the  patentee  was  on 
board,  with  a  crew  of  thirty-two  Europeans  and  forty-two  natives,  it  was 
twenty-three  days  in  making  420  miles.  It  was  found  quite  unmanage- 
able in  the  currents,  oftener  in  a  zig-zag  than  in  a  straight  line,  first  on 
the  one  bank  then  on  the  opposite.  A  second  attempt  was  made,  which 
was  equally  unsuccessful. 

After  this  failure,  alterations  were  made  in  the  steering  gear,  and  a 
number  of  trials  made  in  the  harbour  with  no  better  result  as  to  speed, — 
although  the  steering  was  rather  improved.  The  train  again  started  for  the 
river,  but  before  it  was  well  out  of  the  harbour  oneof  the  arms  of  the  draw-bar 
broke,  and  the  barges  doubled  round  on  the  steamer,  breaking  in  the  stern 
and  after  compartment,  when  the  steamer  filled  and  sank  in  twenty -four 
feet  water,  the  crew  getting  on  to  the  barges.  No  lives  were  lost.  Thus 
ended  the  train  system,  for  a  time  at  least,  although  a  second  train  was 
ready  for  launching. 

The  steamer  of  this  second  train  had  now  her  block  stern  cut  off,  and 
lengthened  20ft.,  with  a  pretty  fine  after  run  :  the  barges  got  bows  and 
sterns  put  to  them  to  suit  them  for  being  lashed  alongside  the  steamer,  or 
towed  astern,  as  might  be  wanted.  This  steamer  started  for  Moultan  with 
one  barge  140  feet  long,  going  through  Sukkur  Pass  at  the  height  of  the 
inundations,  and  reached  Moultan  in  twenty-five  days.  This  was  a  poor 
result,  but  it  was  only  making  the  best  of  a  bad  job.  Since  then  she  has 
taken  two  barges  and  made  the  passage  pretty  regularly. 

The  next  move  for  navigating  the  Indus  was  with  steamers  and  railway 
combined — the  Scinde  Railway  and  Indus  Flotilla. 

The  Scinde  railway  starts  from  the  Island  of  Keamaree,  which  forms  the 
east  side  of  the  harbour  of  Kurrachee,  and  has  its  terminus  at  Kottree,  on 
the  banks  of  the  Indus,  about  130  miles  from  its  mouth.  This  line  is  110 
miles  long,  and  makes  a  very  considerable  saving  in  distance,  but  much 
more  in  time ;  the  shortest  water  route  to  Kottree  being  230  miles,  but 
can  only  be  used  about  seven  months  in  the  year,  the  N.W.  monsoons 
causing  a  heavy  surf  all  along  that  coast  from  April  to  September.  The 
other  water  passage  is  by  the  creeks,  which  are  very  tortuous,  and  the 
distance  to  Kottree  by  them  is  computed  at  about  400  miles. 

The  Indus  Flotilla  Company  had  a  steamer  built  on  the  Thames  by  a 
celebrated  builder,  and  tried  on  that  river.  Her  dimensions  were,  length 
200ft.,  beam  38ft.,  and  depth  of  hold  8ft.  She  was  propelled  by  a 
condensing  three-cylinder  oscillating  engine,  two  of  the  cylinders  being 
below  and  the  third  above  the  deck.  At  her  trial  on  the  Thames  she  at- 
tained a  speed  of  13  miles  per  hour,  with  688  indicated  horse-power ;  her 
draught  of  water  was  1ft.  llin.,  and  her  immersed  midship  section  70ft. 
This  was  no  great  result,  but  it  exceeded  anything  she  ever  did  in  India. 
Whether  that  her  boilers  where  not  suited  for  wood  fuel,  or  that  the  heavy 
teak  decks  and  stringers  fitted  into  her  in  India,  was  the  cause  of  her  falling 
off,  I  do  not  pretend  to  say  :  it  might  be  both  combined ;  but  the  fact  was 
she  did  not  make  over  10  miles  an  hour  in  still  water  when  tried  in  India. 
She  was  very  unfortunate,  breaking  one  of  her  piston-rods  and  smashing  a 
cylinder.  There  were  other  six  steamers  built  from  this  model  one,  and 
from  the  last  accounts  only  one  of  them  had  been  tried.  The  results  were 
so  unfavourable  that  not  one  of  them  was  taken  off  the  contractor's  hands 
after  being  put  up  in  Kurrachee,  the  company  having  purchased  some  of 
the  boats  belonging  to  the  East  India  Company,  and  are  carrying  on  their 
trade  with  them. 

This  is  pretty  nearly  what  has  been  done  in  navigating  the  Indus.     To 
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know  the  rocks  that  others  struck  on  was  my  reason  for  dwelling  so  long 
on  what  has  been  done  already.  It  is  a  great  part  of  the  battle  to  know 
the  dangers  ahead. 

I  will  now  lay  before  you  what  sort  of  vessels  I  think  would  suit  that  or 
similar  rivers.  Light  draught  is  of  the  utmost  importance,  combined  with 
strength  and  moderate  speed.  To  secure  the  first  two  qualities,  steel  or 
homogenous  metal  should  be  used  in  the  plates,  frames,  decks,  and  beams, 
and  from  the  late  improvements  in  the  manufacture  of  the  latter  metal, 
it  would  not  be  much  more  expense,  taking  into  account  its  smaller 
scantling  for  equal  strength  compared  with  iron  ;  and  further  to  strengthen 
the  steamer  longitudinally,  two  bulkheads  to  run  from  bow  to  stern  about 
6ft.  from  her  sides,  also  to  be  divided  into  five  compartments  by  thwart 
bulkheads  above  the  longitudinal  bulkheads,  two  trusses  rising  about  8ft. 
above  the  deck  at  midship,  with  stancheons  spaced  about  10ft.  apart;  the 
trusses  to  be  of  the  T"  section,  and  the  stancheons  tubes  for  lightness.  For 
the  third  qualifications,  high-pressure  engines  and  boilers  of  the  locomotive 
class,  using  steel  for  piston-rods,  connecting  rods,  and  valve  gear,  and  homo- 
genous metal  in  the  framing,  shafts,  and  cranks,  cast  iron  only  being  used  for 
the  cylinders  and  valve  casing  ;  in  fact,  wherever  the  superior  metal  can  be 
used  it  should  be  adopted. 

The  description  of  vessels  would  be  a  steamer  with  two  barges  lashed 
alongside,  or  in  going  through  the  creeks  or  narrows  to  be  towed  astern. 
Dimensions  for  steamers  to  be,  length  210ft.,  beam  30ft. .  and  depth  of  hold 
5ft.,  with  a  co-efficient  of  fineness  at  3ft.  draught  of  -72.  This  will  look 
full,  hut  it  must  be  remembered  that  it  was  nearly  all  taken  from 
the  two  ends,  the  body  of  the  vessel  for  about  two-thirds  her  length  being 
nearly  a  square  box. 

The  barges  to  be,  length  150ft.,  beam  22ft.,  and  depth  of  hold  5ft.,  co- 
efficient of  fineness  -75,  divided  into  three  compartments  with  thwart 
bulkheads.     The  decks  to  be  of  the  same  material  as  the  vessel. 

A  steamer  of  the  above  dimensions  would  displace  at  3ft.  draught  -132 
tons.  The  hull  and  fittings  I  calculate  would  be  185  tons  ;  engines,  boilers, 
and  water,  110  tons  ;  this  would  leave  for  cargo  and  fuel  137  tons,  allowing 
37  tons  for  fuel,  which  would  be  ample  for  her  longest  run  between  stations. 
This  would  leave  100  tons  for  dead  weight  cargo  of  steamer. 

Each  barge  would  displace  206  tons  at  3ft.  draught.  Weight  of  each 
56  tons,  leaving  150  tons  for  cargo  to  each  barge.  This  gives  for  steamer 
and  two  barges  400  tons  of  cargo,  which,  at  the  present  rate  of  freight, 
Id.  per  ton  per  mile  for  up  freight,  and  \d.  per  ton  per  mile  for  down 
freight,  shculd  leave  a  very  good  return  upon  the  capital  laid  out,  after 
clearing  working  expenses. 

I  am  quite  aware  that  fullness  increases  the  weight  of  the  vessel  herself, 
and  tends  to  diminish  the  speed;  but  I  wish  to  make  her  an  owner's 
vessel,  to  carry  a  fair  load  upon  the  least  draught  of  water.  Xow,  I 
think  you  will  agree  with  me  that  fullness  has  something  to  do  in  this 
respect,  and  as  I  do  not  think  it  advisible  to  make  her  longer  for  handi- 
ness  in  working  in  the  river,  the  only  other  resource  would  be  giving  her 
more  beam.  This,  I  think,  would  increase  the  resistance  as  much  as  a 
little  fullness  in  the  vessel  herself.  Further,  she  is  finer  than  any  of  the 
steamers  on  the  river  when  I  left.  I  believe  the  Oriental  Inland  Steam 
Navigation  Company  got  one  or  two  boats  on  the  model  of  your  Clyde  river 
steamers;  but  what  was  the  consequence  ?  they  drew  1ft.  6in.,  and  were 
therefore  useless  for  a  part  of  the  year.  Light  draught  and  to  carry  a 
fair  cargo  is  indispensable.  Speed,  such  as  your  Rothesay  boats,  is  not 
wanted;  11  or  12  miles  an  hour  would  bo  ample,  and  with  (ioO  indicated 
horse  power,  I  think  would  be  realised  easily,  even  taking  into  account  the 
fullness. 

The  boats  of  the  Government,  with  very  bluff  bows,  and  \'.ft.  more 
draught  of  water,  the  midships  immersed  area  being  L26ft.  for  steamer 
and  barge,  made  s  miles  an  hour  with  about  loo  indicated  bone  power. 
I  am  taking  the  indicated  hone-power  at  - '■  timet  the  nominal,  and  1  am, 
sure  they  did  not  exceed,  if  they  came  <•;>  to  that ;  and  again  the  Sutlsj, 
the  altered  train  steamer,  with  one  barge,  went  through  Sukkur  Pass  "t 
the  height  of  the  inundation,  the  current  at  the  time  mid  to  be  8  miles, 
and  the  speed  of  the  vessel  1 1  miles  per  hour.  Now,  I  have  uniformly 
found  that  a  steamer  will  go  in  still  water  more  than  the  cnrreni  ana 
speed  of  ship  added  together,    s  me-  allowance  mnei  !»■  made  for  shallow 

■water;  but  the  Indus  is  neither  a  shallow  nor  a  narrow  river  generally: 
in  some  parts  it  is  both,  thongh  not  at  the  same  place,  anil  of  e  mrse   you 

must  have  vessels  t'i  pass  these  part-. 

The  expense  ot  such  a  class  of  steamers  would  he  nboul  £460  per  voyage 

for  fuel,  wages,  and  stores.    The  fuel  is  the  heavy  item,  nndai  the  demand 

for  wood  increases,  then-  is  no  donht  the  price  will   also    rise  ;   but   as    coal 

has  been  found  in  Scinde  snd  also  in  the  Punjab,  thai  win  toon  become 
the  fuel  to  he  need.  English  coal  might  !»•  need  for  tie  lowei  stations  "t 
the  river,  but  to  transport  it  to  the  upper  stations  would  be  very  expen  live, 
at  least  67  per  ton  for  the  upper  stations  before  being  pul  <>u  hoard  the 
steamers,  ion  must  not  understand  thai  I  thiol,  thai  ons  iteamer  and 
barges  would  be  a  profitable  investment.  The  expense  of  management, 
agencies,  and  fuel  stations  would  he  too  heavj  ;  these  would  be   tin'  same 


whether  there  was  one  or  a  dozen  of  steamers  sailing  from  each  end  weekly, 
or  at  least  once  in  ten  days ;  for  this,  four  or  six  steamers  and  barges  would 
be  wanted. 

The  trade  of  the  river  is  in  a  transition  state,  increasing  every  year  to 
a  large  extent.  The  principal  up  freight  is  general  merchandise,  piece 
goods,  beer,  and  metals ;  the  down  freight  is  raw  and  manufactured  silks, 
wool,  indigo,  and  various  kinds  of  oil  seeds,  to  which  I  hope  soou  will  be 
added  cotton. 

The  passenger  traffic  is  mostly  native,  and  though  not  yet  so  numerous 
as  on  the  Clyde  in  the  summer  time,  it  has  increased  greatly,  and  will 
continue  to  increase  as  facilities  are  afforded  them,  for  they  are  a  very 
migratory  race.  Cabin  accommodation  is  not  required  to  any  large  ex- 
tent :  the  natives  are  all  deck  passengers,  and  even  the  few  Europeans 
that  travel  prefer  what  is  called  a  first-class  deck  nassage.  This  simply 
means  to  be  victualled  in  the  cabin  and  sleep  on  deck. 

Xo  bulwarks  are  required  for  the  steamers  or  barges,  but  a  light  rail  and 
netting,  with  awning  stancheons  fitted  for  double  awnings,  with  a  space 
between  the  awnings  of  about  ISin. ;  the  lower  awning  to  have  hanging 
curtains  all  round. 

The  engines,  as  I  formerly  stated,  should  be  high -pressure  of  the  sim- 
plest construction.  I  think  diagonal  cylinders  of  about  26in.  diameter 
and  5ft.  stroke,  working  steam  at  lOOlbs.  per  square  inch,  and  cutting  off 
at  half-stroke,  with  a  piston  speed  of  350ft.  per  minute,  would  be  a 
suitable  size  ;  and  although  they  take  up  a  large  space  in  the  vessel,  they 
distribute  the  strun  to  an  equal  extent.  As  the  water  of  the  Indus  is 
very  muddy,  a  filter  is  indispensable  for  the  feed  water.  One  placed  in 
the  bilge  of  the  vessel,  with  a  steam-pipe  attached  to  reverse  the  current 
at  pleasure,  and  clean  it  out,  would  be  suitable. 

The  boilers  to  be  of  the  locomotive  class,  suitable  for  wood  fuel ;  the 
furnace  doors  large,  Scinde  wood  being  in  crooked  billets,  generally 
supplied  in  from  3  to  4ft.  lengths.  The  funnel  to  have  a  spark  catcher 
similar  to  those  on  the  American  locomotives ;  the  ash  pans  to  be  used  as 
feed  heaters,  with  safety  escape  valve  connected  to  each . 


EEVIEWS  AND  NOTICES  OF  NEW  BOOKS. 


A  Course  of  Geometrical  Drawing. — Part  I.,  revised  edition,  containing 
Practical  Geometry,  including  the  use  of  Drawing  instruments,  the  Construc- 
tion and  use  of  Scales,  Ortb  igraphic  Projection  and  elementary  descriptive 
Geometry.  Part  II.,  containing  Orthographic,  Geometric,  and  Perspective 
Projection,  including  the  principles  of  shading  and  the  practice  of  making 
finished  drawings,  designed  as  a  text-book  for  the  use  of  candidates  preparing 
in  Geometrical  Drawing  for  the  different  Public  Examinations,  and  to  meet 
the  wants  of  the  Engineer,  the  Architect,  and  the  Uuilder,  &c.  By  W.  S. 
Bisss, M.C.P.    London:  JohnWeale. 

Mr.  Binns  has  published,  in  a  single  volume,  the  two  little  treatises  issued  by 
him  as  aids  to  the  student  in  Geometrical  Drawing.  The  result  is  highly 
satisfactory,  for  the  author  has  succeeded  thoroughly  in  producing  a  text-book, 
which    f  r  pri:  ii  d  utility  and  ■■■imp'.u-it-,   is  not  excelled  by  any  warlc  of  the 

kind,  either  in  the    English  or  French    languages,  addressed  to   the  classes    lor 
whom  the  present  volume  is  intended. 

The- fust  part  is  written  ami  arranged  in  a  style  suited  to  beginners,  the 
second  part  to  the  more  advanced  Students.  The  collection  of  problems  is  large, 
and  the  selection  excellent.  Mr.  Minus's  book  deserves  to  he  extensively  known 
and  patronised. 


Iceepittff,  Us  U$t  and  Necessity  ;  with  'Bints  far  the  Tyro  in  the  Govern- 
msnt   in  nitio  Official  lAfe,    1!\  .1.  '1'.   W'mid.    8vo.,   Is.:  London:  the 

Author. 

We  contest  to  knowing  hut  little  of  the  science  of  commercial  hook-keeping; 
bnt  Mr.  Ward  has  strung  together  eleven  short  essays  m  the  form  of  "letters 

on  I k-keeping,'  containing  some  admirable  hints,  which  would,  if  road  and 

attended  to  by  book-keepers  and  others  engaged  in  counting  house  duties,  result 
in  advantage  to  themselves  and  their  employers. 


i  //     rdofthi  /                          ■»  Engineering ;  comprising  Civil,  Mechanical, 
M    Mic.  Hydranlio,  Boilwaj .  Bridge,  and  other  Engim  sring  work-.    Edited  by 
Hi  Mm  i:,  Assoc.  but,  t'i;..  and  Member  Inst  ME.    Imperial   Ho. 
Plates.    London:  K.  aud  F.  N.  Spon.   Parts  6, 7,  and 8. 
We  must  oonfoss  our  satisfaction  at  the  great  improvement  effected  by  Mr. 
Humber, during  the  progress  through  the  press  ol  this  important  work.    As  a 
imples  of  work- ..i  railwaj  engh ring  c itruction its  prac- 
tical value  is  now  becoming  more  perfectl]  developed. 

Thus  far  Mr.  Humbei  lias  chiefly,  if  not  entirely,  eon  Unci  him  self  to  recording 
the  progress  of  that  branch  ot  mod  Bering  which  is  connected  with  the 
construction  of  railways,  at  horns  and  abroad  ;  ami  some  really  admirable  illus- 
trations have  been  given,  more  pa tlsrl]  in  the  later  parts.    ,\s  the  publics- 

wl  w  ine-  it  improvi  i,     The  plates  are  all  ot 
ona  arc  drawn  to  -cale-  sufficiently  extensive  for 
n  by  the  practical  man  who  may  require  to  adapt  to  his  own  use  any 
ot  th-  .  lor  publication  hv  Mr.  Humber. 

27 


210 


Correspondence. — Notices  to  Correspondents. 


[The  Artizan, 
Sept.  1, 1863. 


CORRESPONDENCE. 


We  cannot  hold  ourselves  responsible  for  the  opinions  of  our  Correspondents. 

To  the  Editor  of  The  Artizan. 

Sir, — I  read  with  interest  the  remarks  of  your  correspondent  Mr.  Grier  ;*  and 
feel  that  his  experiment  on  the  said  law  of  motion,  though  bringing  no  result, 
is  still  useful  to  a  teacher,  or  learner,  as  another  illustration  of  the  general  truth. 
I  take  the  liberty  of  forwarding  the  accompanying  short  paper,  not  as  contain- 
ing anything  new,  but  as  expressing,  in  a  simpler  form  than  I  have  seen  it 
elsewhere  put,  this  important  truth  of  science.  With  respect  to  the  cube  theory, 
a  principle  so  useful  and  so  true  in  practice,  saying  nothing  of  its  recognition  by 
such  respectable  authority,  cannot  be  summarily  disposed  of  as  a  clumsy  ap- 
proximation to  the  imperfection  of  mechanical  appliances,  but  must  be  met  by 
careful  enquiry  and  examination,  the  only  certain  way  to  improvement. 

By  the  said  law  of  motion,  let  P  be  a  pressure  exerted  on  a  body  whose  mass 
is  M,  and  P'  another  pressure  on  the  same  body,  then, 


p 

moving  force  of  — 
M 


moving  force  of 


P'. 


Now,  if  P'  equal  any  multiple  of  P,  say  2  P,  and  the  law  is  expressed  in  the 
way  your  correspondent  states  it,  we  get  something  like  following  : — 

To  move  a  body  mass,  M,  through  a  given  space,  if  we  wish  to  double  the 
velocit}',  we  must  double  the  pressure. 

But  the  given  space  will  be  passed  over  in  half  the  time  as  before,  and,  there- 
fore, if  the  motion  be  continued  as  long  as  at  fii-st,  double  the  space  will  have  to 
be  passed  over.  And  taking  the  case  of  resistance  to  motion  in  a  fluid,  double 
the  number  of  particles  will  have  to  be  displaced,  thus  requiring  double  the 
power  while  each  particle  also  requires  twice  as  much  power  to  move  it  as  before, 
whence,  the  ratio  of  the  resistances  will  be  as  l2  :  22.  And  for  any  value  as  P 
of  P',  the  ratio  will  be  as  l2   '.   22. 

I  am,  Sir,  your  obedient  servant, 

Portsea.  August  23,  1863.  H.  W.  G. 


©fttiuarg* 


THE  LATE  MR.  JOSHUA  FIELD,  F.R.S. 

It  is  with  great  regret  we  have  to  announce  the  death  of  Mr.  Joshua 
Field,  of  the  firm  of  Messrs.  Maudslay,  Sons,  and  Field. 

This  eminent  engineer  was  born  in  the  year  1787,  and  died  after  a  few 
weeks'  illness  at  his  residence,  Balham  Hill  House,  Surrey,  on  Monday, 
11th  ult.  It  has  fallen  to  the  lot  of  few  men  to  have  been  engaged  for  so 
many  years  in  the  active  pursuit  of  mechanical  engineering,  or  to  have 
attained  to  so  distinguished  a  position  as  Mr.  Field  occupied  in  his  profes- 
sion, which  he  may  be  said  to  have  reached  by  the  momentum  of  natural 
talent,  multiplied  by  untiring  industry. 

He  was  selected  when  still  a  young  man  by  the  late  Henry  Maudslay, 
to  co-operate  in  bringing  mechanical  tools  to  the  precision  which  laid  the 
foundation  of  that  excellence  of  workmanship,  which  is  now  so  distin- 
guished a  characteristic  of  English  engineering.  In  marine  engines  and 
boilers  he  was  especially  successful.  The  impetus  given  to  steam  naviga- 
tion in  1838,  by  attention  to  detail  in  design  and  high  standard  of  work- 
manship in  execution  of  the  machinery  of  the  Great  Western  steamship, 
was  surprising,  and  laid  the  foundation  of  the  high  reputation  enjoyed  by 
his  firm  in  that  important  department  of  engineering.  In  nearly  all  other 
branches  he  was  equally  successful,  and  was  consulted  as  a  safe  authority 
by  many  eminent  men. 

His  public  character,  however,  was  eclipsed  by  the  virtues  of  his  private 
life,  of  which  we  will  only  remark  that  kindness  and  modesty  of  deport- 
ment, open-hearted  liberality,  a  cheerful  and  happy  disposition,  were  com- 
bined with  a  sincere  but  unobtrusive  piety. 

His  remains  were  accompanied  to  Norwood  Cemetery,  on  the  18th  ult., 
by  a  large  concourse  of  private  and  professional  friends,  including:  a  large 
number  of  workmen  from  the  manufactory  at  Lambeth. 

Mr.  Field  has  left  a  widow,  one  daughter,  and  four  sons,  two  of  whom 
were  in  partnership  with  him  and  Messrs.  Maudslays. 

*  [Mr.  Grier's  communication,  though  given  in  the  hody  of  The  Artizan  of  last  month, 
should  have  appeared  iu  its  proper  place  under  the  head  of  Correspondence.— Ed. 
Abtizan.] 


NOTICES  TO  CORRESPONDENTS. 


D.  B.  (Govan). — We  believe  the  model  in  question  was  produced  by  the  me':hod 
of  development  suggested  by  Mr.  Thomas  Moy  at  a  meeting  of  the  British 
Association  for  the  Advancement  of  Science  in  1856  or  1857.  If  you  refer  to 
the  volumes  of  The  Artizan  for  the  years  1856  to  1860  you  will  find  the 
information  you  require,  and  much  that  is  highly  interesting.  See  a  diagram 
at  page  286  (vol.  15,  for  1857),  and  others. 

G.  H.  (Newcastle-on-Tyne). — There  is  nothing  new  in  the  idea.  The  trunks 
of  steam  engine  pistons  have  been  made  both  elliptic  and  of  parallelogram 
form  in  section.    You  had  better  stick  to  the  cylindrical  form. 

Engine-Tenter. — The  cylinder  might  have  been  injured  through  the  presence 
of  grit  and  hard  dirty  matter.  The  course  suggested  by  you  is  most  impro- 
bable, as,  if  you  looked  after  your  engine  ever  so  superficially,  you  must  have 
observed  the  wearing  away  of  the  piston  rod  gland,  and  the  constant  leakage 
which  would  occur. 

Workman.— Calculate  working  load  at  one-eighth  of  breaking  strain.  Your 
question  is  incomplete.  Send  a  sketch  of  what  you  propose,  state  the  purpose 
for  which  the  engine  is  intended  to  be  used,  and  the  greatest  speed  at  whicli  it 
is  intended  to  work,  and  we  will  give  the  exact  information.  Get  Professor 
Rankine's  work  on  Engineering,  published  by  Griffin  and  Co.,  Paternoster- 
row.  Mr.  Weale,  of  Holborn,  has  published  several  books  which  it  is  evident 
you  would  find  useful. 

Beta. — The  "  multi-puncher,"  to  which  no  doubt  you  refer,  was  designed  and 
patented  by  Mr.  R.  Roberts,  of  Manchester,  and  was  erected  at  the  Canada 
Works,  Birkenhead,  where,  by  its  use,  it  has,  we  believe,  repaid  its  cost  very 
many  times.  The  other  machine  is  manufactured  l)3r  Messrs.  Collier  and  Co., 
of  Salford. 

M.  de  Britto. — The  engines  were  constructed  by  Messrs.  Humphrys,  Tennant, 
and  Co.,  of  Deptford.  The  frigate  was,  we  think,  built  by  Messrs.  Wigram 
and  Co.,  Blackwall. 

R.  R. — Clifford's  boat  lowering  apparatus  is  the  one  we  recommend,  in  the  most 
perfect  belief  as  to  its  great  superiority. 

S.  (Calcutta). — The  locomotives  were  designed  by  Mr.  John  Kershaw,  C.E.,  of 
Duke-street,  Westminster,  London ;  and  built  by  Messrs.  Sharp,  Stewart,  and 
Co.,  of  Manchester. 

"  120°  in  the  Engine-room." — Cover  j'our  cylinders,  steam  pipes,  and  other 
hot  surfaces,  with  Spencer's  patent  composition  for  preventing  the  radiation 
of  heat ;  it  is  far  better  than  the  felt  and  wood  usually  employed,  and  much 
cheaper,  too  ;  "  it  sticks  like  wax."  Mr.  James  Spence,  of  Portsmouth  Dock- 
yard, is  the  patentee. 

D.  (Dundee). — Messrs.  Rennie  have  sent  out  to  Spain  such  a  floating  dock  for  the 
Spanish  Government. 

Phillip  "  N.  W." — If  your  measurement  of  the  fine  steel  music  wire  is  accurate, 
the  strength,  according  to  our  calculation,  is  equal  to  about  182  or  184  tons 
per  square  inch.  How  was  it  hardened  and  drawn  ?  Send  some  pieces  for 
our  inspection  and  experiment,  as  we  have  by  us  the  apparatus  we  employed 
in  making  the  experiments  in  connection  with  the  great  music  wire  patent 
cause,  Horsfall  v.  Smith,  tried  at  Guildhall,  Loudon,  about  five  years  ago. 

Feero-Carrill. — Repeat  your  first  inquiry  more  distinctly.  The  Bessemer 
process  is  in  successful  working,  and  the  Bessemer  steel  is  being  extensively 
used  in  rolling  rails  for  railways.  The  greatly  increased  wear  and  tear,  anil 
the  comparative  badness  of  the  iron  rails  rolled  within  the  last  few  years  in 
Wales,  combined  to  render  the  employment  of  steel  necessary.  We  do  not 
know  anything  of  the  firm  named  by  you,  and  do  not  desire  to  do  so. 

X.  X. — Mr.  Fairbairn's  experiments  are  the  most  recent.  For  a  report  of  the 
very  complete  set  of  experiments  on  the  strengths  of  iron  and  steel  by  Mr.  D. 
Kirkald}-,  of  Glasgow,  refer  to  The  Artizan  for  1861 ;  but  he  has  since 
published  the  two  series  of  experiments,  &c,  iu  a  volume,  the  second  edition 
of  which  was  noticed  in  The  Artizan  for  July,  1863. 

J.  G.  (Edinburgh). — We  should  like  to  know  what  heat  you  employed  when 
the  prussiate  of  potash  was  applied,  as  a  proper  treatment  with  prussiate  of 
potash  should  certainly  harden  the  metal. 


RECENT    LEGAL    DECISIONS 

AFFECTING  THE  ARTS,  MANUFACTURES,  INVENTIONS,  &c. 


Undeb  this  heading  we  propose  giving  a  succinct  summary  of  such  decisions  and  other 
proceedings  of  the  Courts  of  Law,  during  the  preceding  month,  as  may  have  a  distinct 
and  practical  bearing  on  the  various  departments  treated  of  in  our  Journal :  selecting 
those  cases  only  which  offer  some  point  either  of  novelty,  or  of  useful  application  to  the 
manufacturer,  the  inventor,  or  the  usually — in  the  intelligence  of  law  matters,  at  least 
— less  experienced  artizan.  With  this  object  in  view,  we  shall  endeavour,  as  much  as 
possible,  to  divest  our  remarks  of  all  legal  technicalities,  and  to  present  the  substance 
of  those  decisions  to  our  readers  in  a  plain,  familiar,  and  intelligible  shape. 


Bovill  v.  the  Brighton  and  Uckfield  Bailwat  Company.— Mr.  Lush,  Q.C.,  and 
Mr.  Watkin  Williams  were  for  the  plaintiff;  Mr.  Hawkins,  Q.C.,  Mr.  Waller,  of  the 
equity  bar  (specially  retained),  and  Sir  G.  Honeyman,  were  for  the  defendants.  The 
plaintiff  in  tins  case  is  the  well-known  engineer.  He  sued  the  defendants  upon  an  agree- 
ment by  which  he  was  engaged  to  negociate  and  conclude  a  contract  for  them  with  Sir 
Morton  Peto  and  Mr.  Betts  for  the  construction  of  the  defendant's  line  for  £215,000,  for 
concluding  which  he  was  to  be  paid  a  commission  of  £500,  and  the  breach  of  contract 
complained  of  was  that,  after  he  had  concluded  the  contract  with  Messrs.  Peto  and  Betts, 
the  defendants  repudiated  his  authority  to  enter  into  it  for  them,  and  refused  to  complete, 
and  thus  prevented  him  from  earning  his  commission.  After  the  pleadings  had  been 
opened  by  Mr.  Watkin  AVilliams,  the  counsel  on  each  side  entered  into  a  negociation, 
the  result  of  which  was  that  the  defendants  submitted  to  a  verdict  for  £500. 
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NOTES  AND  NOVELTIES. 


OUR  "NOTES  AXD  NOVELTIES"  DEPARTMENT.— A  SUGGESTION  TO  OUR 
READERS. 
We  have  received  many  letters  from  correspondents,  both  at  home  and  abroad,  thanking 
us  for  that  portion  of  this  Journal  in  which,  under  the  title  of  "Notes  and  Novelties," 
we  present  our  readers  with  an  epitome  of  such  of  the  "events  of  the  month  preceding" 
as  may  in  some  way  affect  their  interests,  so  far  as  their  interests  are  connected  with 
any  of  the  subjects  upon  which  this  Journal  treats.  This  epitome,  in  its  preparation, 
necessitates  the  expenditure  of  much  time  and  labour ;  and  as  we  desire  to  make  it  as 
perfect  as  possible,  more  especially  with  a  view  of  benefiting  those  of  our  engineering 
brethren  who  reside  abroad,  we  venture  to  make  a  suggestion  to  our  subscribers,  from 
which,  if  acted  upon,  we  shall  derive  considerable  assistance.  It  is  to  the  effect  that  we 
shall  be  happy  to  receive  local  news  of  interest  from  all  who  have  the  leisure  to  collect 
and  forward  it  to  us.  Those  who  cannot  afford  the  time  to  do  this  would  greatly  assist 
our  efforts  by  sending  us  local  newspapers  containing  articles  on,  or  notices  of,  any  facts 
connected  with  Railways,  Telegraphs,  Harbours,  Docks,  Canals,  Bridges,  Military 
Engineering,  Marine  Engineering,  Shipbuilding,  Boilers,  Furnaces,  Smoke  Prevention, 
Chemistry  as  applied  to  the  Industrial  Arts,  Gas  and  Water  Works,  Mining,  Metal- 
lurgy, &e.  To  save  time,  all  communications  for  this  department  should  be  addressed 
"19,  Salisbury-street,  Adelphi,  London,  W.C."  and  be  forwarded,  as  early  in  the  month 
as  possible,  to  the  Editor. 


MISCELLANEOUS. 

Atrial  Locomotion. — On  the  subject  of  such  movement  by  means  of  screw  propellers, 
M.  Iiabinet  expresses  himself  as  follows  : — "  MM.  Nadar  and  de  la  Landelle  have  con- 
structed a  little  apparatus  which  receives  its  propulsion  by  means  of  springs,  and  which 
rises  in  the  air,  springs  and  all,  without  any  other  action.  These  little  engines  are  there- 
fore perfectly  automotive,  and  find  a  fulcrum  in  the  air.  The  form  of  the  screw-prope  1- 
lors  remains  to  be  studied,  a  i  well  as  the  nature  of  the  steam-engine  which  is  to  provide 
the  force  of  locomotion;  but,  as  a  large  model  is  always,  in  a  mechanical  point  of  view, 
more  advantageous  than  a  small  apparatus,  we  may  here  boldly  say  that  if  a  mouse  has 
been  carried  up  into  the  air,  it  ..ill  be  much  more  easy  to  transport  an  elephant.  That 
is  a  question  of  money  and  technology.  Hence  we  may  warrant  the  success  of  aerial 
navigation  within  the  limi  ibility  ;  that  is,  we  shall  never  be  able  to  go  against 

violent  wind-  which  the  strongest  birds  cannot  resist.  As  to  the  exclusion  of  air- 
balloons,  which  .MM.  Xadar  and  de  la  Landelle  proscribe,  natural  philosophers  have  long 
considered  the  directing  of  balloons  lighter  than  air  as  a  problem  which  is  not  only  in- 
soluble, but  absurd.  As  to  screw-propellers,  thej  .-sesscd  of  great  velocity, 
but  a  great  many  may  be  applied  60  as  to  work  together.  A  Bpring  will  give  the  propel- 
lers a  regular  motion,  and  the  steam-engine,  made  of  thin  metal,  is  only  to  keep  the 
spring  constantly  tight.  ?  will  act  as  a  try  for  tho  motive  power.  As  to  the 
necessary  velocity,  I  may  say  that  on  the  S  di  r,  the  screw  of  which  hod 
a  distance  oi  tween  the  threads,  and  which  alight  have  performed  a  kilometre, 
in  800  revolution,,  only  went  2' » >  metres  when  it  turned  slowly,  whereas  it  went  S m  metres 
when  turned  fast.  The  advantageou  effect  of  rapidity  consists  in  this,  that  the  air, 
obliged  to  yield  to  the  impulse,  has  not  time  to  escape  from  under  the  screw,  and  is 
strongly  compressed,  For  this  same  reason  a  parachute  descends  slowly,  because,  to 
pe  from  under  it,  the  air  must  fetch  a  considerable  compass,  which  is  effected  at  the 
expense  of  the  descent." 

Nkw  Coating  fob  Iron-plateo  Vessels. — Some  experiments  with  a  new  method  lor 
coating  the  iron  plat       if  Is,  to  preserve  them  from  oxidation  and  fouling,  have  been 

so  satisfactory  that  the  Admiralty  has  ordered  the  whole  of  the  armour-plates  of  the 
cupola  ship  itni/ui  end.     The  material,  which  has  been 

iluced  by  Messrs.  II.  .1.  Hall  and  Co.,  is  termed  "  Brown's  vitreons  sheathing,"  and  con- 
stats of  a  surface  of  glas-  rased  anon  small  plat.-,  of  iron,  infficiently  to  be  to  a  certain 
extent  flexible  which  are  applied  to  the  ship  by  n  new  adheshre  process,  and  which  have 
been  ascertained  to  be  capable  of  resisting  all  ordinary  contingencies  from  pressure  or 

abrasion.    Ocmrared  with  other  metallic  coating  substances,  thi-  shi  lomi- 

cal,  the  cost  being  1-.  Ud.  per  iqnare  loot.    The  I',  nin-ular  and  Oriental  Company  have 
I  the  invention,  and  a  trial  of  it  has  been  ordered  by   the   French  Emperor  at 
Cherbourg. 

Application  oi  Steel. — Experiment-  have  been  made  iii  Prussia  to  ascertain  the 
capabilities  and  advantage  ■  el  -team  boilers.    Two  cylindrical  egg-end  boilers, 

one  of -tee],  the  other  of  wrought-iron,  were  composed,  and  after  working  she  months 
were  examined.    They  were  80ft.  long,  and  lft  In  diameter;  the  steel  boiler  plats  was 
hick.    It  was  tried  by  the  hyrauile  test,  to  ■  ■  -■.  pet  square  tnoh, 

without  altering  it  After  working  sis  months,! 

plates  were  found  quite  unaffected,  and  bad  s  remarkably  rmall amount  of  tnorustatl 
compared  with  the  other  boiler.    Theformei  ban  the 

latter.  Another  examination  has  recentrj  been  made,  the  boiler  baring  been  In  use  tor  s 
year  and  a  half,     i  lor  was  found  in  excellent  condition.    It  appeared  that  if 

evaported  1 1'fiff  cubic  feet  per  hour,  against  9"87  by  the  common  boiler,  with  about  the 
same  expenditure  of  fuel. 

Terra umc  Wirs. — Telegraphic  win  ha-  become  rather  m  Important  article  of 
■  imuicrci-.     During  the   last    te  has  been  exported  to  the  Ibllowh 

1863,    £72,684;    1864,   £81,668;    1866,     £183.737;    1866,     I  1868, 

£234,708;  1869,  £742308 ;  I860, £261,712 ;  1881, £214,441  j  1862,  £321,044,  Weliav.ihu- 
in  the  ten  year*  an  s  |  ort  ,,i  the  rains  of  U2, 17 1,11". 

NAVAL  ENGINEERING. 

Thf.  "Wn," Iron  screw  storeshlp,  700  tons.  100  bone-power,  which  has  recently  re. 

cetved  extensive  repairs,  and  been  fitted  with  new  boflen  bulll  Dennei 

Brothers,  at  the  hands  or  the  operatives  ol  Bhocrni    -  l>.  kya  :i>m>  hor  trial 

at  the  measured  mils  off  MapUn  Bands,    i  i    ■    knots, 

vacuum  27in. ,  revolution 

fhtof  water    forward,  i"it.  Un.;  alt  ISfteln.    The  »•<■-  Ifnth's 

w,  pitch  16ft.,  diameter,  12ft.  6ln.;  and  the  Indloati  I  si  of  her  ong 

640.     The  i  klend  very  succcsidul,  nnd  the  vessel  will  short]  j  leers  for  the 

West  cna- 1  of  Africa  a-  a  -tore-hip. 

ktrsrrju&n   Prior  Bos*     \  nsw  pilot  lif.-ie.it  aft.  in  length,  traflt  by  tho  thlpwrtghl 
■  mi-iit  of  Woolwich  Dock 
Dished  by  Mr.  Torner,  the  Ipwrlght  oi  II 

port.    The  boat,  which  > 


air  cases  and  open  tubes  through  the  bottom.  If  turned  over  and  filled  with  water  it 
will  right  itself  in  about  15  seconds.  The  air  cases  are  movable,  so  as  to  be  easily  taken 
out  for  painting  and  inspection,  with  the  exception  of  the  long  middle  trunk,  through 
which  the  open  tubes  pass,  and  which  is  fastened  to  the  boat  for  the  purpose  of  strength- 
ening her  lengthways.  Should  any  water  penetrate  into  the  trunk  by  any  unforeseen 
mishap  it  can  be  cleared  out  readily  by  the  removal  of  some  metal  screws  in  the  lower 
pait  of  the  sides  of  the  trunk.  But  should  the  boat  by  any  possibility  ship  a  sea,  filling 
her  entirely,  it  would  run  out  in  15  seconds.  If  a  small  quantity  of  water  should  find  its 
way  into  the  joints  of  the  cases  they  can  be  emptied  by  taking  up  the  short  piece  of  mid- 
ship bottom  board  and  the  case  under  each  side.  The  sailing  qualities  of  the  lifeboat 
were.tested  at  various  times  in  the  river,  preparatory  to  her  being  despatched  from  Wool- 
wich yard.  On  one  occasion  daring  a  high  wind,  when  all  her  sails  were  set  she  continued 
her  course  buoyantly  with  her  gunwale  12in.  under  water. 

The  "Onondaga,"  American  Iron-clad  Steamer,  has  been  recently  launched  from 
the  Continental  works,  Grccnpoint,  U.S.  The  Onondaga  is  230ft.  long,  52ft.  beam,  and 
loft.  deep.  She  is  unlike  the  Monitors  afloat  in  some  respects,  having  side  armour,  con- 
sisting of  l^in.  in  thickness,  of  rolled  plate  iron,  to  which  is  bolted  a  hammered  iron 
plate  4'jin.  thick  ;  to  this  is  fastened  solid  locust  timbers,  13in.  deep,  and  over  this  a 
guard  of  plate  iron,  lin.  thick,  is  securely  bolted.  The  deck  is  of  iron,  2in.  thick,  rivetted 
to  iron  beams,  and  to  have  an  ash  planking  on  this  deck  Sin.  thick.  There  will  be  two 
turrets,  each  21ft.  in  diameter,  Oft.  high,  made  of  tiin.  rivetted  plate  iron,  and  over  this  a 
hammered  iron  plate  is  fastened,  making  altogether  12",in.  of  iron  in  thickness.  A  pilot 
house,  6ft.  diameter,  inside,  is  placed  over  the  forward  turret,  made  in  the  same  general 
manner  as  the  turrets.  Her  motive  power  consists  of  two  propeller  wheels,  one  under 
each  counter,  both  driven  by  a  pair  of  engines,  30in.  bore,  and  18in.  stroke  of  piston, 
supplied  with  steam  from  four  tubular  boilers. 

Iron  Frigate  os  Mb.  Reed's  Principle.— The  first  of  anew  description  of  iron  frigates 
to  be  constructed  according  to  Mr.  Reed's  plan  is  to  be  laid  down  at  Chatham  as  soon  as 
the  resources  of  that  establishment  will  permit.  The  new  frigate  is  to  be  named  the 
the  BMcrophon,  and  although  somewhat  smaller  than  of  the  iron  ships  of  the  Achilles 
class,  is  intended  to  be  superior,  both  for  offensive  and  defensive  purposes,  to  anv  of  the 
iron  steamers  now  alloat,  while,  from  the  several  improvements  already  effected  in  iron 
shipbuilding,  she  is  expected  to  be  a  first-rate  sea-going  ship.  The  Betterophon  will  be  a 
little  over  2ikii'i.  in  length,  or  about  80ft.  less  than  the  Achilles,  and  with  a  breadth  of 
beam  of  50ft.  She  is  only  intended  to  mount  12  guns,  but  these  will  be  of  the  most 
powerful  description  used  in  the  service.  The  vessel  will  be  incased  in  iron  armour- 
plating  of  5iin.  in  thickness  in  her  most  exposed  parts,  and  Hiu.  in  other  portions  of  the 
vessel.  She  will  he  fitted  with  engines  of  1200  horse-power,  in  order  to  enable  her  to 
steam  15  knots  an  hour. 

Trial  Trip  ov  the  "Recruit."— The  iron  paddlewhccl  steamer  Recruit,  6,  150-horse 
power,  fitted  at  Chatham  for  the  coast  of  Africa,  was  taken  to  the  Maplin  Sands  on  the 
19th  ult.,  for  the  purpose  of  making  an  official  trial  of  her  speed  at  her  sea-going  trim, 
with  all  her  Armstrong  and  other  guns,  stores,  &c,  on  board.  On  the  occasion'"!'  her 
former  trial,  on  the  9th  lilt.,  the  Recruit,  after  one  break  down,  attained  an  average  speed 
of  10'508  knots  per  hour  in  six  runs  at  fall  boiler  power.  In  four  runs,  with  half  of  the 
boilers  cut  off,  the  average  speed  was  B'662  knots,  the  paddlewheels  making  ■'!!  revolu- 
tions per  minute.  Her  mean  draught  was  eight  feet.  Since  her  former  trial  all  her  guns, 
.V.C.,  have  been  put  on  board.  With  all  her  stores  on  board  the  Recruit  lies  like  a" 
log  in  the  water,  and  at  times  during  flic  trial  tho  sea  washed  over  her  sponsons  in  a 
manner  which  was  rather  alarming.  (Inly  two  runs  were  made  at  the  measured  mile. 
when  the  .-peed  attained  was  only  about  live  knot-;  an  hour.     Alter  -teaming  twice  over 

the  Maplin--,  the  performance  of  the  vessel  was  found  to  be  in  the  highest  degree  un-ati-- 
factory,    Captain  Hall  consequently  determined  on  abandoning  the  trial,  and  the  i 
was  brought  back  to  harbour,  a  very  Btrong  report  of  the  unfavourable  result  of  the  trial 
being  at  once  forwarded  to  the  Admiralty. 

A  Xi.w  War  Vessel.— A  new  war  vessel  is  in  course  of  construction  at  Cincinnati,  l.S. 
This  strange  craft   is  known  as  TfflAotSa  !('«,•    Turtle.     It    is  shaped  like  a  large  punch- 
bowl, with  the  propeller  in  the  form  of  a  turbine  wheel,  placed  at  the   bottom,  ami  so 
arranged  as  to  take  water  in  through  eight  radial  tube-,  which  mav  he  opened  OX  i 
by  valves;  the  i  aid  tubes  connecting  with  the  propeller  and    outer  edge   or   hull   of  tho 

The  propeller  passes  the  water  downward  from  its  cylinder  and  revolves  always 

in  tie-  same  direction,  and  when  the  vessel  is  to  be  moved  forward  in  anv  direction,  one 
or  more  of  the  valve- is  opened,  thereby  relieving    the    pressure    on  that  "side,  while'  the 

pressure  siili  remains  on  the  opposite  side  to  propel  tho  vessel    The  turret  i-  very  similar 

in  appearance  to  chose  on  the  Monitors,  hut  i-  built  fixedly  and  firmly  on  the  top  of  the 

and  lined  Inside  with  heavy  timber.    It  revolves  with  the  boat  by  the  action  of 

the  water  upon  the  rudders  placed  in  the  mouth  of  the  radial  tubes.  It  mounts  four 
guns. 

TnK  Trial  Tin  p  of  the  "OhOITJM"  troopship,  ('tip.  \V.  II.  Hive,  look). lace  on  the  12th 
ult.  Si  the  measured  mile  in  Stokes  Hay,  under  the  supervision  of  Captain  11.   Broadhead, 

Mr.  Lsingiloii,  who  represent,-. 1  the  linn  of  Messrs,  .1.  Watt  and  Co.,  the  makers  Of  the 
engine-,  was  a] i  hoard.     She  made  -i\  runs  at  lull  speed,  with  steam  pre— ureal  221b., 

vacuum  22m.,  and  60  revolution-  of  engines,  giving  an  average  of  12'352  knots;  and  at 
half-boiler  power,  with  steam  pressure  at  261b.,  vacuum  Bom.,  and   HP."  revolutions  of 

,  giving  an  a  veragc  -peel   of  9768  knots.     She  t  hen  made  the  circle,  with  helm 

a-pori,  at  full  power,  InBmln.  24sec.,  and  at  half-power,  with  helm  a-port,  In  iimin.  Isec, ; 

and  with  helm  a-starl..eir.|  at  full  power,  Ihe  circle  was  made  in  tiniin.,  and   at  hail-power 

InBmln.  28soc,    The  half  circle  was  made,  at  full  power  and  helm  a-porl  Omln.a 

and  at  halt-power  loon.  loses,;  and  with  helm  a-  larboard,  full  power,  oinin.  17-, c.;  half- 
power,  limn.  H-c,  Her  draught  of  watei  was— forward,  21ft.  tiin. ;  aft,  22lt.  liin.  The 
trial  WSS  considered  very  -ati-l'uctory. 

Tin:  "  I., -en  Wum.iv"  -This  armour  clad  frigate,  like  the  Beyoi  ,)„<-.  thda-t  resaa] 
built  on  tho  same  slip,  will  be  constructed  almost  entirely   of  foreign  oak.    In  thi 

ml  Important  Improvements  will  be  offected  bj  Mr. 

om  whose  di  The  plan  of  lessening  the  thickness  of  the 

armour  plating  on  the  boi  rn,  hitherto  adopted  In  this  class  of  vessel,  I    to  be 

Jen,  and  lb,-  admiralty  hire  decided  on  em 
one  uniform  thtokuose  of  an ir-plates;  sothatsho  will  have  tho  same  descrip- 
tion ol  platSS  on  her  stem   a-  ,ci  her  broad-id,-,  the  u-c  to  which    it  i-  intended  to  apply 

her  rendering  ll  mosl  Important  thai  her  bow  should  be  corefullj  prol  enor> 

trciigth.     Another  important  l-atun   u,  tho  I  ■rl  Wartlrn  will  (  -  of  a 

powerful  battery  of  gnu-  at  her  bow,  in  which  iho  will  differ  from  all  nth 
war  now  afloat.    This  batten  will  be  -•.  pis I  as  to  enable  tho 

while  the  wild,  Iron-plated  bow  will  be  i  srricd  up  infflclcntij  high  to  form  a  nor! 

..I    lower,  in   which   the  f Will   be  |.| ,1  \      lh.  .gill  d   to  si  cam    a  I 

■   erfnl  bon  batter)  will  prove  of  the  ul t  value  when 

chasings  ho  ipport  this  additional  weight  thrown  on  the  bow 

tin-  bo.lv,, i  tho  frigate  will  be  built  out  Into  a  long  projecting  prow,  several  feci  bolow* 
the  water,  and  this  will    sirs  a  twofold  advantage    that  of  giving  Incn 

-  at. .  an. i  hi  I  furnishing  her  with  s  most  powerful  meat 

nig,  o,  thi*  rep.-,  t.  different  to  i  rcrj  othi  r  i 
i  huge  steel 
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cleaver,  and  this  formidable  weapon  will,  it  is  anticipated,  cut  completely  through  a  hos- 
tile ship  when  used  as  a  ram,  as,  from  the  enormous  size  and  momentum  of  a  vessel  of 
the  Lord  Warden's  dimensions,  one  or  at  the  most,  two  blows  would  be  sufficient  to  sink 
the  largest  vessel  afloat.  The  ports  in  the  new  frigate  will  be  more  elevated  above  the 
■water  line,  and  the  armour-plating  carried  lower  down  than  in  any  other  vessel  of  the 
class,  notwithstanding  which  provision  is  made  for  a  high  rate  of  speed. 

The  Russian  Ikon-clad  Batteey  "  Pervenitz"  left  Gravesend  on  the  8th  ult.,  for 
Cronstadt,  under  steam.  On  arriving  off  the  Maplin  Sands  she  was  tried  at  the  measured 
mile,  and  realised  a  mean  speed  of  eight  knots,  with  80  revolutions  of  her  engines,  the 
maximum  number  of  revolutions  being  110.  She  completed  a  full  circle  in  five  minutes 
fifteen  seconds,  and  was  found  to  be  under  the  most  perfect  command  of  the  helm. 

The  Paddle-wheel  Steamer  "  Salamis,"  250-horse  power,  was  taken  out  of  Chatham 
harbour  on  the  1st  ult.,  for  the  purpose  of  making  her  first  trial  of  speed  on  the  com- 
pletion of  the  fitting  of  her  engines.  The  engines  were  in  charge  of  Mr.  Ravenhill,  of 
the  firm  of  Ravenhill,  Salkeld  and  Co.,  by  whom  they  have  been  manufactured.  With 
180  tons  of  coal  on  board,  the  Salamis  drew  9ft.  llin.  aft,  and  9ft.  |6in.  forward;  or,  in 
other  words,  she  was  on  a  nearly  even  keel.  She  is  fitted  with  Morgans's  patent  feather- 
ing floats,  and  her  engines  are  fitted  with  all  the  modern  improvements.  The  diameter 
of  the  cylinders  is  61in.,  and  the  length  of  stroke  4ft.  6in.  She  has  four  boilers  in  which 
the  steam  is  generated,  and  12  furnaces,  in  addition  to  which  she  is  fitted  with  super- 
heated steam  apparatus.  The  vessel  was  taken  considerably  past  the  Mouse  light,  as  far 
as  the  entrance  to  the  Downs,  when  with  full  boiler  power  the  speed  of  the  vessel  was 
very  satisfactory.  Two  runs  were  made  at  the  measured  mile,  Maplin  sands,  at  about 
three-quarter  speed,  and,  notwithstanding  that  the  paddlewheels  were  only  making  an 
average  of  34  revolutions  per  minute,  the  vessel  attained  an  average  speed  of  close  upon 
15  knots  per  hour.  With  an  improved  trim  and  with  38  revolutions  of  the  paddlewheels 
there  is  little  doubt  that  she  will  attain  an  average  of  16  knots  per  hour,  which  is  ex- 
ceedingly satisfactory.  During  the  trial  her  engines  worked  with  remarkable  smooth- 
ness, and,  notwithstanding  that  it  was  the  first  occasion  of  their  being  tried,  there  was 
no  priming  and  no  occasion  to  stop  the  machinery  on  account  of  hot  bearings.  The 
second  official  trial  of  the  Salamis  took  place  on  the  21st  ult.,  at  the  measured  mile,  off 
the  Maplin  Sands.  The  wind  at  the  time  of  the  trial  was  blowing  from  the  westward  with  a 
force  of  three,  and  there  was  a  moderate  sea  on.  Six  runs  were  taken  at  full  boiler  power, 
■with  the  following  results : — In  the  first  run  the  time  was  4m.  34s.,  the  speed  in  knots 
13139,  the  pressure  of  steam  261b.,  and  the  number  of  revolutions  of  engines  38  ;  in  the 
second  run  the  time  was  3m.  36s.,  the  speed  in  knots  16667,  the  pressure  of  steam  261b., 
and  the  number  of  revolutions  of  engines  39 ;  in  the  third  run  the  time  was  4m.  36s.,  the 
speed  in  knots  13043,  the  pressure  of  steam  261b.,  and  the  number  of  revolutions  38  J;  in 
the  fourth  run  the  time  was  3m.  35s.,  the  speed  in  knots  16744,  the  pressure  of  steam 
261b.,  and  the  number  of  revolutions  of  engines  37i;  in  the  fifth,  run  the  speed  was 
4m.  38s.,  the  speed  in  knots  12'95,  the  pressure  of  steam  261b.,  and  the  number  of  revolu- 
tions of  engines  38 ;  in  the  last  run  the  time  was  3m.  40s.,  the  speed  in  knots  16'3G4,  the 
pressure  of  steam  261b.,  and  the  number  of  revolutions  of  engines  37.  The  average  speed 
of  the  six  runs  was  14'843  knots,  equal  to  17i  statute  miles  per  hour.  This  result  was  in 
the  highest  degree  satisfactory.  The  Salamis  afterwards  made  four  runs  at  half-boiler 
power,  with  the  following  results : — In  the  first  run  the  time  was  5m.  12s.,  the  speed  in 
knots  1L538,  the  number  of  revolutions  38,  the  pressure  of  steam  261b. ;  in  the  second 
run  the  time  was  4m.  22s.,  the  speed  in  knots  1374,  the  number  of  revolutions  30,  and 
the  pressure  of  steam  261b.;  in  the  third  run  the  time  was  5m.  9s.,  the  speed  in  knots 
11'65,  the  number  of  revolutions  30}-,  and  the  pressure  of  steam  261b. ;  in  the  fourth  run 
the  time  was  4m.  23s.,  the  speed  in  knots  13'688,  the  number  of  revolutions  30.,  and 
the  pressure  of  steam  261b.  The  mean  average  speed  of  the  four  runs  was  12-648  knots. 
At  the  close  of  the  official  runs  some  experiments  were  made  in  making  the  circle.  At 
full  speed  the  complete  circle  was  made  in  5m.  10s.,  the  rudder  being  brought  over  to  an 
angle  of  35  deg.  by  three  men  with  three  and  a  half  turns  of  the  wheel.  At  half  speed 
the  complete  circle  was  made  in  5m.  29s.  With  the  helm  hard  a-port,  the  half  circle  was 
made  in  2m.  39s.,  and  with  the  helm  hard  a-starboard  the  half  circle  was  accomplished  in 
2m.  23s.,  the  rudder  in  each  case  being  over  at  an  angle  of  30  deg.,  and  the  diameter  of 
the  circle  being  about  three  times  the  vessel's  length.  At  half  speed,  with  the  helm  at 
port,  the  half  circle  was  made  in  2m.  40s.,  and  with  the  helm  at  starboard  in  2m.  53s., 
with  three  men  at  the  wheel,  the  rudder,  which  was  at  an  angle  of  30|  deg.,  being  brought 
over  in  three  turns.  The  engines  from  full  speed  were  stopped  dead  in  13  see.  from  the 
word  being  given  from  the  bridge,  and  when  going  astern  the  engines  were  stopped  in 
3  sec.,  and  turned  ahead  in  3  see.  From  full  speed  ahead  the  engines  were  stopped  and 
started  astern  in  40  sec.  The  boilers  generated  a  full  supply  of  steam,  and  not  the 
slightest  appearance  of  hot  bearings  was  indicated.  The  engines  worked  with  the  greatest 
smoothness  and  regularity,  and  the  diagrams  of  the  expansion  cards  were  exceedingly 
favourable.  During  the  trials  the  average  temperature  was  82  deg.  in  the  engine-room, 
92  deg.  in  the  after  stokehole,  and  94  deg.  in  the  forward  stokehole. 

The  Teial  Trip  of  the  "  Aurora,"  Twin  Sceew  Steamee,  took  place  on  the  25th 
ult.  The  Aurora,  built  and  engined  by  Messrs.  J.  and  W.  Dudgeon,  of  Millwall,  is  an 
iron  vessel,  165ft.  in  length,  with  a  beam  of  23ft.,  a  depth  of  13ft.  6in.,  an  area  of  midship 
section  of  150  square  feet,  and  a  displacement  of  400  tons.  Her  engines  have  a  collective 
nominal  power  of  120  horse,  and  drive  two  three-bladed  screws,  each  independently  of  the 
other,  7ft.  in  diameter,  and  with  a  pitch  of  14ft.  6in.  The  cylinders  have  a  diameter  of 
26in..  and  a  21in.  stroke.  The  Aurora  is  a  smart-looking  vessel,  with  much  finer  lines 
forward  and  aft  than  were  possessed  by  either  of  her  predecessors.  She  carries  two  short 
masts,  rigged  for  fore  and  aft  canvass,  and  altogether  has  the  appearance  of  a  thorough 
steam  clipper.  Her  draught  of  water  at  starting  was  7ft.  3in.  aft,  and  5ft.  3in.  forward. 
The  following  are  the  particulars  of  the  trial.— In  running  past  the  measured  mile  in  the 
Lower  Hope,  with  the  engines  going  103  to  105  revolutions,  she  was  timed  and  found  to 
go  over  the  ground  in  4  min.  8  sec,  giving  the  vessel  a  speed  of  14'516  knots.  At  T30 
p.m.,  the  Aurora  was  approaching  the  Sore  Light  vessel,  the  engines  averaging  120 
revolutions,  with  271b.  of  steam  and  a  vacuum  of  25In.,  and  every  part  working  with  the 
greatest  possible  smoothness.  At  1.37  the  Nore  was  passed,  the  distance  from  Tilbury, 
20  nautical  miles,  having  been  done  in  1  hour  and  17  minutes.  From  the  Nore  to  the 
Mouse  Light  the  vessel  continued  her  course,  the  wind  still  fresh  from  the  some  quarter, 
and  the  movement  of  the  water  which  necessarily  accompanied  it  giving  the  vessel,  from 
her  light  draught  and  hold  upon  the  water,  sufficient  "  roll  "  to  detract  from  the  efficient 
acting  of  her  only  just  submerged  screws.  Notwithstanding  this  disadvantage,  however, 
she  ran  past  the  "mile"  on  the  Maplin  Sands  in  4  min.  10  see.,  giving  a  speed  of  14'4 
knots,  it  being  now  slack  water,  and  the  tide  of  little  moment  either  way,  and  accom- 
plished the  distance  to  the  Mouse  Light  in  2  hours,  5  min.,  22  sec,  having  been  28  min., 
23  sec.  from  the  Nore— 8  nautical  miles.  During  the  latter  part  of  the  run  down,  a  small 
.lib  had  been  set  to  steady  the  vessel,  but  no  other  help  was  given  by  the  vessel's  canvass 
to  her  engines  in  attaining  this  somewhat  extraordinary  rate  of  speed.  From  the  Mouse 
the  Aurora  was  run  out  between  the  Maplin  and  the  Barrow  as  far  as  the  Swiu  Light. 
On  reaching  the  Swin  the  vessel's  head  was  brought  round  and  laid  homeward,  it  having 
been  decided  not  to  lengthen  the  trial  by  making  circles,  &c  From  the  Mouse  to  the 
Nore  in  the  teeth  of  a  strong  gale,  the  run  was  made  in  33  min.  15  sec,  the  time  being  at  the 
measured  mile  4  min.  25  sec.  Southend  was  passed  at  4  hours  15  min.,  and  about  two 
mdes  a  head  was  seen  the  Sea  Swallow,  one  of  the  fastest  paddle  steamers  on  the  Thames, 
plymg  between  London,  Southend,  and  Sheerness,  and  a  hot  chase  ensued,  the  Aurora 
eventually  passing  the  Sea  Swallow  at  4  hours  40m.,  in  the  midst  of  a  heavy  squall  of  wind 
and  ram,  and  subsequently  during  the  run  up  to  Blackwall  passing  everything  under 


steam  she  came  across.  Gravesend  was  passed  at  5  hours  15  min.,  the  engines  making 
on  an  average  127  revolutions,  and  Blackwall  pier,  the  closing  point  of  the  Aurora's  day's 
work,  being  reached  in  1  hour  7  min.,  the  distance  being  29  miles.  The  principle  of  the 
adaptation  of  twin  screws  to  ships  of  war  has  been  so  far  acknowledged  in  its  imDort- 
ance  by  the  Admiralty  that  their  lordships  have  given  Messrs.  Dudgeon  an  order  to  con- 
struct a  small  vessel,  which  shall  combine  in  their  most  efficient  form  the  double-screw 
principle. 

Naval  Appointments. — The  following  appointments  have  taken  place  since  our  last : 
— W.  Stacey,  engineer,  and  W.  Crow  and  J.Glaysher,  assistant-engineers,  to  the  Recruit  ; 
W.  Hardie,  engineer  to  the  Fisgard,  as  supernumerary ;  A.  Atken,  supernumerary  in  the 
Asia,  promoted  to  Engineers  ;  J.  Elwess  and  J.  Rogers,  supernumeraries  in  the  Asiar 
promoted  to  first-class  Assistant-Engineers ;  E.  Brown,  Engineer  to  the  Asia,  for  the 
Albacore;  W.  Herd  and  J.  Davies,  Assistant-Engineers  to  the  Hawke;  G.  R.  Bissaker,  R. 
Ditehburn,  J.  Barr,  G.  Murray,  S.  Scott  (B),  J.  Hughesden,  T.  S.  Blyth,  F.  M.  C.  Richards, 
Assistant-Engineers  to  the  Marlborough,  as  supernumeraries  for  disposal ;  J.  M.  Page, 
first-class  Assistant-Engineers  to  the  Orontes ;  T.  Scott  (A),  confirmed  as  first-class 
Assistant-Engineer  in  the  Pembroke;  W.  Rumble,  first-class  Assistant-Engineer  to  lhe 
Cumberland,  for  the  Wizard;  A.  Brown,  promoted  to  Acting  First-class  Assistant- En- 
gineer in  the  Galatea ;  R.  Jago,  Second-class  Assistant-Engineer,  to  the  Jago;  J.  Spinks, 
Acting  Engineer,  A.  Smart,  First-class  Assistant  Engineers,  and  J.  \V.  Smart,  Second- 
class  Assistant  Engineer,  to  the  Snipe;  W.  H.  Brimfield,  Acting  First-class  Assistant  En- 
gineer, to  the  Wye;  D.  Wilson,  R.  M'Caskill,  A.  Kennedy,  M.  Baird,  D.  Sharp,  J.  M'Arthur, 
P.  Foules,  J.  Mu'ir,  E.  Bennett,  .1.  Criehton,  J.  Galbraith,  S.  M'Dougall,  E.  M'Leish,  and 
J.  Frazer,  promoted  to  Assistant  Engineers  of  the  first-class  ,•  R.  Crosswaite,  Engineer,  to 
the  Liverpool;  E.  N.  Coekrell,  First-class  Assistant  Engineer,  to  the  Marlborough; 
D.  Wishart,  in  the  Brisk,  promoted  to  Acting  First-class  Assistant  Engineer;  H.  Cook, 
promoted  to  Acting  Chief  Engineer ;  J.  T.  Kelly,  promoted  to  Acting  First-class 
Assistant  Engineer. 

MILITARY  ENGINEERING. 

Beoadwell's  Breech-Loading  Gun. — The  officers  composing  the  Ordnance  Select 
Committee  of  Woolwich  Arsenal  have  recently  been  engaged  at  the  proof  butt,  in  order 
to  test  the  Broadwell  breech-loading  principle,  which  they  have  had  under  consideration 
for  some  months  past.  This  system  consists  of  a  peculiarly  shaped  self-acting  gas  ring 
or  valve,  which  in  previous  trials  was  placed  in  the  wedge  or  brtech  block  of  the  gun,  the 
position  and  shape  of  which  Mr.  Broadwell  has  since  changed.  The  chief  object  of  this 
trial  was  to  test  the  advantages  of  the  alteration.  The  gas  ring  is  now  fitted  behind  the 
bore,  and  acts  against  a  bearing  in  the  face  of  the  breech  block.  The  intention  of  the 
inventor  in  making  this  alteration  appears  to  be  to  improve  the  facility  of  its  application 
to  guns  not  constructed  expressly  for  its  use.  The  issue  of  the  trials  is  pronounced 
exceedingly  satisfactory,  and,  according  to  the  opinion  freely  given  at  their  termination, 
the  merits  of  the  system  were  fully  established,  in  so  far,  at  least,  as  it  is  applicable  to 
guns  of  a  calibre  equal  to  an  18-pounder,  with  which  it  had  been  tested.  The  method  is 
now  to  be  tested  in  a  similar  manner  with  the  110-pounder  or  larger  guns.  An  important 
feature  in  the  invention  is  as  in  the  case  of  a  common  steam  valve,  that  the  greater  the 
pressure  the  tighter  the  breech  becomes  closed  against  the  escape  of  gas. 

Testing  or  English  and  Feench  Aemoue  Plates. — Some  interesting  testing  ot 
English  and  French  manufactured  armour-plates  took  place  at  Portsmouth  on  the  4th. 
and  5th  ult.,  the  practice  against  the  plates  being  carried  on  in  the  usual  manner,  with  a 
solid  cast-iron  shot,  fired  with  161b.  of  powder,  from  a  95cwt.  68-pounder,  at  200  yards' 
distance,  the  plates  being  bolted  on  the  sides  of  the  Thunderer  target-ship.  The  plates 
were  four  in  number,  and  comprised  two  manufactured  by  Messrs.  Petin,  Gaudet,  and 
Co.,  of  France ;  one  of  5iin.  thickness  of  metal,  15ft.  7in.  in  length,  and  3ft.  4in.  in 
breadth,  and  the  other  of  4jin.  of  metal,  and  of  the  same  length  and  breadth  as  the  5^in. 
plate.  The  third  plate  was  a  54in.,  from  the  Millwall  Iron  Works,  for  the  Agincourt, 
loft.  7in.  in  length,  and  3ft,  5iiu.  in  breadth ;  and  the  fourth  was  a  5Jin.  bent  plate  for 
the  Royal  Sovereign's  turrets,  from  Messrs.  Beale's.  of  the  Parkgate  Works,  Yorkshire. 
Messrs.  Beale's  plate,  the  Millwall,  and  the  French  4Jin.  were  tested  on  the  4th 
ult.,  the  French  5^in.  being  reserved  for  trial  on  the  following  day.  The  Millwall  plate 
received  11  shots,  and  was  very  severely  tried  by  overlapping  shots  at  either  end,  but  stood 
the  test  splendidly,  and  was  considered  a  plate  of  superior  quality.  Messrs.  Beale's  plate 
was  not  quite  so  good.  It  showed  a  number  of  small  cracks  and  an  inclination  to  open 
from  the  back.  Messrs.  Petin  Gaudet's  44in.  turned  out,  from  its  evident  carelessness  ot 
manufacture,  very  unsatisfactory,  and  failed  in  all  the  conditions  of  contract  as  relating 
to  it  short-resisting  powers.  The  metal  was  allowed  to  be  good,  but  its  manufacture  was 
very  indifferent.  When  examined  at  the  close  of  the  firing,  its  welding  was  found  to  be 
most  imperfect.  It  had  the  appearance  of  being  a  rolled  plate,  and  rolled  4Jin.  plates  are 
generally  finished  by  placing  four  2jin.  layers  of  iron,  carefully  cleaned  from  all  dirt  or 
oxide,  together,  and  then  rolling  the  lOin.  mass  down  to  the  required  4-iin.  The 
separation  of  these  four  layers  in  the  French  plates  disclosed  the  fact  that  no  care  had 
been  taken  in  cleaning  the  surfaces  of  the  four  layers  of  iron,  and  consequently  perfect 
adhesion  under  the  rolls  was  impossible.  Compared  with  the  4iin.  plate  supplied  to  the 
Admiralty  by  Petin  Gaudet  and  Co.,  the  one  tested  on  this  occasion  was  of  a  vastly  in- 
ferior character.  The  result  placed  the  three  plates  tested  in  the  following  order : — No. 
1,  Millwall  Company,  for  Agincourt,  5iin. ;  No.  2,  Beale,  for  Royal  Sovereign,  5%in.;  No. 
3,  Messrs.  Petin  Gaudet  and  Co.,  4fin.,  a  full  allowance  being  made  in  this  classification 
for  the  extra  inch  of  metal  in  Nos.  1  and  2  plates.  No.  3  received  in  all  15  shots,  pretty 
well  distributed,  three  being  edge  blows,  and  in  two  spots  overlapping.  No.  1  had  a 
diameter  of  9in.,  an  indent  of  2'l-10in.,  and  a  crack  6in.  across  the  indent.  No.  2  had  au 
indent  of  2in.  and  a  crack  8iu.  long.  No.  3  and  7  just  impinged  in  the  circumference  of 
their  indents  upon  each  other,  and  opened  cracks  12in.  and  6in.  long.  No.  5  overlapped 
No.  2  4in.,  and  drove  the  plate's  fractured  part  in  a  circular  form  within  the  indents  into 
the  ship's  side  4'6-10in.,  or  beyond  the  plate's  back.  No.  10  overlapped  upon  2  and  5  (the 
last  mentioned),  and  broke  the  plate  further  into  the  ship's  side,  the  area  of  the  fracture 
being  16in.  by  10in.,  measuring  from  centre  of  each  blow,  in  a  triangular  form,  9in.  at  the 
base  by  6in.  each  way.  No.  13  was  also  attended  with  bad  results  for  the  plate's  reputa- 
tion, the  shot  striking  full  on  the  plate  in  its  centre,  near  its  upper  edge,  and  breaking 
the  metal  away  considerably  to  the  upper  edge.  Messrs.  Petin  Gaudet's  6Jin.  plate  on 
the  5th  ult.  was  tested  slowly  and  carefully,  and  came  out  of  the  trial  in  a  most  triumphant 
manner— in  a  manner  which  placed  it  on  full  terms  of  equality  with  the  Millwall 
plate  tried  the  day  previous.  It  received  17  shots  in  all.  The  laminations  snowed  the 
same  faulty  welding  that  the  4Jin.  of  the  previous  day  exhibited ;  and  the  success  of  the 
plates  was  undoubtedly  owing  to  the  superior  quality  of  the  iron,  and  not  to  its  manu- 
facture. 

A  Second  Teial  of  Feench  Abmoub-Plates  suppled  by  Messrs.  Petin,  Gaudet,  and 
Co.  to  our  Board  of  Admiralty,  took  place  at  Portsmouth  on  the  19th  ult.,  and  the  results 
then  obtained,  together  with  a  subsequent  inspection  of  plates,  prove  the  two  tried  on 
this  occasion  to  be  inferior  in  their  shot-resisting  powers  to  the  two  previously  tried  in 
company  with  the  Millwall  plate.  Messrs.  John  Brown  and  Co.  sent  a  plate  15ft  6in.  in 
length  by  3ft.  7£in.  in  width,  and  5iin.  in  thickness,  for  trial  with  the  French  plates,  but 
not  to  compete  with  them.  It  was  built  up  in  a  peculiar  manner  of  cold  blast  and 
charcoal  iron,  according  to  a  plan  laid  before  the  firm.  Notwithstanding  its  failure, 
however,  as  a  merely  experimental  plate,  it  has  received  a  higher  official  classification 
than  either  of  the  French  manufactured  plates.  Messrs.  Petin  and  Gaudet's  two  plates 
were  of  the  following  dimensions : — The  first  was  15ft.  7in.  in  length  by^3ft.  4in.  in  width 
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and  5}in.  in  thickness;  and  the  second  15ft.  7in.  in  length  by  3ft.  4in.  in  width  and  4iin. 
in  thickness.  The  main  conditions  of  the  contract  between  Messrs.  Petin  and  Gaudet 
and  our  Admiralty  are— that  the  4i'in.  plates  shall  withstand  three  shots  planted  as  nearly 
as  possible  in  the  same  place  without  penetration  being  effected,  and  that  the  5iin.  plates 
shall  resist  four  shots  in  the  same  manner.  The  5Jin.  plate  received  in  all  10  shots  fairly 
distributed  over  its  surface.  Only  in  three  instances  were  the  shots  overlapping,  or 
"  planted  as  nearlv  as  possible  in  the  same  place,"  but  in  all  three  instances  was  the 
plate  broken  through,  and  penetration  effected  by  two  shots,  instead  of  five,  as  per 
contract.  Xos.  2  and  4  shots  .just  impinged  upon  each  other's  circumference,  with  No.  3 
in  close  proximitv,  all  at  the  right  hand  end  of  the  plate,  but  with  no  other  shots  near, 
and  Xos.  2  and  4*were  connected  by  a  wide  deep  crack  extending  upwards  of  15  inches. 
Petin  and  Gaudet's  4$in.  plate  received  only  six  shots,  which,  however,  sufficiently  decided 
its  character.  The  first  shot  on  the  lower  left  edge  exhibited  a  crack  7in.  in  length 
in  the  indent.  Xo.  2  on  the  right  lower  edge,  upon  a  bolt,  opened  the  layer  of  metal 
and  cracked  two  lavers  across.  Xo.  3  shot,  to  the  left  of  Xo.  2,  opened  wide  fissures  in 
the  plate  and  drove  the  broken  metal  into  the  ship's  side,  with  a  large  crack  to  the 
right.  Xo.  5,  in  the  centre  of  the  plate,  above  and  clear  of  Xo.  2  and  3,  drove  the  plate 
into  the  ship's  side  four  inches,  with  deep  fissures  in  the  metal.  The  last  shot  did  no 
particular  damage  in  the  circumference  of  its  own  impact,  but  opened  up  a  deep  crack 
across  a  previous  shot-mark  13in.in  length.  Penetration,  it  will  be  seen,  was  effected  in 
this  plate  with  single  shots. 

STEAM  SHIPPING. 

The  Qcickest  Passage  Across  ths  Atlantic. — The  Scotia,  belonging  to  the  British 
and  North  American  Rival  Mail  Ship  Company,  on  her  recent  voyage  to  Xew  York,  made 
the  most  extraordinarily  fast  run  on  record.  She  left  Liverpool  on  the  18th  of  July,  and 
made  the  passage  to  New  York  in  nine  days,  two  hours,  and  16  minutes,  beating  the 
fastest  passage  before  made  by  nine  hours  and  45  minutes.  The  two  quickest  pas- 
sages previously  made  were  by  the  Pernio,  in  nine  (lays  12  hours  and  10  minutes,  from 
Liverpool  to  Xew  York  ;  and  the  Baltic,  in  nine  days  12  hours. 

Ibon-  Shipbuilding  ox  tux  T yne.— Recently  several  new  iron  vessels  have  been 
launched,  the  mo-t  conspicuous  of  which  has  been  the  Atlantic,  one  of  a  fleet  of  large 
iron  tank  ships  building  by  Messrs.  John  Rogerson  and  Co.,  of  St.  Peter's,  on  the  Tyne, 
to  be  employed  in  bringing  petroleum  from  America  to  this  country.  The  Atlantic  is  a 
sailing  vessel.  Her  length  >vcr  all  is  115ft.  ;  breadth  of  beam,  2Sift. ;  and  depth,  10ft. 
9in.  Her  hold  consists  of  a  series  of  iron  cisterns,  of  a  depth  from  deck  to  keel,  each 
depth  to  hold  a  stated  quantity  of  oil.  She  belongs  to  the  Petroleum  Trading  Company. 
With  the  present  ship  the  directors  calculate  they  will  make  four  voyages  in  the  year, 
and  by  employing  tank  ships,  like  the  Atlantic,  they  anticipate  saving  a  considerable  sum 
in  the  year.  "It  was  calculated  that  one  ton  of  oil  in  barrels  would  occupy  53  cubic  feet, 
so  that  a  vessel  that  would  only  carry  500  tons  in  barrels  would  carry  in  bulk  neatly  700 
tons.  A  large  screw  steamer,  the  first  built  for  the  White  Star  line  of  Australian 
packets,  and  named  the  Royal  Standard,  has  also  been  launched  from  the  building  yard 
of  Messrs.  Palmer,  Brothers,  and  Co.,  of  Howdon  on  the  Tyne,  during  the  high  tides. 
She  is  225ft.  long,  iflft.  beam,  27.|. f'-  deep,  her  measurement  is  2000  tons,  and  the  height 
between  decks  is  "Jft.  clear.  The  vessel  is  fitted  np  with  due  regard  to  the  comfort  of 
the  passengers,  special  attention  having  been  paid  to  ventilation.  Her  screw 
will  be  auxiliary,  and  her  engines  will  he  of  140-horse  power  nominal,  constructed  on 
the  high-pressure  surface  condensing  principle. 

Trial  Trip  ok  inr  "  I'.ixooon."— The  new  screw  steamship  Rangoon,  built  for  the 
Peninsular  and  Oriental  Compa  re.  Samnda,  of  London,  and  commanded  by 

Captain  J.  II.  Sogers,  had  her  official  trial  on  the  4th  ult.,at  the  measured  mile  in  stoke-. 
Bay.  She  ii  201 1  torn  bu  'di  .  and  her  engines,  which  were  constructed  by  Messrs.  llum- 
phryfl  and  Tennant,  of  I)  iptford,  are  of  100  horse-power.  The  result  of  four  runs  on  the 
mile  were  as  follows  : — 

Bun.        Time.        Knots  per  Hour.        Vacuum.        Revolutions.        Steam. 


1 

4m.  47s. 

12-643 

26 

65 

26 

2 

4m.  111. 

12-811 

26 

66 

27i 

3 

6m.    7-. 

11-726 

25 

66i 

27; 

4 

ini.  28  . 

18-633 

20 

66 

27 

Mean  of  runs  12460  261  66  26f 

Indicated  home-power,  1*70;  nominal  ditto,  400.  Itranght  of  water,  17ft.  11  in.  forward, 
and  lift.  9in.  alt.  Coals  on  board,  681  tons;  water,  50;  stores,  BO;  ballast,  100;  total 
weight  on  board,  701  tons. 

LAUNCHES. 
Launch  op  the  "Stma."     A  fine  Dew  paddle-wheel  steamer,  called  the  Syria,  built 
for  the  Peninsular  and  Oriental  Company,  by  Messrs.  Day  and  Company,  of  the  Northam 
Iron  WoTks,  Southampton,  was  launched  on  the  16th  alt.    she  is  built  of  iron,  and  up- 

■  ion.     The  following  arc 

her  principal  dimensions  Length  between  perpendicular!,  812ft.:  length  over  all,  3 nil. 
6in. ;  breadth,  86ft.  2in,;  depth  from  base  line,  20ft.;  tonnage,  builders' measurement, 
2000.  The  Syria  will  be  propelled  by  a  pair  of  osctllaHng  paddle  engines  of  460  bone- 
power  nominal,  which  will  t>e  fitted  with  surface  condensers,  and  other  recent  improve- 
ments. 

The  Lai v  it  or  the  "  BmxABCH,"  I.  1260  tons,  iron-eased  frit-ate.  the  lirsl  of  the  vessels 

constructed  on  Mr.  Seed's  plan,  took  pin  e  .it  Pembroke,  on  the  16th  alt.    Bhe  is  Intended 

to  carry  only  lour  heavy  gone,  bat  will  be  entirely  en  lased  with  from  1  to  IJin.  armour 
plates. 

The   Lai  vni  01  Tin:  Si  \  Kim.,  from  the  new  shipbuilding  shed  of  Me-  r  .  Btephen 
and  Son,  at  Kelvanhaugh,  recentbj  too  builtonMe    r  .Stephen's 

principle,  of  a  combination  ol  wood  i  been  specially  constructed  for 

the  China  trade,  and  I   of  1200  ton   burthen. 

Tnr.  i.iimii  oi   Potts.  Bcbajchi  u  re  urr,  on  the  Tyne.  took  place  on 

the  16th  alt.    The  launches  wen  from  the  bulldlngjrards  of  Messrs.  Palmer  Bro 

.larrow  and  Howdon,  which  are  nearly  opp  i  ItO  I  !  ib  other.     The  vessel,  werethe  Latino, 

being  the  sixth  of  a  Ui f   teamshipi  bull!  for  a  company  trading  between  London  and 

Italy  ;  the  Jeka  M  '  of  Meson.  I  ory  and  Co., 

of  London;  the  Jfo.  i,  built  lor  a  R  m,  and  the  Buropa,  Intended 

employed  In  the  passenger  and  goods  trade  b  ioa  and  the  island  of  Sardinia. 

Their  aggregate  tonnage  i   about  1800, 

TELEGRAPHIC  ENGINEERING. 
The  UnDitaaaunua  rii.ioRj.pn  I  U  the  half-yearly  mo 

of  this  company,  the  following  was  reported i  The  Unprovemeni  in  the  pasl  half  year 
hadhe  or  the  company  to  apply  to  Qovernnunl    for 

under  the  gu  u  thai  the  Interruption   In   i  ho 

communication  on  the  Mo  ion  be  restored.    The    n 

for  the  past  half  year  amoonted  to  £5104  i  .  tot   the  cor- 

responding  p  to  transrn 

on  Malta  and  Londo  i.    The  reporl  wai  adopted. 

A  dividend  ol  '  "•'  . 

was  agreed  I  >,  fund. 


The  Electric  and  International  Telegraph  Company.— The  half-yearly  ordinary 
meeting  of  this  company  has  been  held.  The  report  stated  that  durinsr  the  past  half- 
year  a  considerable  extension  of  the  company's  system,  amounting  to  754  miles  of  line 
and  2666  miles  of  wire,  had  taken  place.  The  reduction  of  the  tariff  since  June  1862, 
had  retarded  the  progressive  advance  of  the  company's  income.  From  the  continental 
traffic  a  steady  enlargement  of  business  continued.  The  revenue  of  the  company,  from 
all  sources,  amounted  to  £117,210  4s.  8d.,  showing  an  increase  of  £14,843  4s.  8d.  ou  the 
corresponding  period  of  1862.  After  makingprovision  for  the  working  expenses,  and  interest, 
the  net  surplus  and  profit  on  the  six  months  amounted  to  £39,061  17s.  5</.  The  directors 
recommended  a  dividend  of  £3  10s.  per  cent,  for  the  half  year. 

RAILWAYS. 

Distribution  of  Railways. — A  paper  has  recently  been  submitted  to  the  French 
Academy  of  Sciences  by  M.  Lalanne,  showing  that  the  apparently  fortuitous  distribution 
of  railways  over  the  surface  of  a  large  country  is  in  reality  subject  to  certain  laws,  which 
may  be  stated  as  follows: — 1.  The  meshes  of  a  network  of  railways,  as  their  number 
increases,  tend  to  assume  a  triangular  form.  2.  These  triangles  have  a  tendency  to  form 
groups  of  six  each  round  a  certain  point,  which,  therefore,  is  the  nucleus  of  a  hexagon. 
3.  When  a  pentagon  happens  to  replace  the  hexagon  there  generally  is  a  heptagon 
somewhere  which  makes  up  the  deficiency,  so  that  the  number  six  really  represents  the 
average  number  of  lines  starting  from  each  point.  4.  There  are  certain  exceptional 
points,  such  as  the  capital  of  the  country,  towards  which  more  than  six  lines  converge; 
in  this  case  the  number  of  lines  does  not  exceed  12.  5.  In  those  districts  where  the 
network  is  still  incomplete  there  are  centres  from  which  only  three  lines  diverge  instead 
of  six;  in  that  ease  they  make  equal  angles  with  each  other,  thus  leaving  space  for  the 
three  remaining  lines.  This  strange  regularity,  now  observable  in  the  networks  of  France, 
England,  and  North  America,  depends  upon  a  primordial  law  which  Buffon  calls  the 
reason  of  reciprocal  obstacles.  Rivers,  mountains,  forests,  or  even  the  mere  inequality 
in  the  productive  force  of  different  soils,  hare  contributed  towards  the  formation  of  these 
regular  meshes.  Among  the  consequences  which  M.  Lalanne  deduces  from  this  theory  of 
his  there  is  this — that  the  distance  between  two  agglomerations  of  population  of  the 
same  order  and  near  each  other  must  be  an  extra  multiple  of  the  distance  between  the 
two  agglomerations  of  an  inferior  order.  Thus,  the  average  distance  between  two 
capitals  of  departments  in  France  is  87  kilometres ;  that  between  two  contiguous  chefs- 
lieu  v  d'arrondieeementt  is  43  i  kilometres;  and  between  two  contiguous  cantons,  145 
kilometres  ;  so  that  the  distance  between  two  prefectures  is  equal  to  twice  the  distance 
between  two  sub-prefectures,  six  times  that  between  two  cantons,  and  21  times  the 
average  distance  between  two  communes, 

Railway  Wokk  foe  the  Year  1802. — In  the  year  1862  the  enormous  number  of 
180,420,071  passengers  travelled  ou  the  railways  of  the  United  Kingdom,  besides  56,656 
season-ticket  holders,  who  of  course  all  travelled  very  many  times;  and  besides,  also, 
262,334 horses,  386,864  dogs,  3,094,183  cattle,  7,800,028  sheep,  and  l,9S9.s:>2  pigs.  The 
passengers  were  more  than  in  1861  by  about  7,000,000.  They  paid  £12,205,273  for  their 
lares.  The  first-class  passengers  paid  £3,332,380;  the  second-class,  £4,018,221;  the 
third-class,  £1.030,250.  12  80  in  every  hundred  went  first-class,  2875  second-class,  5S'45 
third-class.  The  proportion  of  third-class  passengers  is  rather  increasing,  and  of  second- 
class  rather  diminishing.  Thirty-five  passengers  were  killed  (nine  of  them  owing  to 
their  own  misconduct  or  want  of  caution),  and  530  were  injured.  This  is  less  than  half 
the  number  who  lost  their  lives  in  1801  by  railway  accidents.  The  passenger  trains 
travelled  57,542,831  miles,  and  the  goods  trains  nearly  as  many  more.  The  passenger 
traffic  supplied  1770  per  cent,  of  the  total  receipts  of  the  companies,  and  the  goods  tratlic 
the  larger  half,  52'21  per  cent.  The  receipts  from  all  the  traffic  amounted  to  £29,123,553, 
being  nearly  63,000,000  more  than  the  interest  of  the  National  Debt,  and  an  increase  of 
£503,000  over  the  receipts  of  1801 ;  but  the  length  of  line  open  increased  from  10,865 
miles  at  the  end  of  1801  to  11,651  miles  at  the  end  of  1S02.  The  working  expenditure 
amounted  to  49  per  cent.,  and  left  the  net  receipts  £U,s2O,091,  nearly  £130,000  more 
than  in  1881.  In  the  year  1802  the  companies  paid  220,970,  for  law  and  Parliamentary 
expenses,  £158  169  as  compensation  for  personal  injuries,  £69,540  for  damage  and  loss  of 
goods,  £375,007  for  Government  duty,  and  £300,  tin  for  rates  and  taxes.  It  took  £2,703,633 
to  maintain  the  way  and  works,  and  £1,212,714  to  maintain  the  carriages  and  waggons, 

£3,000,005  to  provide  locomotive  power,  and  £3,os7,0'l7  t ndint  the  traffic.     The  total 

sum  raised  by  shares  and  loans  reached  £385,218,438  at  the  close  of  the  year  1SG2. 

Railway  Hetwi.i  n  Moscow  and  Sehastopol. — An  ukase  has  been  signed  by  the 
Emperor  Of  Russia,  for  the  construction  of  a  railway  from  Moscow  to  Sebastopol.  The 
line  is  to  he  953  miles  in  length,  the  nominal  eapilal  will  lie  u22,..iio,<kk>,  and  the  period 
allowed  for  the  completion  of  the  work  is  six  years  from  the  date  of  commencement. 
Sebastopol  is  to  be  made  a  free  port.  • 

RAILWAY  ACCIDENTS 

Railway  Accidents  in  1802. —A  Parliamentary  return  states  that  during  the  year 
ending  December  31,  1882,  there  were  216  persons  killed  and  800  injured  In  consequence 

Of  railway  accidents, Of  which  21  deaths  neeurred  in  Ireland,    IJ  in   Scotland,  and  160  ill 

England  and  Wales;  the  number  of  miles  of  railway  open  In  eaoh division  respectively 
being  1698, 1777,  and  *!;«.  During  1861,  when  the  total  number  of  miles  of  railway 
open  in  the  United  Kingdom  was  10,833,  the  number  of  lives  losl  bj  accidents  was  284, 
and  the  number  of  persons  Injured  833,  Of  the  218  deaths  in  L882, 26  passengen  and 
20  servant:-  of  contractors  or  the  oomnanioa  were  killed  from  circumstances  over  which 

tbev  had  no  control,  and  9  passengers  and  89  servant-  from  waul  of  caution  on  their  part; 

10  of  the  remainder  were  Irospu    en,inoludln  1    ofeoioide. 

Accini.vi  ro  •  •  1  1  r  io>.  Tku\  \iiui  tiw  \n  ident  occurred  loan  excur- 
sion train  thai  irai  running  from  Hunstanton  to  Lynn, aboul  B'46,  on  tho  evening  of 
the  3rd  alt.  As  the  train  the  engine  came  in  contact  with 
a  bollock,  which  had  gol  upon  the  rail-  I  first  class  and  two  other  carriages  wen  thrown 
off  n,e  line,  causing  the  death  of  Ave  of  the  paasi  I  lenl  took  place  at 

Gaywood,  sboul  thri lie    from  Lynn. 

Naiiiiov,  K,i  mi  ov  ini  Cm  ii  Ui  iii;\  lliimii.-- Tin-  train  on  the  Great 
Western  line  from  London,  due  Ol   \\ arv.i. ■!,  on  the  16th  alt.,  .it  B'lS  p  in.,  did  not  arrive 

,1  thedelaj   ■■■<  .  that  a  few  minutes  after  the  nam  1,-11  War.'.  I 
it  had  nol  proceeded  more  than  three  qu  •  vhen  the  aehpan  of  the  engine 

dropped  out  and  lea  1  the  train,  of  001  most  of 

the  passengon  alighted  1  II  wai  then  Iron  composing  the  uppor  part  of  the 

pan  wa    llterallj  '■■ through,  snd  was  In  almost  ai  bad  a  stal  Bad 

the  train  got  on  two  or  three  mhos  further,  a  greater  velocity,  the  so 

Jtj  mo  1  have  bean  1 

\, ,  .  On  the  24th  nit.  an  accident  happened 

..  11  the  ureal  Western  Railway  to  the  7'15  a.ni  c  pi  1  to  Paddui 

Whil  1  running  al  full  speed  between  Halton  and  Warwlcl 

1 is  Dew  oil.    Thi 

but  wa  bring  tho  train  up  until  It  I  the  engine  lcl 

m,  tai.    The  ■  I  10  wholo  of  tho  p  1 

on  i-  attribnl  iblc  to  the 
rhieh 

'al  is  laid. 
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BOILER  EXPLOSIONS. 

Manchester  Association  foe  the  Prevention  of  Steam  Boiler  Explosions. — 
At  the  ordinary  monthly  meeting  of  this  association  held  July  28th,  the  chief  engineer 
presented  his  monthly  report,  of  which  the  following  is  an  abstract : — "  During  the  past 
month  there  have  been  examined  324  engines  and  450  boilers.  Of  the  latter,  17  have 
been  examined  specially,  11  internally,  55  thoroughly,  and  367  externally ;  in  addition  to 
which  three  of  these  boilers  have  been  tested  by  hydraulic  pressure.  The  following 
defects  have  been  found  in  the  boilers  examined : — Fracture  8  (2  dangerous) ;  corrosion, 
16;  safety-valves  out  of  order,  9  (2  dangerous) ;  water  guages  ditto,  21 ;  pressure  guages 
ditto,  8;  blow-out  apparatus  ditto,  37 ;  fusible  plugs  ditto,  2;  furnaces  out  of  shape,  4; 
over  pressure,  1  (dangerous) ;  deficiency  of  water,  1  (dangerous) ;  blistered  plates,  3 ; 
total,  110  (6  dangerous).  Boilers  without  glass  water  guages,  2;  without  blow-out  taps, 
38;  without  back  pressure  valve,  41.  One  explosion  has  occurred  during  the  last  month, 
of  a  very  fatal  character,  particulars  of  which  are  given  below.  No.  20  explosion,  by 
which  ten  persons  were  killed  and  four  others  injured,  occurred  to  an  ordinary  rail! 
boiler  of  the  two-fiued  '  Lancashire'  class.  This  boiler  was  not  under  the  inspection  of  this 
association.  The  dimensions  were  as  follows: — Length  30ft.,  diameter  of  the  shell 
nearly  7ft.  6in.,  and  that  of  the  furnace  tubes — which  were  parallel  throughout,  and  not 
strengthened  by  any  hoops  or  flanges — 2ft.  8in. ;  the  thickness  of  the  plates  in  the  shell 
and  tubes,  seven-sixteenths,  in  the  flat  end  plates  half  an  inch,  each  of  them  being 
strengthened  with  three  gusset  stays,  secured  with  double  angle  irons.  The  longitudinal 
seams  in  the  shell  were  not  laid  in  line,  but  disposed  so  as  to  break  joint.  The  age  of  the 
boiler  was  about  two  years.  It  had  not  been  tested  by  hydraulic  pressure.  The  boiler 
had  been  fitted  with  a  single  lever  safety-valve,  the  valve  being  enclosed  in  a  box  bon- 
netted  over,  from  which  the  waste  steam  escaped  through  a  discharge  pipe,  carried 
through  the  wall  of  the  boiler  house.  It  had  also  been  fitted  with  a  glass  water  guage — 
a  feed-check  and  back-pressure  valve  combined,  fixed  to  the  front  end  plate,  a  little  below 
water  level — a  blow  out  or  mud  tap,  and  a  steam  pressure- guage,  of  tlie  dial  class ;  but 
the  boiler  had  no  tap  for  fixing  an  indicator,  so  as  to  check  the  accuracy  of  the  guage, 
and  ascertain  the  actual  working  pressure  with  the  steam  up.  The  boiler  was  rent  into 
so  many  fragments  by  the  explosion  that  it  was  completely  destroyed,  while  considerable 
damage  was  also  done  to  the  surrounding  property.  Both  the  furnace  tubes  were  torn 
away  from  the  end  plates,  as  well  as  separated  into  two  pieces,  dividing  at  one  of  the 
transverse  seams  at  the  middle  of  their  length.  Three  of  these  lengths,  weighing  up- 
wards of  a  ton  each,  were  blown  over  a  row  of  cottages,  one  alighting  on  the  first  floor 
of  a  dwelling  beyond,  having  broken  through  the  roof  in  its  fall,  the  other  two  lengths 
falling  at  intermediate  distances  between  these  two  rows  of  buildings ;  while  the  iourth 
flew  in  a  direction  nearly  at  right  angles  with  the  other,  and  also  fell  upon  a  cottage 
carrying  in  the  roof.  The  safety-valve  weight,  which  was  a  ball  of  about  eight  inches 
diameter,  was  shot  upwards,  and,  on  its  fail,  broke  through  a  third  cottage.  The  shell  of 
the  boiler  had  been  torn  up  into  so  many  pieces  that  it  was  difficult  to  trace  the  course 
of  the  rents,  and  to  determine  where  they  first  commenced;  but  it  may  be  remarked  that 
one  of  them  ran  through  the  manhole,  which  was  not  strengthened  as  it  should  have  been 
by  a  substantial  mouth-piece.  There  fragments  of  the  shell  had  not  flewn  so  far  as  the 
flue-tubes  had  done,  but  many  of  them  lay  scattered  near  the  original  seat  of  the  boiler, 
while  some  were  buried  under  the  ruins.  The  end  wall  of  the  mill  was  blown  down,  and 
the  various  floors  laid  open,  while  the  engine  was  completely  buried  in  the  debris.  The 
chimney  was  gashed  by  a  large  rent,  running  up  it  for  half  its  height,  and  stood  totter- 
ing over  the  old  seat  of  the  boiler,  so  that  approach  was  dangerous ;  while  the  ground 
surrounding  was  covered  with  brieks,  and  the  ruins  of  the  injured  buildings;  the  windows 
in  every  direction,  as  well  as  many  of  the  roofs  being  riddled.  But  it  is  difficult  to  con- 
vey an  adequate  idea  of  the  ruin  that  had  been  produced.  With  regard  to  the  explosion 
having  arisen  from  shortness  of  water,  it  was  given  in  evidence  at  the  inquest  that  the 
guage-glass  was  blown  through,  and  plenty  of  water  observed  shortly  before  the  explo- 
sion happened;  the  correctness  of  which  was  borne  out  by  subsequent  examination, 
since  the  flues  were  found  to  be  coated  with  incrustation  which  overheating,  had  it  oc- 
curred, would  have  disturbed;  while,  in  addition,  the  furnace-crowns  could  not  have  re- 
tained their  shape  as  they  did,  had  the  water  been  low.  As  to  the  explosion  being  due  to 
excessive  pressure  consequent  upon  the  defect  of  the  safety-valve,  it  is  true  that  the 
spindle  of  the  valve  was  bent,  but  it  is  a  matter  of  opinion  whether  this  did  not  become 
so  subsequently  to  the  explosion,  and  was  its  consequence  rather  than  its  cause.  At  the 
time  of  making  my  own  examination,  which  was  done  immediately  on  the  explosion 
being  reported,  there  was  no  opportunity  of  seeing  the  safety-valve,  since  it  was  in  the 
hands  of  the  jury  who  were  then  engaged  upon  the  inquest — but  I  am  informed,  on  good 
authority,  that  the  injury  was  such  as  could  not  have  occurred  to  the  valve  in  regular 
•work,  while  it  was  known  to  have  been  previously  in  good  order.  But,  apart  from  the 
condition  of  the  safety-valve,  there  are  other  considerations  affecting  the  view  that  the 
pressure  exceeded  601b.  per  square  inch,  and  neither  that  nor  twice  the  amount  would 
have  rent  the  shell  had  the  material  and  the  workmanship  been  good ;  while  from  the 
fact  that  the  flue-tubes  were  not  collapsed,  and  the  shell  was  rent  into  fragments — 
although  the  latter  should  have  resisted  twice  the  strain  of  the  former — it  is  clear  that 
the  explosion  did  not  result  from  simple  over  pressure.  It  cannot  be  doubted  that 
the  plates  were  of  very  bad  quality,  one  of  them  in  the  shell,  situated  at  the  top  of 
the  external  flue,  had  fractured  through  the  solid  when  the  boiler  was  at  work  a  few 
months  since,  while  it  is  reported  that  one  of  the  scientific  witnesses  who  gave  evidence 
at  the  inquest  stated — that  merely  with  the  blow  of  a  brick  he  had  broken  off  a  piece  of 
plate  about  15  or  16  square  inches  in  area,  and  seven-sixteenths  in  thickness.  Also  ano- 
ther engineer  who  had  an  opportunity  of  fully  examining  the  plates  after  the  inquest  was 
closed,  has  informed  me  that  he  found  them  to  be  very  inferior,  while  a  specimen  kindly 
forwarded  to  me,  at  my  request,  by  the  owners  of  the  boiler,  shows  a  short  and  crystalline 
fracture,  is  little  better  than  cast-iron,  and  quite  unfit  for  use.  The  cast-iron  nature  of 
the  plates  rendered  them  less  adapted  to  withstand  the  tensile  strain  of  the  shell  than  the 
compressive  one  of  the  furnace  tubes,  which  therefore  accounts  for  the  shell  having  been 
"broken  up  into  pieces,  while  the  furnace  tubes  were  uninjured,  except  by  the  effects  of  the 
explosion  itself. 

At  the  ordinary  monthly  meeting  of  this  Association,  held  August  25th,  the  chief 
engineer  presented  his  monthly  report,  of  which  the  following  is  an  abstract : — 

"During  the  past  month  there  have  been  examined  313  engines  and  401  boilers.  Of 
the  latter,  6  have  been  examined  specially,  9  internally,  45  thoroughly,  and  341  externally, 
in  addition  to  which  2  of  these  boilers  have  been  tested  by  hydraulic  pressure.  The 
following  defects  have  been  found  in  the  boilers  examined : — Fracture,  5  (1  dangerous) ; 
conosion,  14 ;  safety  valves  out  of  order,  7;  water  gauges  ditto,  9  (1  dangerous) ;  pressure 
gauges  ditto,  15 ;  feed  apparatus  ditto,  2  ;  blow-out  apparatus  ditto,  27 ;  fusible  plugs 
ditto,  1;  furnaces  out  of  shape,  4  (1  dangerous);  overpressure,  3  ;  deficiency  of  water  1 
(dangerous).  Total,  88  (4  dangerous).  Boilers  without  glass  water  gauges,  3;  without 
blow-out  apparatus,  16 ;  without  back  pressure  valves,  25. 

Nine  explosions  have  occurred  during  the  past  month,  from  which  five  persons  have 
been  killed  and  three  others  injured.  Not  one  of  the  boilers  in  question  was  under  the 
inspection  of  this  Association.  No.  25  explosion  occurred  to  a  boiler  not  under  the  in- 
spection of  this  Association,  working  at  a  dye-works.  But  little  damage  was  done  to  the 
surrounding  property,  and  the  boiler  only  slightly  moved  from  its  seat.  The  boiler  was 
one  of  a  series  of  four,  ranged  side  by  side,  and  connected  together,  all  of  them  being  set 
upon  mid-feathers.  It  was  of  the  internally-fired  class,  the  length  of  the  shell  being  28ft., 
and  the  diameter,  8ft.,  the  thickness  of  the  plates  three-eights  of  an  inch,  and  the 
hlowing-off  pressure,  401b.  The  cause  of  the  explosion  was  the  dilapidated  condition  of 
the  boiler;  it  had  repeatedly  been  found  to  leal;  at  the  back  end,  both  at  the  last  plate  at 


the  bottom,  as  well  as  at  the  flat  end  one,  and  had,  in  consequence,  been  temporarily  re- 
paired, from  time  to  time,  with  bolted  patches.  At  the  time  of  the  explosion  there  were 
three  of  these  patches  on  the  boiler,  within  12iu.  of  one  another.  The  surrounding  plate 
at  length  became  so  eaten  away  by  continual  leakage,  that  it  was  reduced  in  places  to 
one-eighth  of  an  inch  in  thickness,  and  in  others  to  that  of  a  sheet  of  brown  paper, 
from  which  rupture  ensued  underneath  the  boiler,  at  the  back  end,  immediately  over  the 
mid-feather.  < 

Mode  or  Setting  an  Intebnally-Fieed  Boilee  of  7ft.  Diameter. 
"  The  boiler  to  be  carried  on  two  continuous  side  walls,  spaced  4ft.  apart  in  the  clear 
between  them.  The  top  course  of  these  walls  on  which  the  boiler  rests  to  consist  of  fire- 
brick blocks,  which  can  be  obtained  of  any  desired  pattern,  and  should,  in  the  present 
instance,  be  of  the  following  dimensions : — Height  on  the  vertical  space,  12in. ;  width  on 
the  base,  12in.;  width  of  bearing  surface  on  which  the  boiler  beds,  5in.  The  angle  of 
this  surface,  in  order  to  fit  the  circle  of  the  boiler,  should  be  33  deg.  above  the  horizontal : 
this  will  be  best  obtained  by  striking  it  out  full  size  in  accordance  with  the  foregoing 
dimensions,  which  can  readily  be  done  by  any  competent  bricksetter.  The  back  of  the 
blocks  should  slope  down  to  a  thickness  of  4-j-in.,  so  as  to  form  an  abutment  against  the 
brickwork  at  the  bottom  of  the  side  flues,  to  prevent  the  weight  of  the  boiler  thrusting 
the  blocks  apart.  The  top  of  the  side  flues  to  be  on  a  level  with  the  furnace  crowns,  and 
the  bottom  on  a  level  with  the  underside  of  the  boiler.  Their  width  at  the  top  to  be  6in., 
thus  making  a  distance  of  8ft.  in  the  clear  between  the  face  of  the  side  flues,  which 
should  not  follow  the  sweep  of  the  boiler,  as  is  frequently  the  case,  but  should  run  verti- 
cally from  top  to  bottom,  in  order  to  form  a  pocket  for  deposit  to  lie  in  without  covering 
any  of  the  heating  surface  of  the  boiler,  and  at  the  same  time  to  leave  room  for  a  man 
to  pass  along  and  examine  the  plates.  The  flue  beneath  the  boiler  will  be  formed  by  the 
side  walls  already  referred  to,  spaced  4ft.  apart ;  the  height  may  be  about  2ft.  The 
course  of  the  flame  immediately  after  leaving  the  furnace  tubes,  to  pass  under  the. 
bottom  of  the  boiler ;  to  split  at  the  front  end  and  return  to  the  chimney  through  the 
two  side  flues.  Generally  two  clampers  are  introduced,  one  to  each  side  flue.  It  is  im- 
portant in  boilers  with  two  plain  internal  tubes,  that  the  course  of  the  flame  should  pass 
under  the  bottom  before  entering  the  side  flues,  in  order  to  promote  circulation  of  the 
water,  and  to  prevent  straining  the  boiler  at  the  transverse  seams  of  rivets  on  its  under 
side,  and  causing  what  is  familiarly  known  as 'seam  rending.'  It  is  not  equally  necessary, 
though  still  advisable,  to  pass  the  flames  under  the  bottom  before  entering  the  side  flues 
of  those  boilers  which  are  fitted  with  tubes  or  pockets  for  quickening  the  circulation  of 
the  water.  In  cases  where  the  angle  iron  at  the  front  end  plate  is  external,  the  face  of 
the  brickwork  should  be  set  back  some  inches,  so  that  the  angle  iron  may  be  exposed  to 
view,  or  leakage  may  take  place  without  detection.  The  front  cross  wall  underneath  the 
boiler  need  not  be  more  than  4jin.  thick;  otherwise  it  is  frequently  found  to  harbour 
corrosion.  This  wall  should  be  recessed  so  as  to  leave  the  blow-out  pipe  entirely  free,  in 
order  that  it  may  be  accessible  to  examination,  not  liable  to  be  strained  by  settlement  of 
the  boiler,  nor  corrosion  of  the  plates  accelerated  by  contact  with  the  brickwork  should 
leakage  occur. 

"Mode  of  Setting  Internally-Fired  Boilers  of  Six  Feet  and  Five  Feet 
Diameter. 

"  For  a  boiler  6ft.  in  diameter,  the  side  walls  should  be  spaced  3ft.  apart  in  the  clear. 
The  fire-brick  blocks  should  be  124in.  high  on  the  vertical  face,  12in.  wide  on  the  base, 
and  4in.  upon  the  bearing  surface  upon  which  the  boiler  beds,  the  angle  of  this  surface 
above  the  horizontal  being  33  deg.,  the  other  dimensions  of  these  blocks  remaining  as 
before.  The  side  flues  to  be  carried  down  3in.  below  the  level  of  the  bottom  of  the 
boiler,  and  at  the  top  to  be  on  a  level  with  the  furnace  crowns,  this  latter,  as  well  as  the 
remaining  particulars  being  the  same  as  those  for  the  boiler  of  7ft.  diameter.  For  a 
boiler  5ft.  in  diameter,  the  side  walls  should  be  2ft.  6in.  apart  in  the  clear,  the  fire-brick 
blocks  14-Mn.  high  on  the  vertical  face,  12in.  wide  at  the  base,  and  3in.  wide  upon  the 
bearing  surface  upon  which  the  boiler  beds,  the  angle  of  this  surface  above  the  horizontal 
being  33  deg.  The  other  dimensions  of  these  blocks  remain  unaltered  from  those  given 
above.  The  side  flues  to  be  carried  down  6in.  below  the  level  of  the  bottom  of  the  boiler, 
and  at  the  top  to  be  on  a  level  with  the  furnace  crowns,  the  remaining  particulars  being 
the  same  as  those  for  the  boiler  of  7ft.  diameter.  For  boilers  of  still  smaller  diameter  if 
a  mid-feather  be  unavoidable,  it  should  be  faced  with  fire-brick  blocks  for  the  boiler  to 
rest  on,  and  the  blocks  bevelled  off  to  a  narrow  bearing  surface,  since  one  of  the  causes 
of  injury  from  mid-feather  walls  is  their  width.  For  a  boiler  of  4ft.  diameter,  the  width 
upon  the  top  edge  need  not  exceed  3in.  The  flues  under  all  circumstances  must  be 
sufficiently  large  to  admit  of  a  man's  passing  right  through  them  for  the  purpose  of 
examination." 

Explosion  at  Southampton. — A  boiler  explosion  took  place  at  some  saw  mills  in 
Southampton  on  the  27th  ult.  The  boiler  and  engine-house  were  blown  to  pieces,  and 
portions  of  the  building  were  scattered  over  the  neighbourhood.  Owing  to  the  explosion 
taking  place  in  the  morning,  before  the  workmen  were  assembled,  no  personal  injuries 
occurred. 

Boilee  Explosion  at  St.  Helen's.— On  the  13th  ult.  a  boiler  explosion,  attended  by 
personal  injuries,  occurred  on  the  premises  of  Doulton  Brothers,  potters,  St.  Helen's. 
At  a  few  minutes  before  eight  o'clock  in  the  evening  the  engine  was  at  work,  grinding 
clay,  and  suddenly,  without  the  slightest  warning,  one  of  three  boilers,  that  are  used  on 
the  premises,  burst  with  a  terrific  explosion.  The  shock  was  felt  in  distant  parts  of  the 
town.  The  boiler  was  about  30ft.  long  and  6ft.  diameter.  It  was  riven  into  several 
pieces,  and  one  of  them,  the  largest,  was  carried  into  the  air,  passing  over  the 
pottery  wall. 

Explosion  near  Ipswich. — On  the  20th  ult.,  the  boiler  of  a  steam  thrashing  machine, 
which  had  been  at  work  all  day  at  a  farm  in  the  village  of  Charsfield,  about  ten  miles 
from  Ipswich,  exploded.  Two  men  and  a  boy  were  killed,  the  com  which  was  being 
thrashed  became  ignited,  and  the  produce  of  18  acres  was  consumed. 

GAS    SUPPLY. 

Metropolis. — A  parliamentary  return  has  just  been  issued,  showing  the  actual 
state  and  condition  of  each  company,  and  the  dividends  for  the  year  1862.  It  appears 
that  the  following  dividends  were  paid  : — The  Chartered  paid  dividends  at  the  rate  of  9 
and  10  per  cent.,  including  back  dividends  at  1  per  cent,  per  annum  for  the  half-year  to 
Christmas,  1856 ;  the  City  of  London  dividends  at  9  and  4  per  cent.,  with  a  balance  of 
£658  ;  the  Commercial  £30,513,  on  a  capital  stock  of  £322,195  (less  sums  remaining  out- 
standing). The  capital  account  is  said  to  "include  calls  in  course  of  payment,"  but  the 
rate  of  dividend  is  not  stated.  The  Equitable  paid  dividends  at  the  rate  of  11,  14*,  14, 
and  10  per  cent,  (less  sums  remaining  outstanding),  with  a  balance  of  £396;  the  Great  Cen- 
tral dividends  at  the  rate  of  6  and  8  per  cent,  (less  sums  remaining  outstanding),  with  a 
balance  of  £18.445 ;  the  Imperial  at  the  rate  of  10  per  cent.,  with  a  balance  of  £58,500 ; 
the  Independent  at  the  rate  of  10  per  cent.,  with  one  year's  back  dividend  (£1500),  aud 
a  balance  of  £3548.  The  London  paid  £36,827,  on  £548.843  (less  sums  remaining  out- 
standing), but  the  rate  is  not  stated.  The  Phoenix  was  10  per  cent.,  with  £S190  dividend 
arrears  for  1856,  with  a  balance  of  £930.  The  Ratcliffe  dividend  was  £8  15s.  per  cent., 
without  a  balance  ;  the  South  Metropolitan  10  per  cent.,  with  a  balance  of  £10,369;  the 
Surrey  Consumers,  10  per  cent.,  with  a  balance  of  £4047 ;  and  the  Western,  10  per  cent., 
with  £2285  "  towards  back  dividends  of  less  than  10  per  cent." 

The  Worcester  Gas  Company  have  announced  a  dividend  of  10  per  cent,  per  annum 
for  the  last  half  year. 
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The  Devoxpobt  Gas  axd  Cose  Coiipaxt,  who  lately  reduced  their  charge  to  is., 
have  declared  a  dividend  of  9  per  cent,  on  original  shares  and  5  per  cent,  on  others  tor 
the  past  year. 
The  Pexzaxce  Gas  Compact  have  reduced  their  price  from  6s.  to  i.<.  6  /. 
The  Romxey  Gas  Compajty  have  reduced  the  price  of  gas  from  "s.  6d.  to  0*.  per 
1000  cubic  feet. 

Thk  Taextox  Gas  Cojipaxy  announce  a  reduction  in  the  charge  for  gas  from  5t.  &d.  to 
4».  Gd,  per  1000  feet. 

The  York  L'xited  Gas  Ligiit  Compaxy  have  for  the  past  half  year  declared  their 
usual  dividend  of  10  per  cent. ;  being  5».  per  share  on  the  old  shares,  and  3s.  on  the  new 
shares. 

The  Laxbuey  Gas  Company  have  declared  a  dividend  of  "i  per  cent.,  for  the  past 
year. 
St.  Xr.oi's  Gas  Comiaxy. — A  dividend  of  12  per  cent,  is  stated  to  have  been  declared. 
The  Lewis  Gas  Company  having  had  their  annual  meeting,  have  declared  a  dividend 
of  10  per  cent,  for  the  past  year. 

The  Hi-siixgi>ox  Gas  Company  have  declared  a  dividend  of  9  per  cent,  for  the  past 
half  year. 

:irosi>  a  dividend  of  G  per  cent,  has  been  declared  by  the  Local  Gas  Company. 
Thk  Bear  St.  EDirrxD's  Gas  Compact  have  reduced  their  charge  from  6«.  8d.  to 
6*.  'id.  per  1000  feet.    Their  meter  charge  being  also  reduced. 

nrwELi  Gas  Compact  '  -  dividend  of  10  per  cent,  for  the  past  year. 

■  .as  Compaxy  have  reduced  their  price  to  3*.  id.  per  1000  feet. 

:  i.vv  have  declared  a  dividend  of  7\  per  cent,  for  the  past  year. 

-  vsou  Cannel  and  from  Coal. — The  following  analysis  of  the  comparative  value 

,  i*  made  from  coals  and  camiel  is  by  Dr.  Andrew  Fife,  Professor  of  Chemistry, 

^^^HIl.  : — A  ton  o.'  English  caking  coal  yields,  on  an  average,  at  gas- 

.:  larger  quantity  was  given  with  my  apparatus,  yet 
quantity  on  a  large  sjale.  The  va'.ue  of  the  coal  is  taken  as  1. 
;  9-500  and  11,500;  the  value  of  the  gas,  bulk  for  bulk,  being 
^^^^HEviz-*  l"8o  to  the  former  as  1.  Xow,  taking  into  account  the  quantity  of  gas 
^^^^^tthe  value  of  the  coals  for  yielding  light,  by  the  consumption  of  their  gases,"  is 
^^^^Kthe  one  quantity,  and  -25  for  the  other.  Taking  the  average,  we  state  the 
^^^^^^English  cannel  coal  as  2'35,  or  say  1\  to  Xewcastle  coal  as  1.  The  following 
^^^Hnr  the  cannel  raised  by  the  Ince  Hall  Coal  and  Cannel  Company,  is  by  Mr.  John 
^^^^^Ki.C.I..  Consulting  Chemist  to  the  Manchester  Corporation  Gas  Works  :— 

..pour      -----      1'53 
.  is  and  divers  hydro-carbons      ...        -  8'50 

ric  air 4'32 

■gen 0-19 

r.sren 40'30 

•  carbnretted  hydrogen 3383 

nic  acid         ..--.----     1135 

100-02 

Quantity  of  gas  produced         ------        11073  cubic  feet. 

^^Bec.  .f  gas o'2o 

^Ht  produced  from  1  ton  of  cannel,  13  cwt.  1311s. 

:  by  the  chief  trasworks  of  this  country,  including  London,  Liverpool, 
^^^^^^f,  and  Birmingham  ;  and  by  the  principal  foreign  gasworks,  both  on  the  Con- 
^^^Hn  Xorth  and  South  America.  The  analysis  of  the  same  company's  gas  coal, 
made  by  Mr.  J.  E.  Clift,  Kntrineer  to  the  Pagoda  Gasworks,  Birmingham,  gives: — 

on,  from  100  parts 8450 

„  o'M 

2-10 

2-20 

llphur,  „ 033 

112 

99-39 

Loss 101 

10000 

IIHHH^tained  from  one  ton  of  gas  coal,  being  the  average  results  obtained  from 
uMnc  3"<Mong  in  making  gas :— Gas  produced,  10,200  cubic  feet;  illuminating  power— 
one  Atgand  burner  consuming  live  feet  per  hour =- thirteen  spermaceti  candles  of  six  to 
the  pound;  specific  gravity,  "462;  atmospheric  air  being  100.  Coke  produced,  13  cwt. 
3  qrs.,  or  ll  imperial  bushels;  suitable  for  ironfounders,  brass-founder-,  and  mall 
Ammoniacal  liquor  prod  is;  1  gallon  requiring  10  oz.  of  the  sulphur 

rar  produced,  10  gallons.    Purification  ofthi 
cubic  feet  of  gas  requin  -  12\Ibs.  of  lime  for  its  purification,  which  to  nra  It  to  I 
paratively  very  tree  from  sulphur.     The  other  impurities  of  coal   gas  arc   not    more 
abundant  than  in  that  made  from  other  coals.     A  farther  analysis  of  the  same  company's 
gas  coal,  made  by  Professor  Thompson,  ol  London,  gives : — 

i tic  gravity l'27o 

ent.    - 

Volatile  mailer,  percent.        .......  B4r8 

Cubic  feet  of  gas,  per  ton,  gross        .....  n.ii>> 

purified 11,-"-' 

Impurity  per  cent,  in  gas 1*8 

Specific  gravity  of  purified  gas 408 

illuminatim.'  matter  eoiidcn-ible  by  bromine,  percent. 

Cvbtniio  canto  fa  purified  ent.       ....  MX) 

Illuminating  power  of  the  gag,  burnt  a:  .".  Ie,-t  per  hour,  equal  t 

- -oiisiiiiiing  120  irrains  p»r  horr.     Heating  BOwer  of  the  coal :— lib.   will  I 
.  ot  boiling  water  into  -  team. 
Tin:  Hw  at  tiii;  Guars  lion  i.,  I''  in  ■,  costs  annually  180,000  fran 
li  what  the  lighting  cost*  for  the  whole  town  ol  i  irli  a 
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last,  from  the  various  railways  having  access  to  the  metropolis,  has  exceeded  the  quantity 
for  the  corresponding  month  of  Julv  1S62,  by  16,818  tons  18  cwt.  The  supply  for  the 
month  of  July  1863  being  126,273  tons,  against  109,455  tons  2  ewt.  for  July,  1862. 

APPLIED  CHEMISTRY. 

PrEiFiCATiox  of  Coppeb,  by  MM.  E.  JIillox  axd  A.  CostMAiTEE. — The  copper  to 
he  purified  we  treat  with  commercial  sulphurie  acid  diluted  with  half  its  volume  of  water. 
The  addition  of  water  moderates  the  reaction,  and  regulates  remarkably  the  disengage- 
ment of  sulphurous  acid,  a  fact  not  to  be  neglected  in  the  preparation  of  the  latter  gas. 
It  matters  little  whether  the  sulphuric  acid  employed  is  arsenical ;  after  fifteen  or 
twenty  minutes' boiling  all  the  arsenic  contained  in  the  acid  is  precipitated,  and  we  know 
of  no  better  means  of  freeing  from  arsenic  an  impure  sulphuric  acid.  On  continuing  the 
boiling,  the  copper  dissolves  in  the  sulphuric  acid,  and  separates  from  the  arsenic  it  con- 
tains. The  sulphate  of  copper  formed  contains  no  trace  of  any  arsenical  combination. 
The  whole  of  the  metalloid  is  recovered  in  the  form  of  a  black  powder,  described  as  oxy- 
sulphide  of  copper,  and  on  which  sulphurie  acid  has  no  action.  When  the  disengage- 
ment of  sulphurous  acid  is  at  an  end,  boiling  water  is  poured  on  the  residium  of  the 
operation,  which  is  then  heated,  so  as  to  dissolve  the  sulphate  of  copper  formed ;  the 
acid  liquid  is  allowed  to  remain  until  the  black  oxysulphide  of  copper  is  deposited  ;  then 
the  liquid  is  decanted,  evaporated  to  dryness  to  set  rid  of  the  excess  of  sulphurie  acid, 
and  the  sulphate  of  copper  recovered  by  hot  water  from  which  it  crystallises.  Sulphate 
of  copper  obtained  in  this  way  almost  always  contains  iron,  and  not"  unfrequently  zinc. 
Copper  i  arated  from  the  two  other  metals  by  an  electric   current.    With  the 

above  salt  an  acid  solution  is  formed,  into  which  the  platinum  electrodes  of  a  pile  is  in- 
troduced. The  current  is  so  regulated  that  the  deposit  takes  place,  not  in  a  pulverulent 
form,  but  in  that  of  flexible  homogeneous  Hakes.  A  large  excess  of  salt  of  copper  must 
be  maintained  in  the  solution.  The  copper  thus  precipitated  possesses  all  the  characters 
of  absolute  purity.  Among  the  experiments  employed  to  detect  the  presence  of  iron, 
the  singlar  reaction  produced  by  the  contact  of  copper  leaves  with  a  solution  of  eupric 
salt  may  be  mentioned,  containing  a  large  excess  of  ammonia.  The  operation  is  con- 
ducted in  an  air-right  flask,  quite  filled  with  an  ammoniacal  solution  of  salt  of  copper. 
When  this  solution  i~  not  v.-.  concentrated  the  metallic  copper  rapidly  dissolves,  and  the 
blue  liquid  soons loses  ite  colour ;  if  the  copper  and  the  eupric  solution  are  quite  pure, 
the  metal  simply  dissolves,  and1  the  bisalt  changes  to  protosalt.  But  should  the  metal 
or  the  solution  contain  iron,  that  metal  will  be  precipitated  as  a  yellow  powder,  very 
alterable  by  contact  with  air.  The  yellow  powder  contains  but  an  infinitesimal  quantity 
of  iron,  and  is  principally  composed  of  protoxide  of  copper,  zine  is  also  precipitated. 
The  analysis  of  this  powder  gives  the  following  proportions  : — 

Copper 9n-17 

Iron      ---- ooO 

Zinc 0-33 

This  elimination  of  iron  and  zinc  would  not  be  possible  did  the  ammoniacal  salt  of  copper 
contain  oxalic  or  tartaric  acid;  hut  we  have  proved  it  with  eupric  phosphate,  nitrate, 
sulphate,  and  chloride.  It  is  not  easy  to  explain  why  so  small  a  quantity  of  iron  induces 
the  precipitation  in  the  state  of  oxidule  of  a  quantity  of  copper  two  hundred  times  larger. 
I:  is  an  unique  influence,  and  for  an  instant  led  us  to  believe  in  the  existence  of  "copper 
of  an  undetermined  metal ;  but  the  copper  accompanying  the  iron  has  exactly  the  pro- 
perties of  ordinary  copper.  In  any  ease  we  know  no  more  sensitive  process  for  ascer- 
taining even  the  least  indication  of  iron  in  copper  and  its  combinations  •  we  made  use 
of  it  in  testing  the  copper  obtained  by  the  previously  described  method,  and  in  25 
grammes  of  purified  copper  found  no  I  race  of  iron. 

TMI  NT   OF   PoiSOKlXG   BY   COEBOSIVE    SfBUMATE. — Wlldl  a  Solution  Of  COlTOsiVC 

sublimate  is  placed  upon  a  bright  piece  of  gold  and  touched  with  an  iron  point,  it  un- 
dergoes decomposition,  a  thin  him  of  metallic  mercury  being  deposited  on  the  surface 
of  the  precious  metal.  Dr.  .1.  C.  Johnstone,  of  Baltimore,  by  the  pro  itical  application  of 
this  fact,  has  succeeded  in  saving  the  life  of  a  gentlemen  in  that  city  who  had  swallowed 
two  crucibles  of  the  bichloride  of  mercury.  In  less  than  half  an  hour  afterwards  he  had 
given  his  patient  a  bolus  composed  of  half  a  book  of  gold  leaf,  having  previously 
sprinkled  a  drachm  Of  Iron  reduced  bj  tween  its  leaves.     This   oose   was  re- 

tained but  a  short  time,  when  it  was  repeated  with  the  happiest  result-;  the  vomiting 
and  di  ;  and  the  man  recovered   rapidly  under  the  ordinary  treatment  for 

gastritis.  Dr.  Johnstone  thinks  that,  if  the  gold  leaf  had  been  rubbed  in  a  mortar  with 
blight  iron  filings,  and  the  mixta!  to  water,  it  would  ho  .ore  speedily 
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List  of  New  Patents, 


("The  Arttzait, 
I    Sept.  1, 1863. 


LIST  OF  APPLICATIONS  FOE  LETTERS 
PATENT. 

Wk  HAVE  apopted  a  new  arrangement  op 
the  Provisional  Protections  applied  for 
eyInventors  at  the  Great  Seal  Patent, 
Office.  If  any  difficulty  should  arise 
with  reference  to  the  names,  addresses* 
or  titles  given  in  the  list,  the  requi- 
site information  will  be  furnished,  free 
of  expense,  from  the  office,  by  addressing 
a  letter,  prepaid,  to  thk  editor  of 
"The  Artizan." 

Dated  July  24th,  ]S63. 

1850  J   Kirklnnd — "Working-  hydraulic  presses. 

1851  W.  L.  Barnes— Stopping-  lailway  tiains  or 
other  locomotive  carriages. 

1852  A.  En"  lish — Protecting  horses  and  other  cattle 
during  rbeir  transit  by  rail  and  on  board  ship. 

1853  T  S'urgeou— Chains. 

1854  B.  Bainbaum — Gaiters  and  leggings. 

Dated  July  25th,  1863. 

1855  T.  C.  Bui!  &T.  Morgan— Collecting  fruit  from 
trees  without  injury. 

1856  G.  H.t  J.  M.  I.,  &  J.  James— Coversf.rpurses, 
wallets,  and  pocket  books. 

1857  P.  E.  G«y— Boring  apparatuses. 

1858  J.  Bi>  d— Forming  imitatiou  selvages  cr  longi- 
tudinal cords  in  weaving. 

1859  F.Tnlhausen— Gun  barrels. 

1860  C.  Crockford— Treatment  and  utili?atiou  of 
certain  of  the  waste  products  from  the  manufac- 
ture of  alkali  and  bleaching  povrder,  and  also 
from  certain  smelting"  operations. 

Dated  July  27th,  18(53. 

1861  J.  W.  Welch— Sizing  and  finishing  fabrics. 

1862  W.  Tranter — Breech-loading  and  other  revolv- 
ing fire-arms. 

1863  K.  &  L  Ford— Imitation  of  different  kinds  of 
ma'bles  or  similar  ornamental  materials 

18R4  T.  Thorne— Disengaging  ships'  boats. 

1P65  G.  Haseltme — Coul  oil  lamps. 

1866  R.  A.  Brooman — Sleepers  or  supports  for  the 

rail*  of  railways. 
1S67  J.  Pain— Umbrellas  pnd  parasols. 

1868  J.  Whittaker— Obtaining  motive  power. 

Dated  July  2Sth,  1863. 

1869  R.  Dawson— Extinguishing  fires. 

1870  M.  Cockerell — Locks  and  latches. 

18"1  A.  Hector — Facilitating  the  catching  offish 

1872  A.  A.  A.  B.  de  Rostaing — Manufacturing  iron 
and  steel  with  cast  iron  taken  inthedivided  state 

1873  D.  Taylor — Ventilating  hay,  corn,  and  other 
rickn. 

1874  J.  Jewell— Setting  boilers. 

1875  W.  T.  Smith— Securing  the  cords  of  blinds 
and  other  rollers. 

Dated  Jul*  29th,  1863. 

1876  J.  S'.vinty — Feeding  troughs  for  sheep  aud 
other  cuttle. 

1877  P.H.  Giiardin— Lnmps. 

187S  N.  Thompson— Stopping  the  hung  holes  of 
casks  and  similar  vessels. 

1879  G  Kickarby  &  T.  A.  Barrett— Window  frames 
and  sashes. 

1880  H.  A.  Bonneville  —  Self-acting  flushing 
apparatus.  ,  s 

1881  W.  E.  Newton— Cartridges.  *  1 

1882  E.  Starve— Coating  metallic  surfaces. 

Dated  July  30th,  1663. 

1883  G  Inskeep— Grinding  bones,  grain,  logwood, 
and  such  lUe  substances. 

1884  J.  \V.  Branfurd — Longitudinal  and  transverse 
hoe. 

18H5  J.  Bneddinghiius  —  Priuted  or  particoloured 
yarns. 

3886  J.  T.  Stephens  &  C.  Horre— Yarns,  threads, 
laid  twine,  and  other  cordi'ge. 

138"  J.  B.  Howell— Ordnance,  fire-arms,  and  pro- 
jectiles. 

18S8  W.  8c  S.  Firth— Working  coal  and  other 
mines,  and  loading  waggons  and  other  vehicles. 

1889  G.  Smith— Railway  carriages  and  waggons. 

1-90  R.  Hoe  &  H.  J.  Cole— Packing  Ciises. 

1891  T.  Apps— Four-wheeled  vehicles. 

Dated  July  31st,  1863. 

1892  "W.  &  J.  Grahmn— Looms. 

1893  G  Sigl— Force  pumps 

1894  J.  C.  Had>  an— Fire-arms,  and  artillery  and 
projectiles  tor  the  same, 

4895  J    P.  Culverwell— Railway  lamps. 

1S96  J.   B.   Andreux — Application  of  steam  to  toy 

boats. 
1897  B.  Johnson— Pi »  no  fortes 
1S98  J.  F.  Dickson-Boots  and  shoes 

1899  A.  R.  Arrott  —  Bleachiug  certain  vegetable 
fibres. 

1900  R.  Stewart— Operating  the  cut-off  valves  of 
Steam  engines. 

Dated  August  1st,  1563. 

1901  W.  Cotton— Looped  fabrics 

1902  R.  A.  Broomn.il — Dyeing  mixed  animal  and 
vegetable  fibres. 

1903  R.  A.  Urownan— Wiirmingpnn. 

1904  G.Taylor—  Sim  ping  boiler  and  other  plates. 

1905  J.  Hoeller— Treating  Codilla  fibre  and  tow,  to 
render  them  available  as  a  substitute  for  cotton. 

190o  J.  Kirk— Looms. 

1907  T.  Brailehaw— Giving  motion  to  (lobby  horses, 
Hying  and  swinging  bunts,  or  similar  apparatus 
used  for  public  amusement. 

1908  R.  E.  Bib  by— Fireproof  cement. 


19C9  E.  Sutton — Fastenings  for  cigar  cases,  portc- 
monnaies.  and  bags. 

1910  T.  Fellowes  «t  H.  Hemfrey— Elevating  straw 
and  other  agricultural  produce. 

1911  J.  E.  Vanner — Umbrellas  and  parasols 

Dated  August  3rd,  1863. 

1912  E.  A.  Cowper— Self-acting  mules  for  spinning. 

1913  J.  W.  P.  Field— Sheaths  or  cases  for  staves  or 
other  similar  weapons. 

1914  B.  W.  Gerland— Si/e.  glue,  and  phosphates. 

1915  J,  I.  P.  Bonnet  &  J.  Pfister— Lumps. 

1916  H.  Woods — Regulating  the  temperature  during 
the  pr.  cess  of  terraentation. 

1917  J.  Muuro — producing  optical  illusious. 

Dated  August  4th.  18G3. 

1918  C.  Gouty— Fulling,  thicktning,  felting,  and 
cleansing  cloths. 

1919  J.  Abrahams— B i  akes  for  railway  and  other 
carriages. 

1920  T.  H.  Baylis — Hawse  pipes,  mooring  pipes, 
and  deck  chain  pipes. 

1921  G.  Stevens— Effecting  a  regular  supply  of  air 
or  aeriform  rlui-  s  f  r  various  purposes. 

1922  S.  Bury  &  J.  Price—  Valves  for  steam  engims. 

1923  J.  H.  Wiilsh— Breech  loading  fire-arms,  and 
extracting  cartridge  caseB  therefrom. 

1924  E.  A.  Coteile— Manufacturing  gas  alcohol  by 
means  of  diluted  acids  acting  indinnitely  without 
reconcentration, 

1925  W.  E.  Newton — Mculding  and  casting  hollow 
projectiles. 

1926  E.  Pace— Cutting  splints  for  matches,  and 
collecting  the  same. 

1927  T.  PIckers<*ill  —  Feeding  wool,  cotton,  m.d 
other  fibrous  materials  into  machines_;for  pre- 
paring the  same  for  spinning. 

Dated  August  5tb,  1863. 

19l8  E.  A.  Cowper  —  Furnaces  for  heating  air, 
steam,  and  other  elustic  nuius. 

1929  G.  Clark — Construction  aud  protection  of  ships, 
vessels,  and  floating-  batteries. 

1930  G.  Wilkius— Railway  signalling. 

1931  W.  Storer  &  J.  Hancock— Electro  motive 
engines. 

1932  C    Garton  &T.  Hill— Evuporatingand  cooling. 

1933  W.  Hodson—  Propelling  carriages  aud  vessels. 

1934  A.  V.  Newton— Stereoscopic  plates. 


Datbd  August  6th,  1863. 

1935  G.  Gowland— Mariners'  compasses. 

1936  C.  Lowe — Dyeing  and  printing. 

1937  J.  E.  Dowson— Metallic  structures. 

1938  J.  G.  fenede— Reguluting  the  speed  of  steam 
and  hydraulical  engines. 

1933  W.  I'.  Hodgson  &  J.  V.  Woodfield— Rivets. 
lp/10   J.Tenwick — Self-acting   valves  and  traps  for 
sewe.s. 

1941  J.  Young— Preservation  of  animal  matter. 

1942  W,  Chirk— Ovens. 

194i  W.  Clark— Tap  or  stop  cork  apparatus. 

1944  G.    E.    Charageat — Frain.  s  for  umbrellas  and 
parasols. 

1945  E.  E.  Guelle— Ink  stands. 

1946  J.  Kirkbam— Generating  heatfor  smelting  and 


bottoms  of  ships  or  vesseis. 

Dated  August  7th.  1863. 

1948  C.  or  K.  Liddle— Cooking  an  egg. 

1949  W.Joue.s— Steam  boilers. 

1950  F.  G.  Mulhollund— Pipe  castings  for  gas, 
water,  or  sanitary  and  other  general  purposes. 

1951  A.  V.  Newton— Shuttles. 

1952  J.  W.  Slater— Production  of  yellow  and  orange 
colouring  matters. 

1953  J.  H.  Johnson— Pieventing  sea  sickness. 

1954  R.  A.  Brooman— Coke  ovens. 

1955  E.  Watson— Apparatus  whereby  screw  pro- 
pellers may  be  made  to  steer  as  well  as  propel. 

1956  J   Piatt— Supplying  steam  boilers  with  water. 

1957  T.  W.  Gillod— Chess  boards  and  chessmen. 

1958  E.Morewood— Coating  metals 

1959  J.  Thompson  &  E.  G.  &F.  A.  Fitton— Carding 
engines- 

Dated  August  8th,  1863. 
19C0  N  Jarvil  fit  W.  Miller— Oakum. 
1961  W,  B.  Rubins— Extinguishing  fires. 
19ri2  J.,  J.,  A.,  St  W.  Thornton— Producing  looped 
fabrics.  „  .    ,.        ,.  , 

1963  A.  P.  Pric  —Application  of  india  rubber  and 
gutta  perchu  to   the  manufacture  of  brushes  and 

1964  h".  R.  Brown— Apparatus  fo*-  the  regulated 
delivery  of  cards,  tickets,  Inbels,  hills,  and  sheets 
or  pieces  or'  cardboard,  paper,  metal  or  other 
material  for  advertising  or  other  purposes. 

1965  M  Smith  —  Obtaining  farinaceous  material 
from  potatoes. 

1966  J.  W.  Armstrong— Fastenings  for  the  rails  0t 
railways. 

Dated  August  nth,  1863. 
19ft"  J.  A.  Fulierton — Fastening  hoops  for  packing 

bales. 
19tib  P.  M,  del  Rio— Obtaining  motive  power. 

1969  B.  Heyue— Apparaius  tu  facilitate  sketching 
and  thawing  landscapes,  buildings,  machinery 
and  other  objects  in  correct  perspective. 

1970  R.  Dickson— Lithographic  printing  presses. 

1971  R.  J.    Cunuack— Cartridges  for  blasting  and 


Dated  August  lOih,  1S63. 

1973  J.  Robs  in— Money  tills. 

1974  E.S  Simvu— Fastening  for  leggings. 
19  "5  E.  Myers  &  H.  Forties— Rotary  pump. 

l'J76  W.  Knowles  &  R.  HalUweU— Preparing,  spin 
ning,  aud  doubling  cotton. 


1977  D.  W.  Barker — Apparatus  for  actuating  rotary 
shuttle  boxes. 

1978  J.  T.  King — Lighting  railway  carriages,  steam 
boats,  aud  other  moveable  vehicles  and  vessels 

1979  W.  B.  Haigh— Equilibrium  saw  frame. 

1980  A.  V.  Newton — Hardening  cast  iron. 

1981  J.  G.  Willans— Iron. 

1982  W.  Clark — Road  sweeping  machines. 
19?3  J.  Wheeler — Perfuming  n  loves. 

1984  W,  Gray— Reaping  machines. 

1  85  Sir  J.  S.  Lillie— Revolving  battery. 

Dated  August  12th,  1863, 

lc86  G.  Graham— Baths  or  boilers  u  ed  in  dyeing. 

1987  R.  Mushet— Cast  steel. 

1988  J.  Comforth  &  A.  Andiews— Nails. 

1939  L.  R.  Bodmer— Dressing,  fiuishing.  and  im- 
partiug  a  lustre  to  yaru  and  thread  made  of  silk, 
cotton,  and  other  fibrous  substances. 

1990  R.  Canhnm— Moulds  for  casting. 

1991  J.  Templeman— Artificial  fuel. 

1992  R.  S.  Nrwall — Drying  chemical  compounds 
and  other  substances. 

1993  R.  Wappeustein— Prevention  of  forgery. 

1994  W.  Hudson,  C.  Catlow,  &  J.  Dudgeon— Looms 
for  weaving. 

1995  R.  S.  Newall— Serving  ropes  fur  ships' rigging 
and  other  purposes. 

1996  W.  Clark — Lamp  for  burning  dial  oil  and  other 
similnr  hy.iro- carbons  without  the  aid  of  a  draught 
chimney. 

Dated  August  13th,  1863. 

1997  J.  Ellis — Scouring,  cleaning,  and  polishing 
wheat,  rice,  malt,  trrain.  and  oth«r  seeds. 

1998  C.  C.  Demett— Fireproof  buildings. 

1999  H.  Wincbcomb— Street  pillar  letterboxes  and 
bags  f  r  the  reception  or"  pest  letters. 

'2000  J.  Edmunds— Gun  end  pistol  furniture. 

2001  T.  Asbwin— Dress  fnsttning. 

"2002  C.  Tessier — Safely  closing  doom,  windows,  and 

other  apertures. 
20u,'t  J,  Henderson — Preparing  yarns  for  printing. 
20n4  M.A.  F.  Ment.ons— Numbering  machines. 

2005  E.  Deane — Artillery  and  fire-a.ins,  aud  pro- 
jectiles for  the  same. 

2006  H.  Brown — Burners  for  lamps  for  burning  oils 
or  fluids. 

Dated  August  llth,  1563. 

2007  A.  E.  Brae  —  Conducting  electric  currents 
through  railway  trams  and  actuating  signals  or 
alarums  therein. 

2008  0.  Scniele— Fans,  pumps,  and  for  propelling 
air.  fluids,  or  other  substances  by  centrifugal 
force . 

2i)09  S   R.  Wilmot— Hand  trucks. 

2010  R.  B.  Greenwood — Preventing  accidents  upon 
railways. 

2011  E.  Taylor— Churning. 

2012  E.  B.  Wilson—  Blast  furnaces. 

2013  F.  J.  Jones — Locks  or  lasteuings. 

2U14  M .  H .  Lishman — Punching  ami  marking  plates 
in  ivhich  ho: en  are  to  be  punched. 

2015  M.  Siegrist— Railway  breaks  actuated  by  the 
pressure  of  the  atmosphere. 

2016  N.  S.  Russell — Working  great  guns. 

2017  J.  Wain— Doubling  threads  of  cotton  and 
other  fibrous  materials. 

2018  W.  Asbury — Axie  and  axle  boxes. 

Dated  August  15th,  1863. 

210.i  J.  Taylor— Soap. 

2019  J.  W.  Hoffman — Producing  optical  illusions 
for  stage  effect  in  theatres  or  exhibitions. 

2020  P.  F.  L.  B.  Hirn— Waterproof  preparation  to 
make  fabrics,  thread,  textile  matters  and  others 
impenetrable  against  water. 

2021  G.  Tates — Indicating  the  number  of  tubs  or 
other  measures  drawn  from  mines- 

2022  G.  Davits — Furnaces  for  heating,  flattening, 
and  annealing  glass. 

2023  E.  Scott — Regulating  the  speed  of  engines. 

2024  R.  Parker — Preparing,  spinning,  and  doubling 
cotton. 

2025  R.  Smith  &  J.  Booth— Paper  hangings. 

2026  E.  Lord — Preparing,  spinning,  and  doubling 
cottou. 

2027  F.  Flavell — Shakers  for  thrashing  machines. 

2028  J.  E.  F.  Ludeke — Keeping  cameras  or  other 
apparatus  steady  when  suspended  to  balloons. 

2029  T.  Brooks — Production  of  charcoal  and  other 
products  from  refuse  tan  und  other  woody  sub- 
stances. 

2030  J.  Grantham— Salt. 

2031  A.  V.  Newton— Printing. 

2032  R.  Li ghtbown— Looms. 

2033  E.  H.  Bentall— Thrashing  corn  and  other  grain 
or  seeds. 

2034  G.  T.Bousfield— Cement. 

2035  A.W.Parker— Soap. 

Dated  August  17th,  1863. 

2036  J.  Smith — Finishing  woven  fabrics. 

2i'37  A.  M.  Dearn  —  Centrifugal  disc  mashing 
machine. 

2038  H.  A.  Bonneville— Engraving. 

2039  H.  A.  Bonneville— Spinniug  wool. 
20-10  W.  Longbottom — Lubricator- 

2041  R.  Bail  lie— Reefing  or  furling  the  sails  of 
vessels. 

2042  T.  Loftus — Apparatus  for  attaching  to  steam 
b"ilers  and  Hues  for  the  consumption  of  smoke. 

2043  J.  S.  Crosland — Lubricator. 

Dated  August  16th,  1863. 

2044  J.  Broadley— Weaving. 

2045  J.  Arthur —  Prevention,  cure,  and  relief  of 
hernia  of  every  description. 

204ti  J.  Briggs— Cov-iiugcrtuoHne  steel. 
20i7  J,  Brennaud — Fire  liars. 

2048  H.  Robinson— Limekilns. 

2049  T.  Dobb— Chimney  tops. 

2050  A.  Ciuickshtink— Food  for  cattle  and  all  other 
domestic  animals,  poultry,  and  game. 

i051  J.Yates — Securing  armour  plates,  blocks,  or 
bars. 


2  052  R.  A.  Brooman— Hats,"  caps,  and  bonnets. 

2053  R.  A.  1!  room  an— Treating  mola-sts,  syiups, 
saccharine  juices,  and  other  products. 

2054  J.  B.  V.  Faure— Pen  and  ink  holders. 

2055  C.  H.  McCormick— Reaping  machines. 

£056  C.  G.  Wilson— Pressing  cottou   and  crushing 
.    aud  pressing  other  substances. 

Datkd  August  19,  1863. 
205"  W.  Jncksou—  Sewing  machines. 

2058  C.  Sonnhammrr — Fan. 

2059  T.  Howard— Spinning  cotton,  flax,  wool,  silk, 
and  other  fibrous  substances. 

20fc0  r.  Scott— Floating  docks  for  lifting  ships  and 
other  bodies. 

2061  G.  T.  Bousfield— Feeding  [weft  in  hsir  cloth 
looms. 

2062  S.  Sanderson — Fastening  for  leggings,  stays 
or  other  articles. 

2063  G.  Bonelii  &  H.  Conk— Producing  optical  illu- 
sions of  moving  animals  and  bodies. 

2064  R.  H  Jackson— Sawing  wood  and  other  fibrous 
substances. 

Dated  August  20th,  1S63. 

2091  H.  Batt — Roughing  horses  bv  the  application 
of  a  clog  instead  of  taking  off  the  shoe . 

£0t>5  G.  Speacer— preservatnn  of  wood,  stone,  aud 

metallic  surfaces. 
2066  W.  &  J.  Galloway— Steam  boilers  and  steam 

water  gauges. 
20h7  S.  Hnllbworth&T.  Piatt— Colouring  matters. 

2068  W.  Hamilton— Spring  mattresses. 

£069  J.  Fleming— Preserving  the  colours  of  dyed 
fabrics. 

2070  J.  Piatt,  &  W.  Richardson-Cleaning  cotton 
and  wool. 

2071  J.  Piatt  Sc  W.  Richardson— Winding  narror 
laps  of  wool. 

2072  W.  E.  Newton— Cartridges. 

2073  C.  1).  Hammond— Treatment  of  certain  borii 
ailments. 

Dated  August  2lst,  1863. 

2074  J.  F.  Hill— Improved  ventilating  gas  lamp 
gasili.r. 

2075  J.  Eccleston — Economising  or  regulating  via 
power  used  for  blowing  orgaus  and  hnrmouiun 

20'jii  T.  F.  Cushin — Menus  of  communication  I 
tween  the  passengers,  guard,  und  oriver  of  a  ra 
way  train  in  motion. 

2077  R  Thompson — Machinery  for  plaining- curvt 
curvilinear,  irregular,  and  other  lornis  in  iro 
steel,  and  other  metals. 

2078  R.  a.  Brooman— Expressing  and  filtering  c 
from  seeds,  und  liquids  from  othersubstancea  coi 
taiuiug  the  same. 

2079  W.  Evans— Artificial  fuel. 

20^0  R.  Griffiths — Construction  of  retorts  or  oven 
for  extracting  oil  from  caunel  coal  or  ether  bitu 
minous  substances. 

2031  E.  l'oi-e — Improvements  in  breech-loading  lire 
arms. 

£082  J.  B.  C.  Lange— Apparatus  for  indicating  rhi 
speed  or  distance  travelled  by  vehicles  and  car- 
riages. 

Dated  August  22nd,  1863. 

2083  T.  Pegiam— Plate  holder  for  the  photographic 
camera,  adapted  to  carry  different  sized  plates, 
each  plate  beiug  on  the  same  plane  and  in  the 
same  focus. 

2084  R.  A.  Hrooman — Closing  powder  canisters  and 
other  vessels. 

2085  A.  Watson— Inserting  pictures  in  and  with- 
drawing them  from  photographic  albums. 

2086  R.  A.  Brooman— Metallic  alloy. 

2087  L.  E.  C.  Martin — Apparatus  for  heating  and 
purifying  water. 

2088  S.  Moore — Apparatus  for  electro-plating  and 
for  medical  purposes. 

2069  H.  J.  Simlick— Fusees  or  matches  to  light 
cigars  or  pipes. 

3090  W.  Benson  &  P.  W.  Greenwood— Prepariag 
and  spinning  wool  and  otter  similar  fibres. 

Dated  August  24th,  1863. 

2092  A.  Johson — Drawing  ordischarging  coke  ovens 
and  loading  coke  wagons. 

2093  L.  Guillemot  —  force  matrice  or  perpetuel 
mouvement. 

2094  C.  S.  Grasset— Machinery  used  for  cleaning* 
cotton  from  its  seeds. 

2095  A.  Capello  —  Improved  method  of  glazing 
morocco  leather. 

2096  F.  R.  Stack— Military  bridges,  piers,  landing 
stages,  and  esc  'lading  appiiraius. 

2u97  H.  F.  McKillop— Improvements  in  cleaning 
ships' bottoms. 

2098  R.  A.  Brooman — Improvements  in  air  and  gas 
eugint-s 

Dated  August  25th,  1863. 

2099  A.  Hett  &  F.  W.  Basset— Preserving  meat  and 
other  substances  used  for  lood. 

2100  G  E.  Lewis,  H.Walker,  8c  J.  B.  Wayne— 
>  ire-arms. 

2101  W.  E.  G edge— Candles. 

2102  J.  W.  Friend— Gas  meters. 

2103  J-  Thomas  &  W.  F.  Marshall— Spinning. 

2104  T.  Hopkins — Carnage  doorhand.es. 

21C6  J.  L  Kesslei — Evaporating  and  distilling. 

Dated  August  2Gth,  1863. 

£107  S.  Fattorini— Division  of  time. 

2108  T.  Westhorp— Preparing   cut  rope  sttands  or 

yarn  for  carding  into  <akum. 
£109  R.  Johnson  &  G.  Bedsou — Pointing  wire  rods 

to  facilitate  their  introduction  into  draw  plates. 

2110  W.  E-  Newton — Extracting"  coal  from  mines. 

2111  J.  Piatt  &  W.  Richardson— Stoves. 

£112  J.  Fry — Mashing  machiuery  used  in  making 
fermented  liquors. 

2113  D.  Blake— Shaping  and  punching  metallic 
articles. 

2114  J.H.  Johnson—  Obtaining  ar.d  applying  motive 
power. 


THE     ARTIZAN.    OCT"     l?T     1863- 


As  fitted  to  the"Serai  ng  N°  2 ." 
Constructed   by  the   Societe    Cocker i ll  ,  S e rai n c 
BELGI  U  M  . 


FIC.  2.    PLAN     OF     DECK 


«*= 


the     aM  !iAM     JLI  U.  i&t J- 


AYilAULBC 


[PMiPI  LLE  ^ 


G0&jiMrsswj4*j/szmA 


■  ^     ~    " -■  -■■    -      "'■ 


THE  ARTIZAN. 

Xo.  10. — Yol.  1. — Third  Series. 


OCTOBER  1st,  1863. 


WATER  -  JET    PROPELLED    SHIPS. 
{Illustrated  by  Plates  219  and  250.) 

Considerable  attention  has  recently  been  given  to  the  necessity  which 
exists  for  the  employment  of  some  efficient  arrangement  of  submerged 
propellers.  The  Admiralty,  impressed  with  the  importance  of  having  a 
means  of  propelling  and  manoeuvring  vessels  by  a  propeller  so  placed  as  to 
be  nearly,  if  not  entirely,  free  from  the  liability  of  being  shot  away  or  other- 
wise damaged  when  in  action,  have  given  this  subject  their  serious  attention, 
and,  we  understand,  it  has  been  decided  that  one  of  her  Majesty's  ships  is 
to  be  propelled  by  means  of  water  projected  through  nozzle  pipes,  placed 
one  on  either  side  of  the  vessel.  We  may  add  that  we  believe  it  is  mainly 
owing  to  a  sense  of  the  importance  of  this  principle,  and  the  intention  on 
the  part  of  the  Admiralty  to  adopt  it,  that  Mr.  Ruthven  recently  obtained 
from  the  Privy  Council  a  prolongation  of  his  patent. 

Some  time  since,  Messrs.  Cockerill,  of  Seraing,  near  Liege,  built  a 
steamer  intended  for  passenger  traffic  on  the  river  Meuse,  and  fitted  to  her 
a  hydraulic  or  water-jet  propeller,  being  a  modification  of  Ruthven's  patent. 

The  accompanying  plate,  21-9,  shows  the  general  arrangement  of 
the  vessel,  and  Figs.  1  and  2,  Plate  250,  show  respectively  a  cross-section 
and  plan  of  the  propelling  apparatus,  which  maybe  described  as  consisting 
of  three  distinct  parts  ;  viz.,  the  motor  or  engiue  for  working  the  apparatus, 
the  pump,  and  the  propeller  tubes  and  nozzles. 

The  same  letters  of  reference  are  used  in  both  plates  to  denote  the  like 
parts  of  the  apparatus.  The  motor,  M.  is  a  horizontal  condensing  engine, 
of  U)  H. P.  nominal ;  B,  the  boiler;  I)D,  the  cylinders,  placed  diagonally, 
and  working  upon  the  same  crank  pin;  E,  the  condenser,  air  pump,  &c. 
The  crank  shaft,  A,  is  placed  vertically,  and  is  worked  direct  from  the 
cylinders;  the  upper  portion  of  the  shaft,  A,  works  in  the  bearing  F; 
and  the  lower  portion  forms  the  driving  axis  of  the  centrifugal  pump,  G, 
open  at  the  bottom,  .IK,  and  its  exterior  circumference  L.  A  water  con- 
duit or  chamber,  N,  with  a  number  of  holes  in  the  bottom  thereof,  forms  the 
channel  of  communication  between  the  pumps  and  the  external  water ;  C 
is  the  spiral  channel  or  passage  around  the  pump  case  connected  with  the 
propeller  tubes.  The  motion  of  the  pump  G,  when  rotated,  being  transmitted 
to  the  water  enclosed,  a  centrifugal  force  is  generated,  by  means  of  which 
the  water,  driven  off  fiom  the  axis,  ascends  into  the  passage  surrounding 
the  pump,  and  is  projected  through  the  nozzles  IM',  which  arc  capable  of 
being  turned  in  a  stuffing-box  or  gland,  Q,  so  that  the  vessel  may  he  pro- 
pelled in  either  direction  ;  or,  if  the  two  nozzles  are  each  placed  in  opposite 
directions,  the  vessel  may  be  turned  on  the  centre,  and  manoeuvred  by  this 
means  similarly  to  a  vessel  provided  with  twin  screws.  Moreover,  this  pro- 
pelling apparatus  is  of  considerable  value  where  canals,  narrow  river*,  or 
tortuous  channels  have  to  he  navigated — and  which  is  the  character  of  the 
route  upon  which  this  vessel  plies — as  the  extreme  breadth  of  the  ship  is 
reduced  by  25  to  80  per  cent. 

The  nozzles  of  the  tubes  are  worked  from  the  deck,  and  the  movements 
of  the  vessel  may  thus  be  governed  directly  and  independently  of  tin- 
working  of  the  engines;  and  also  independently  of  tie-  rudder,  as, 
though  this  might  become  damaged,  nnd  even  rendered  useless,  the  vessel 
could  be  steered  as  usual  by  the  proper  management  and  working  of  the 
movable  nozzles  of  the  propeller  tubes. 

Although,  in  the  case  of  the  Seraing,  the  vessel  which  we  have  illus- 
trated— she  being  a  vessel  of  very  light  draught — the  nozzles  are  not  sub- 
merged (being  entirely  above  the  water  line)  ; — in  war  vessels,  or  in  vessels 

if  deep  draught,  the  nozzles  would  be  submerged  ;  and,  indeed,  the  whole 
of  the  machinery  and  apparatus  would  be  placed  so  far  below  the  water 
line  as  to  be  out  of  reach  of  shot. 

Thus  the  hydraulic  propeller,  whilst  it  requires  no  greater  draught  of 
water  than  paddle-wheels,  has  the  great  advantage  over  i  screw  propelled 
ship  of  having  the  propelling  tubes  submerged  and  freed  li- the  contin- 
gencies to  which  a  screw  i*  li , ' .  1  ■  • .  or.  in  the  case  of  war  vessels,  of  being 
shot  away  or  damaged  by  the  enemy;  snd,asan  additional  security,  the 
propeller-tubei  might  be  placed  within  the  bodj  of  the  vessel,  instead  of 
externally. 

Although  we  have  briefly  referred  to  -  not  o  i  d  igw  peculiar 

to  the  hydraulic  propeller,  it  cannot,  on  the  other  band,  be  argued  tor  it 

nor  is  it,  we  believe,  intended  to   do  so — that  in  point  Of  ecnoinv    ol 
there  is  anything  to  he  gained  by  its  We   look  forward) 


ever,  with  considerable  interest  to  the  purposed  adoption  of  the  principle 
by  the  Admiralty  for  the  propulsion  and  manoeuvring  of  ships  of  war,  and 
hope  to  be  able  at  some  future  day  to  give  the  results  obtained  from  its 
application. 

We  may  add  that  the  vessel  which  we  have  illustrated  and  referred  to 
has  been  running  regularly  between  Seraing  and  Liege  since  July  of  last 
year,  making  seven  double  journeys  each  day.  The  distance  between  the 
two  places  is  about  five  miles,  and  the  single  journey  is  accomplished  in 
about  thirty  minutes,  inclusive  of  four  stoppages.  We  purpose  giving,  upon 
another  occasion,  some  formulae  relative  to,  and  results  obtained  from,  ex- 
periments recently  made  with  this  propeller. 


A    CRITICAL    AND    HISTORICAL    REVIEW   OF    LOCOMOTIVE 
ENGINEERING. 

Br  J.  J.  Birckel. 

(Continued  from  page  193.) 

As  we  are  unavoidably  compelled  to  defer  giving  until  next  month  the 
second  of  our  series  of  plates  of  types  of  locomotives,  and  accompanying 
text  devoted  to  that  portion  of  our  subject,  we  will  now,  in  order  to 
make  our  task  as  complete  as  possible,  proceed  to  supply  such  omissions 
as  may  have  occurred  in  the  course  of  our  labours  from  want  of  sufficient 
data  on  points  which  are  yet  matter  of  disagreement  among  engineers, 
and  to  correct  one  or  two  statements  as  to  facts  about  which  we  had  been 
misinformed. 

Prominently  among  the  former  items  stands  the  question  of  the  density 
or  of  the  relative  volume  of  steam,  which  of  late  years  has  received  all  the 
attention  due  to  its  importance,  and  of  which  we  have  barely  made  men- 
tion in  its  proper  place  in  our  paper  on  the  Boiler,  in  The  Ahtizan  of 
January  last ;  with  this  question  we  are  now  enabled  to  deal  in  a  satis- 
factory manner,  through  the  courtesy  of  Drs.  Rankine  and  Fairbairn,  to 
whose  researches  the  scientific  world  are  indebted  for  the  better  knowledge 
they  now  possess  of  the  subject  of  the  density  of  steam. 

I'ntil  the  comparatively  recent  period  of  1S55,  it  was  universally  admitted, 
with  scarcely  a  dissentient  voice,  that  the  law  of  expansion  of  steam  under 
constant  pressure  was  the  same  as  that  of  a  perfect  gas,  as  defined  by 
Gay-Lussac;  namely,  that  for  equal  increments  of  temperature  there  are 
equal  increments  of  volume  at  the  rate  of  n-J-.T  of  the  volume  of  the 
gas  at  the  temperature  of  melting  ice,  for  every  degree  centigrade;  and 
that,  under  constant  temperature,  the  changes  of  volume  and  pressure  were 
in  accordance  with  Mariotte's  (or  Doyle's)  iaw,  namely,  that  for  a  given 
weight  of  gas,  the  product  of  pressure  by  volume  remains  constant  for  all 
degrees  of  expansion.  From  a  combination  of  these  two  laws,  and  with 
the  data  furnished  by  Dumas,  respecting  tin-  density  of  steam  at  the  tem- 
perature of  boiling  water,  the  general  formula  reproduced  below  has  been 
constructed, by  mean*  of  which  all  the  tables  of  relative  volume  of  steam 
bad  hitherto  been  calculated,  viz. : — 


lo..'..  *  H-7 


460  +  T 
071  x  P 


(1) 


where  ft  is  the   relative  volume   (or   the  volume  produced  by  one  cubic  foot 

of  water)  of  steam  al  the  temperature  T  and  of  pressure  P,  and   L869is 

thi      lume  of  steam  al  thepressureof  I4'71b.  being  that  of  the  atmosphere. 

The  correctness  of  the  tables  thus  computed,  assuming  the  perfect  gas 

theory  t'i  he  v-lid,  was  dependent  upon  the  accuracy  01  t  be  observations 
on  the  correlation  of  t  euiperat  lire  and  pn  -Mil  e,  and  of  the  formula-  em- 
bodying t  he  same  ;   and  to    ascertain    and    dcliiic    this  relation,    a    series  ol 

experiments,  on  a>  large  scale,  were  undertaken,  in  L880,  by  A>rago  and 
Dulong,  which  were  extended  to  pressures  of  24  atmospheres j  and  such 
great  care  was  bestowed  upon  them,  that  Pambour,  in  his  work  on  the 
locomoi  ive  engine,  says  I  ha1  "  ih*ir  n  tultt  art  *  ntitltd  to  tht  hightti  dean  < 

The  original  formula,  Constructed  by  them  to  express  that 
relation,  roads  as  follows,  in  its  most  convenient  shape: — 

i        M07VP  -  89*8 («) 

where  l      tpr<  net  the  tt  mperature  in  degrees  centigrade,  measured  from 
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the  zero  of  melting  ice,  and  P  the  pressure  in  kilogrammes  upon  the  square 
centimetre.  Previous  to  their  labours,  however,,  Tredgold  had  constructed 
a  formula  for  temperatures  below  that  of  212°,  which  till  now  held  the 
reputation  of  being  more  accurate  than  any  other,  for  pressures  not 
exceeding  four  atmospheres.     It  reads  as  follows : — 


T°  =  85\/p  -  75 


(3) 


where  T°  is  again  the  temperature  in  degrees  centigrade,  and  P  the  pres- 
sure in  centimetres  of  mercury ;  and  the  more  carefully  constructed  tables 
were  computed  from  the  data  furnished  by  Tredgold's  formula  for  the 
pressures  below  four  atmospheres,  and  from  those  furnished  by  Arago  and 
Dulong's  formula  for  the  pressures  above  that  named. 

As  early  as  1836,  however,  Pambour  showed,  by  plausible  reasoning,  and 
proved  by  direct  experiment,  that  the  expansion  of  steam  iu  a  cylinder 
does  not  take  place  exactly  in  accordance  with  Boyle's  law,  which  supposes 
the  gas  to  maintain  its  temperature  unchanged ;  but  that,  at  any  point  of 
the  expansion,  the  volume,  temperature,  and  pressure  are  those  of  steam  at 
its  maximum  density,  or  otherwise  of  saturated  steam ;  and  he  accordingly 
constructed  an  empirical  formula  to  define  the  relative  volume  of  steam  in 
terms  of  the  pressure  only,  the  results  of  which,  especially  for  the  higher 
pressures,  agree  in  a  remarkable  manner  with  those  obtained  by  later  in- 
vestigations, which  must  now  be  held  to  be  the  nearest  embodiment  of 
truth  that  may  be  expected  of  human  skill.  His  formula  reads  as  follows  : — 


M  = 


10-000 


1-421  +  0-3312  p 


(4) 


where  fx  again  represents  the  relative  volume,  and  p  the  pressure  in  lbs. 
per  square  inch.  Pambour's  suggestions,  however,  do  not  appear  to  have 
received  the  amount  of  consideration  which  they  deserved,  and  the  perfect 
gas  theory  remained  the  basis  of  all  calculations  on  the  phenomenon  of 
expansion  of  steam,  although  it  is  recorded  that  at  a  later  date  other  cir- 
cumstances had  strengthened  the  suspicion  that  the  results  of  this  theory 
showed  too  low  densities,  and  consequently  too  large  volumes,  at  a  ratio 
of  error  increasing  with  the  increase  of  pressure,  until  the  labours  of 
Mayer,  Joule,  and  others  placed  the  science  of  dynamics  into  a  new  phase 
of  its  history,  by  proving  experimentally  that  heat  and  mechanical  energy 
are  mutually  convertible,  or  otherwise ;  that  heat  requires  for  its  produc- 
tion, and  produces  by  its  disappearance,  a  certain  amount  of  mechanical 
work,  ascertained  by  Dr.  Joule  to  be  equal  to  772  foot-pounds  for  every 
British  unit  of  heat. 

It  is  then  that  Dr.  Rankine  conceived  the  idea  that  the  heat  which 
disappears,  in  the  shape  of  latent  heat,  during  the  conversion  of  water 
into  steam,  represents  so  much  mechanical  work  performed  upon  the 
change  of  molecular  arrangement  which  has  taken  place ;  and  from  this 
assumption  (to  us  very  natural  indeed  when  the  law  above  enunciated  is 
accepted  as  a  truth),  coupled  with  this  other  law,  that  the  total  heat  con- 
tained in  a  fluid,  its  pressure  and  its  volume,  are  three  quantities  of  which, 
when  two  are  known,  the  third  is  known  also,  he  has  constructed  his 
formula  expressing  the  relation  between  heat  and  mechanical  work,  as 
represented  by  the  changes  of  volume  and  pressure  during  a  given  change 
in  the  quantity  of  heat  contained  in  a  gas,  which  formula,  when  applied 
to  the  determination  of  the  density  of  steam,  reads  as  follows: — 


V  =  o  + 


J7i 


(5) 


where  V  is  the  volume  of  lib.  (in  weight)  of  steam,  v  the  volume  of  lib. 
of  water  at  the  same  temperature,  J  Joule's  mechanical  equivalent  of  a 
unit  of  heat  (i.e.  772  foot-pounds),  h  the  latent  heat  of  evaporation  in 

British  units,  and   t- —  the  mechanical  equivalent  of  so  much  water  as 
d  r 

fills  one  cubic  foot  more  in  the  vaporous  than  in  the  liquid  state.     In 

order  to  find  by  means  of  this  formula  the  relative  volume  of  steam  at 

various  temperatures,  it  is  necessary,  therefore,  to  have  the  numerical 

d  P 

values  of  h  and  of  the  quantity  t  - — ,  the  best  known  values  for  which  are 

(X    T 

those  deduced  from  the  experiments  of  Regnault,  on  the  specific  heat  of 
water,  the  total  heat  of  steam,  and  the  relation  of  temperature  and 
pressure;  which  latter  were  instituted  to  correct  the  formula  of  Arago 
and  Dulong,  slightly  deficient  for  very  high  temperatures  and  pressures. 
When  these  are  introduced  into  the  above  formula,  it  assumes  the  fol- 
lowing shape : — 


M  =  62-425 


/»  + 


772  h 


2-306  P 


V  46 


B 


2c 


461-2  +  T        (461-2  +  T)2 


)) 


(6) 


where  /j.  stands  again  for  the  relative  volume ;  P  for  pounds  pressure  per 
square  foot ;  T  for  temperature  in  degrees  Fahrenheit ;  h  the  latent  heat 


of  evaporation  at  the  given  temperature  which  will  be  found  in  the  table- 
on  next  page,  and  B  and  C  are  two  constants,  the  values  of  which  are : — 

lo<r.  B  =  3-43642,  log.  C  =  5-59873. 

It  would  undoubtedly  be  matter  for  satisfaction  to  our  readers,  were  we 
to  detail  before  them  the  considerations  which  have,  step  by  step,  led  Dr- 
Rankine  to  the  relation  expressed  by  formula  (5),  and  it  would  no  doubt 
incline  them  to  receive  the  results  obtained  by  the  same  with  a  greater 
amount  of  faith  than  the  mere  statement  of  a  fact  can  command ;  but  as 
that  formula  is  an  absolute  embodiment  of  the  laws  of  thermo-dynamics, 
such  an  attempt  would  necessitate  a  complete  exposition  of  those  laws,, 
an  exposition  which  it  would  here  be  impossible  to  enter  upon,  owing  to 
the  magnitude  of  the  subject,  but  for  the  study  of  which  we  refer  the 
reader  to  Dr.  Rankine's  treatise  "  On  Prime  Movers,"  where  it  is  dealt 
with  in  such  manner  as  to  enable  every  earnest  student  possessed  of  a 
moderate  amount  of  mathematical  knowledge  to  become  familiar  with  the 
same. 

It  is  very  natural  in  man — and  we  feel  inclined  to  say  also  quite  com- 
petent— to  look  with  an  indifferent  eye  upon  the  deductions  of  any  new 
theory  not  yet  verified  by  direct  experiment  or  by  the  practice  of  a  majority; 
and  such  has  been  the  case  in  the  instance  under  consideration.  Dr. 
Rankine's  first  tables  were  published  in  1855,  but  until  now  they  have 
not  been  received  by  the  engineering  world  generally  as  representing  a 
nearer  embodiment  of  truth  than  the  old  ones ;  and  volumes  even  have 
been  written  by  careless  observers,  and  still  more  careless  students,  to  prove 
that  the  dynamical  theory  of  heat,  and  the  deductions  drawn  therefrom,, 
are  utter  fallacies. 

Meanwhile,  however,  Dr.  Pairbairn,  conjointly  with  Mr.  Tate,  undertook 
a  series  of  experiments,  the  object  of  which  was  to  measure  directly  the 
specific  volume  of  saturated  steam ;  and  in  order  to  satisfy  the  minds  of 
our  readers  that  those  experiments  were  conducted  with  every  possible 
care,  and  with  such  unmixed  desire  to  ascertain  the  true  state  of  facts  as 
entitle  the  results  arrived  at  to  our  entire  confidence,  we  give  below  a 
short  account  of  the  mode  of  conducting  them,  together  with  a  sketch  of 
the  apparatus  which  was  used. 

The  method  followed  consisted  in  vaporising  a  known  weight  of  water 
in  a  large  glass  globe  with  a  stem,  of  given  capacity  and  devoid  of  air,, 
and  observing  the  exact  temperature  at  which  the  whole  of  the  water 
was  just  vaporised ;  then,  knowing  the  weight,  volume,  and  temperature 
of  the  steam,  its  density  was  easily  calculated.  The  difficulty  hitherto 
had  been  to  ascertain  with  sufficient  accuracy  the  temperature  at  that 
point  when  the  whole  of  the  water  was  vaporised,  and  when  the  steam 
was  still  at  its  maximum  temperature  of  saturation;  but  in  these  experi- 
ments it  has  been  overcome  with  great  ingenuity  by  the  use  of  what  has 
been  termed  a  saturation  gauge,  which  may  be  illustrated  as  follows  : — 

In  the  adjoining  cut  (Fig.  1),  suppose  A  and  B  to  be  two  globes  devoid 
of  air,  connected  by  means  of  a  bent  tube  containing  mercury,  and 
immersed  in  a  liquid  hath  to  ensure  uniformity  of  temperature ;  let  A 
contain  a  certain  quantity  of  water,  and  B  double  that  quantity ;  and  let 
heat  be  applied  to  the  liquid  bath  until  the  water  gradually  passes  into 
steam.     The  elastic  force  of  the  steam  in  each  globe  will  increase  with  the 


FIG  Jr. 


temperature  without  in  the  least  affecting  the  uniformity  of  level  of  the 
mercury  columns  a  and  b,  until  the  whole  of  the  water  in  the  globe  A  has 
been  vaporised ;  but  when  this  has  taken  place,  the  pressure  in  the  globe 
B  will  increase  in  the  ratio  of  saturated  steam,  whilst  that  in  the  globe  A 
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increases  only  in  the  much  smaller  ratio  of  superheated  steam,  and  the 
mercury  column  a  will  rise,  whilst  h  will  fall.  The  instant  at  which 
the  difference  of  level  begins  to  take  place,  is  the  point  at  which 
the  whole  of  the  water  in  A  is  converted  into  steam,  and  the  temperature 
then  noted  is  the  maximum  temperature  of  saturation.  The  density  or 
relative  volume  of  steam  may  now  be  easily  found  as  follows  : — Let  to  be 
the  weight  of  the  water  vaporised  in  the  globe  A  ;  \V  the  weight  of  the 
water  (at  its  temperature  of  maximum  density)  which  would  occupy  the 
same  space  in  the  globe  A  as  the  steam  of  weight  w ;  let  fi  be  the  specific 
volume  of  that  steam,  then — 

W 

|  'In  the  adjoining  wood  cuts,  Fig.  2  is  an  elevation,  and  Fig.  3  a  section 
of  the  apparatus  used  for  pressures  above  that  of  the  atmosphere.  A  is 
the  glass  globe,  about  5|in.  diameter,  for  the  reception  of  the  weighed 
portion  of  water  drawn  out  into  a  stem  about  32in.  long  and^in.  diameter; 
B  is  the  copper  boiler  forming  the  steam  bath  in  which  the  globe  was 
heated  uniformly ;  the  copper  boiler  is  prolonged  by  a  strong  glass  tube  o, 
l^in.  diameter,  hermetically  sealed  at  the  bottom  and  securely  fixed  to 
the  boiler  by  means  of  the  stuffing  box,  *;  this  outer  tube  was  steeped  in 
an  oil  bath  C,  made  of  blown  glass,  20in.  long,  resting  in  a  sand  bath  I, 
which  was  supported  on  a  tripod  m  m.  The  copper  boiler  was  heated  by  a 
spiral  coil  of  jets  of  gas  e  e,  and  the  oil  bath  by  means  of  a  large  wire 
gauze  lamp  h,  protected  from  draughts  by  a  ring  of  sheet-iron  k  ;  and 
the  temperature  thus  obtained  and  distributed  uniformly  through  the 
glass  tube  and  steam  bath  was  measured  by  a  thermometer  placed  in  each  ; 
a  stop  cock  2>  was  provided,  through  which  the  steam  could  be  blown  oil', 
and  on  the  top  of  the  boiler  was  placed  a  Scbaeffer's  gauge  for  roughly 
indicating  the  pressure.  The  two  mercury  columns,  the  outer  in  the  tube 
o,  and  the  inner  in  the  globe  stem  i,  separating  the  water  in  the  steam 
bath  from  that  in  the  globe,  form  the  saturation  gauge. 


IlC.Z. 


\  -,,',..  ■,!'  ftli  ,  ,  tries  were  made  upon  the  globe  item  '■,  denote  various 
■  a'  tli.'  globe  and  item,  and  tl"-  c  ilumn  Levels  were  read  of! 
hundretb  of  an  inch  by  meani  <>i  ■>  i  -1  :i   imaD 

teleacope  with  sight  wires  sliding  npou  an  iron  stem  divided  into  inchi 
.,  the  sliding  blocl  carryin  ime  time,  a  vernier. 

[n  order  to  make  sure  thai  the  water  introduced  Into  the 

converted  inf  i  steam,  II  was  at  le  I  -i 1 1 . 1  thru 

allowed  to  cool  until  ih.  maximum  tempei  ituration  wae  reached, 

i  precautionary  measure  rendered  necessary  by  the  fad  thai  ■  vapour  near 
the    point    of    liquefaction    bai    the    power    of  nded, 

in  it  a  portion  of  the  liquid  in  the  shape  of  mitt  ;  and  tb  it  the  attraction 
between  water  and  glass  is  such  as  to  cause  the  latter  to  r.-t .tin  in  contact 
with  it  a  film  of  water,  at  a  temperature  at  which  it  would  be  vaporised 
but  for  this  power  of  attraction! 

The  results  of  the  experimenti  thus  conducted, and  la  which  Regnault's 
tables  weie  used  for  the  exact  determination  of  the  pr—prw.  Invariably 


showed  greater  densities  and  smaller  volumes  than  are  obtained  by  the 
combination  of  the  laws  of  Boyle  and  of  Gay-Lussac ;  but  we  do  not  re- 
produce the  empirical  formula  constructed  by  Messrs.  Fairbairn  and  Tate, 
for  the  tabulation  of  their  results,  because  it  can  be  made  use  of  only  in 
conjunction  with  a  summary  of  the  observations  that  had  to  be  taken 
during  each  individual  experiment,  which  our  space  will  not  permit  to 
detail  here.  In  order,  however,  to  enable  the  reader  "to  compare  the 
results  of  the  various  theories  and  experiments  to  which  we  have  briefly 
alluded,  and  in  order,  at  the  same  time,  to  supply  the  practical  want  of  a 
correct  series  of  relative  volumes  of  steam,  at  various  temperatures  and 
pressures,  we  have  embodied  an  abstract  of  these  results  in  the  accom- 
panying table.  After  a  careful  comparison  of  the  results  contained  there- 
in, it  must  be  conceded  that  Dr.  Fairbairn's  experiments,  so  far  as  they 
have  been  carried,  verify  the  conclusions  arrived  at  by  Dr.  Rankine  through 
the  thermo-dynaraic  theory  ;  and  the  slight  differences  of  volume  shown  in 
the  two  columns  under  consideration  must  be  accounted  for  by  the  difficulty 
of  manipulation  in  experiments  of  so  delicate  a  nature,  and  may,  perhaps, 
be  looked  for  as  much  in  Regnault's  experiments  on  the  total  and  sensible 
heat  of  steam,  as  in  Fairbairn's  direct  measurement  of  the  relative  volume 
of  steam.  It  is  to  be  hoped  that  this  latter  series  of  experiments  will 
soon  be  extended  to  the  higher  pressures,  as  was  originally  intended. 

Table  of  relative  Volumes  with  Temperatures,  Pressures,  axd 
Latext  Heat  of  Evaporation. 


Pressures 

Temperatures. 

Relative  Volumes  as  given  by 

Latent 
Heat  of 
Evapora- 
tion. 

in  lbs. 
per  sq.  in. 

Fahren- 
heit. 

Centi- 
grade. 

Perfect 

Gas 
Theory. 

Pambour. 

Rankine. 

Fairbairn. 

lb. 
1016 

1226 

1470 

Dog. 

191 

203 

212 

90 

95 

100 

2387 
2005 
1696 

23259 
1951-4 
16455 

2320 
1950 
1635 

Units. 
97S-3 

972-0 

965-7 

1669 

1753 

221 

105 

1467 

1403 

13946 

1380 

9593 

20-80 

230 

110 

1210 

1211 

11879 

1170 

952-9 

24-54 

239 

115 

1079 

1017 

10163 

095 

946-5 

28-83 

248 

120 

9372 

911 

8739 

855 

9401 

3371 

2c7 

125 

817-2 

791 

754-7 

736 

935-6 

3925 

266 

130 

710-8 

692 

6542 

010 

927-2 

45-49 

275 

182 

619 

606 

5696 

560 

920-8 

52-52 

284 

140 

643 

531 

5017 

485 

914-4 

cu-lo 

293 

115 

174-8 

466 

4365 

428 

907-8 

6921 

302 

150 

lit) 

410 

384-1 

378 

901-2 

7903 

311 

1  .")."> 

392 

362 

3391 

332 

894-9 

sil-sfi 

320 

160 

328 

320 

3006 

888-5 

101"B0 

889 

186 

295 

284 

2672 

881-8 

116*10 

338 

170 

286'8 

252 

2381 

875-2 

129-80 

847 

17". 

288*9 

226 

2129 

siis-7 

1 15-80 

866 

180 

211-8 

201 

190-8 

862  a 

188-80 
188-40 
808*8 

225-9 

886 

m 

.'|s.i 

186 

l'.ni 

194*8 

17'-. 

180 

1715 
154-6 

848-8 

198 

169*9 

1402 

B 1 1 

1264 

On  the*  other  hand,  Itcannol  escape  the  reader's  eye  bow  closely  the 
volumes  obtained  by  Pambour1!  formula  keep  to  those  given  by  Rankine; 

and,  when  we  remember  thai   tl •rperimenta  upon  which  this  formula 

ssed  ware  made  26  yean  nir",  probablj  with  comparatively-  imperfeol 
means  of  observation,  we  canaol  but  pay  s  passing  tribute  of  respect  t" 
tba  penetrating  mind  from  which  il  bas  prt  I  has  it  been  almost 

totally  Ignored,  and  as* tally  so  In  France. 

As  for  the  importance  of  the  subject,  that  cannot  fail  to  force  i t  -<  It 
upon  the  readers  mind  when,  upon  comparing  Rankine'a  volumes  with 
commonly  in  >^<\  it  Is  found  that  the  difference,  which  amounts  t" 
the  whole  volume  :>•  the  temperature  of  812  ,  i.'"ch  steadily  increas- 
ing until  il   reaches  the  almost   Incredible  amount  of  ,',th  of  the   whole 
volume  at  the  tempera!  a f  100  . 

(  To  '"•  cu»/iiit"i'\) 
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NEWCASTLE  AND   GATESHEAD    WATER   SUPPLY. 
By  D.  D.  Main. 

Newcastle  has  had  its  supply  of  water  from  various  sources.  Up  to  the 
year  1693  the  inhabitants  appear  to  have  been  chiefly  supplied  from  wells 
and  public  fountains,  communicating  by  means  of  conduits  with  the 
springs  in  the  neighbourhoods  Leland,  the  antiquarian,  who  visited  the 
town  in  1538,  mentions  three  of  these  conduits  for  conveying  fresh  water 
to  the  fountains. 

In  1647,  it  was  discovered  that  the  water  which  supplied  one  of  the 
fountains  was  "  hurtfull  and  dangerous  to  be  used  for  food  and  dressinge 
of  meat,"  and  was  ordered  by  the  Common  Council  to  be  cut  off.  Then 
the  sinking  of  collieries  drained  several  of  the  springs,  and  in  1671  the 
scarcity  was  so  great  that  an  order  of  Common  Council  was  issued  for 
stopping  the  supply  to  all  private  taps.  In  1693,  one  Cuthbert  Dykes 
erected  an  engine  and  works,  at  a  cost  of  £3500,  for  supplying  the  town 
from  the  River  Tyne  at  Sandgate.  But  although  these  works  continued 
in  operation  many  years,  the  water  obtained  there  was  never  acceptable  to 
the  inhabitants,  who,  in  derision  of  the  project,  bestowed  upon  it  the 
name  of  the  "  Folly."  In  1697,  a  scheme  of  a  much  more  comprehensive 
and  satisfactory  character  was  suggested  by  William  Yarnold,  an  enter- 
prising attorney  from  New  Woodstock,  in  Oxfordshire,  who  came  before 
the  Mayor  and  made  a  proposal  for  supplying  the  town  with  good  and 
wholesome  water,  which  he  proposed  to  convey  from  springs  at  a  distance. 
The  Corporation  readily  granted  him  a  lease  for  300  years  of  all  the 
waste  ground  without  the  walls,  but  within  the  liberties  of  the  town, 
empowered  him  to  erect  cisterns  for  holding  the  water,  which  were  to  be 
set  on  columns,  and  to  construct  any  mill,  waterhouse,  wheel,  or  engine 
for  forcing  the  water  into  the  cisterns ;  to  break  up  the  pavement  of  the 
streets,  and  lay  down  pipes  of  lead  or  timber  for  the  supply  of  water  to 
the  inhabitants.  For  this  privilege  Yarncld  was  to  pay  the  Corporation 
13s.  Ad.  per  annum,  convey  good  and  wholesome  water  to  all  parts  of  the 
town  where  required,  and  allow  the  Mayor  and  Burgesses  to  cut  and  break 
his  pipes  to  obtain  water  in  case  of  fire  ;  he  was  not  to  dig  trenches  in  the 
streets  to  catch  the  water  of  the  "  River  of  Tyne,"  nor  any  of  the  springs 
or  streams  of  the  Town  Moor  and  Castle  Leazes,  or  that  supplied  the  water- 
house  of  Cuthbert  Dykes  in  Sandgate,  or  any  other  public  pants,  or 
fountains,  of  the  town. 

The  site  selected  by  Yarnold  was  about  three  miles  north  of  Newcastle, 
adjoining  what  is  still  called  the  "  Waterworks  Farm,"  and  it  was 
necessary  that  he  should  have  parliamentary  power  to  enable  him  to  enter 
upon  the  land  between  that  place  and  Newcastle.  He  accordingly  applied 
for  and  obtained  an  act  in  the  tenth  year  of  King  William  the  Third 
(1698-9)  for  that  purpose.  The  supply  was  obtained  from  a  spring  ot 
remarkably  fine  water,  and  conveyed  to  the  town  by  means  of  elmwood 
pipes.  But  it  was  soon  found  that  the  spring,  though  abundant  in  winter, 
yielded  but  a  scanty  supply  in  summer,  and  Yarnold,  after  contending 
with  the  difficulties  of  leakage  and  air  locks,  was  at  length  obliged,  in  aid 
of  the  supply  froin  his  own  works,  to  rent  the  Folly  Works  of  Cuthbert 
Dykes  at  £40  a  year.  But  the  enterprise  of  Yarnold  was  not  successful, 
and  he  ultimately  disposed  of  it  and  left  the  town.  In  1739  occurred  a 
severe  frost,  which  lasted  many  weeks,  and  entirely  stopped  the  supply 
from  Yarnold's  works,  and  so  damaged  the  pipes  and  cisterns  that  it  was  a 
considerable  time  before  they  could  be  again  brought  into  working  order. 
The  "  Folly "  works  suffered  even  more  severely,  and  the  proprietors, 
rather  than  repair  it,  abandoned  the  concern  in  disgust.  After  this  period 
the  proprietors  of  the  waterworks  obtained  a  lease  of  some  valuable 
springs  near  Heworth,  which  added  considerably  to  the  supply,  and  in 
1805  still  further  improved  it  by  sinking  a  shaft  on  the  Town  Moor,  and 
erecting  a  windmill  to  raise  the  water. 

From  these  various  sources  the  town  continued  to  be  supplied  until  the 
year  1831.  The  service  was  limited  to  three  days  per  week,  and  the  total 
quantity  required  was  between  70,000  and  80,000  gallons  per  day  for  a  popu- 
lation of  54,991  in  Newcastle,  and  15,860  in  Gateshead,  being  about  a  gallon 
per  head.     But  even  that  small  quantity  could  not  always  be  obtained. 

The  summer  and  autumn  of  1831  had  been  remarkably  dry,  and  had 
been  succeeded  by  a  mild,  open  winter,  during  which  the  Asiatic  cholera 
for  the  first  time  made  its  appearance,  and  the  Water  Company's  reservoirs 
were  completely  exhausted.  In  this  emergency  the  company  erected  an 
engine,  and  pumped  water  from  the  River  Tyne,  conveying  it  in  carts  to 
their  tenants.     About  120  carts  were  employed  in  this  way  for  six  weeks. 

In  1834,  a  new  company  obtained  an  Act  of  Parliament  for  supplying 
the  town  entirely  from  the  River  Tyne.  They  erected  a  powerful  pump- 
ing engine,  and  laid  down  filter  beds  at  Elswick,  and,  after  purchasing  the 
old  works,  continued  to  supply  the  town  chiefly  with  Tyne  water  until  the 
year  1845.  By  this  latter  company  the  consumption  of  water  was  greatly 
extended,  and  in  1815  had  reached  700,000  gallons  per  day  for  a  popula- 
tion of  about  100,000,  being  about  7  gallons  per  head. 
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In  1845,  the  present  company  was  established,  and  having  in  their  turn 
purchased  the  existing  works,  continued  to  supply  from  them  until  their 
own  were  completed  in  October,  1848. 

The  works  of  the  present  company  were  designed  to  supersede  the 
necessity  of  taking  water  from  the  River  Tyne  for  the  domestic  use  of  the 
inhabitants.  With  this  object,  large  reservoirs  were  formed  near  Harlow 
Hill,  about  12  miles  north-west  of  Newcastle,  in  which  the  water  of  the 
Whittle  Burn  was  to  be  impounded.  The  drainage  area  was  about  -43-40 
acres,  the  capacity  of  the  reservoirs  215,000,000  gallons,  and  the  pipe  to 
convey  the  water  to  Newcastle  was  2ft.  in  diameter,  and  capable  of  con- 
veying from  IV  to  5  million  gallons  per  day.  The  amount  of  rainfall  in 
the  district  was  ascertained  to  be  21in.  per  annum,  and  it  was  assumed 
that,  as  in  a  district  of  ordinary  character,  one-third  of  the  rainfall  finds 
its  way  into  the  rivers  ;  in  a  peculiar  locality  like  Whittle  Dean,  where  the 
declivities  were  rapid,  the  ground  impervious,  and  vegetation  scanty,  the 
proportion  of  water  which  would  be  carried  oft*  by  the  natural  channels  of 
the  country  could  not  be  taken  at  less  than  one-half. 

Twelve  inches  of  rain  from  an  area  of  4310  acres  would  have  produced 
3j  million  gallons  per  day  ;  and  as  the  consumption  was  then  cnly  700,000 
gallons  per  day,  and  the  reservoirs  were  laid  out  to  contain  ten  months'  supply, 
it  appeared  to  the  promoters  that  the  works  were  of  sufficient  magnitude 
for  many  years  to  come,  and  that  ample  provision  had  been  made  against 
the  longest  drought  ever  likely  to  happen.  The  works  were  finished  and 
brought  into  operation  in  October,  1818,  and  were  found  safticient  until 
the  year  1850.  The  consumption  had,  in  the  mean  time,  increased  to  \\ 
million  gallons  per  day,  and  the  number  of  persons  supplied  with  water 
from  10,275  in  1845  to  62,740  at  the  end  of  1849.  The  reservoirs  could 
then,  of  course,  hold  only  a  supply  for  five  mouths. 

In  the  middle  of  February,  1850,  a  drought  commenced  which  lasted 
till  the  end  of  October,  during  whicli  the  reservoir  went  continually  down, 
and  the  company  were  obliged,  before  the  end  of  the  summer,  to  have  re- 
course to  the  old  works,  and  pump  down  from  the  Tyne  in  aid  of  the 
supply  from  the  reservoirs.  It  was  found  that  instead  cf  the  rain  fall 
being  2  I'm.,  that  year  it  was  only  17-C8in.,  and  instead  of  the  available 
quantity  being  12in.,  the  water  actually  impounded  only  amounted  to 
6iin.  But  it  was  also  discovered  that  the  rain  available  for  water  works 
falls  almost  entirely  in  the  winter  months,  and  that  to  take  full  advantage 
of  the  collecting  ground  the  reservoirs  should  be  of  such  magnitude  as  to 
impound  all  that  falls,  it  being  unsafe  to  depend  on  summer  rains,  which, 
unless  they  are  heavy  and  continued,  are  quickly  absorbed  by  the  land. 
After  very  dry  weather,  it  is  not  unusual  for  rain  to  (all  to  the  depth  of 
an  inch,  and  none  find  its  way  to  the  reservoirs.  If  the  reservoirs  are  not 
filled  between  November  and  February  there  is  not  much  certainty  after-  j 
ward.  But  in  a  district  like  this,  where  the  rainfall  is  so  limited,  and 
droughts  extending  to  six  and  eight  months  are  of  frequent  occurrence, 
even  great  reservoir  storage  is  not  altogether  to  be  relied  upon.  In  the 
experience  of  the  Company  there  have  been  seasons  in  whicli  the  reser- 
voiis  have  not  been  filled  in  the  winter — one  in  particular  deserves  to  be 
mentioned,  that  of  1S57.  From  the  1st  of  December,  1K.",7,  to  1st  -May, 
1858,  only  3-08  inches  of  rain  fell,  and  the  reservoirs  being  pretty  well  run 
down  at  the  end  of  the  summer  and  not  filled  in  the  succeeding  winter,  the 
Company  had  to  meet  the  spring  and  summer  of  lbjM  with  an  almost 
empty  exchequer. 

The  river  Tyne  has  necessarily  been  the  great  resource  in  such  seasons 
of  drought.  The  present  Company,  although  their  works  were  constructed 
with  a  view  to  be  independent  of  obtaining  any  portion  of  the  supply 
from  the  Tyne,  have  preserved  the  power  of  resorting  to  it  in  case  ol 
necessity,  a  clause  being  inserted  in  their  Acts  of  Parliament  to  enable 
them  to  do  bo  with  the  concurrence  of  the  Town  Council,  Bnl  tbe  pre- 
judice against  the  use  of  Tyne  water  is  verj  great,  nor  is  it  difficult  to 
account  for  it.  It  has  either  been  resorted  to  in  eases  of  great  emergency, 
when  little  care  could  be  taken  to  render  it  pure,  or  it  has  been  taken  at 
an  objectionable  place  within  the  tidal  influence.     In  1881,  when  cholera 

was  raging  in  the  town,  the  Tyne  water  was  lifted  in! 
any  attempt  at  lilt  ration,  conveyed   to  the  inhabitant-.      In   L860,  an-: 
in  lS5:i,    when    cholera    was    wire    more    ainong-t    us,    it    was   pump 
Klswick,  beyond  winch  the  tide  flows  lour  or  five  miles, 

The  Tyne  water  is  the  softest  in  tint  district,  and  the  chief  objection  to 
it  arises  from  the  stain  of  peat  which  it  contrasts'  from  tin-  moors  iii  timi  - 

of  heavy  rains.  Whether  this  stain  could  bfl  cll'cetually  removed  by  liltra- 
tion,  or  by  storing  the  water  in  large  MserTOirS,  when-  it  would  bleach  by 
exposure,  has  not  been  ascertained. 

The  present  Company,  several  years  ago,  removed  their  pumping 
on  the  Tyne,  Newborn,  beyond  the  Bon   of  the  tide) j  hut  they  have,  also 
gone  to  great  expen-e  to  supply  the  town  independently  of  Tyne  water. 

The  original  capital  of  £200,000 bei  been  more  than  doubled,  the  reservoir 
storage  has  been  increased  from  216  to  580  million  gallons,  and  flic  drain- 
age area  from  IMC  to  17,:>ih>  acres,  ami  in  tin'  last  Session  power  was  ob- 
tained to  construct  a  large  impounding  reservoir,  which  will  contain  500 
or  600  millions  more,  ganging!  having  been  previously  taken,  which  show 


that  in  ordinary  years  a  much  larger  quantity  even  than  that  can  be  ob- 
tained from  the  Company's  present  streams,  if  sufficient  reservoir  storage 
were  provided.  But  it  has  been  found  in  this  town,  as  in  others,  that  a 
great  quantity  of  water  is  needlessly  wasted,  and,  in  order  to  prevent  a 
state  of  things  which,  while  it  brings  no  benefit  to  the  public,  inflicts 
grievous  loss  on  the  Company,  very  stringent  powers  for  preventing  waste, 
and  regulating  tenants'  fittings,  have  been  obtained  by  their  recent  Act. 

In  some  towns  the  consumption  has,  by  the  adoption  of  such  measures, 
been  reduced  as  low  as  15  gallons  per  head. 

If  this  Company  could  limit  the  supply  to  even  20  gallons  per  head,  or 
about  100  gallons  per  house  per  day,  which  is  certainly  ample  for  all  legi- 
timate consumption,  the  quantity  of  water  at  present  brought  to  the  town 
would  be  sufficient  for  250,000  people,  and  the  present  works  would  require 
no  addition  for  many  years  to  come. 

When  the  Company  commenced  operations  in  1845,  the  quantity  con- 
sumed was  700,000  gallons  per  day,  and  the  system  of  supply  intermittent 
and  irregular;  but  in  their  first  Act  of  Parliament  they  voluntarily  bound 
themselves  to  give  constant  service  and  unlimited  supply.  At  that  time 
the  lowest  rate  for  water  was  10*.  per  annum,  a  scale  of  charge  which  pro- 
hibited the  poor  from  having  it  in  their  houses  at  all ;  and  the  custom  wis 
to  carry  it  from  the  street  pants,  or  fountains,  where  it  was  retailed  at  a 
farthing  per  skeel  of  3  gallons.  By  the  present  Company  these  pants  were 
gradually  abolished,  the  charge  to  a  poor  person,  occupying  a  single  room, 
was  fixed  at  5*.  per  annum  ;  and  where  houses  were  let  in  several  tenements, 
which  is  the  case  to  a  very  great  extent  in  this  town,  and  the  tenants 
could  be  supplied  at  one  common  tap,  the  Company  was  at  the  entire  ex- 
pense of  the  exterior  and  interior  pipes  and  fittings.  By  these  measures 
the  supply  became  greatly  extended,  and  the  Company  may  now  be  said  to 
supply  the  whole  population  where  their  pipes  are  laid. 

The  united  population  of  Newcastle  and  Gateshead,  and  of  the  adjacent 
villages,  supplied  by  the  Company,  is  about  165,000,  and  the  gross  daily 
supply  is  about  4,700,000  gallons. 

The  total  daily  consumption  is,  therefore,  about  28  gallons  per  head, 
one-fourth  of  which  is  consumed  by  railways  and  manufactories,  and  for 
trade  purposes  generally,  leaving  21  gallons  per  head  for  domestic  con- 
sumption. 

In  1854  the  water  of  the  different  streams  diverted  into  the  Company's 
reservoirs,  and  used  for  the  supply  of  the  town,  was  tested  for  hardness 
by  Dr.  Smith,  of  Manchester,  with  the  following  results  : — Whittle  Burn, 
11*7  degrees;  River  Pont,  15-7  ;  ditto  in  flood,  4/6  j  Fair  Spring,  17'0  ; 
Moot  Law  Burn,  162 ;  Hallowell  Spring,  18-0  ;  Hallington  East  Burn, 
115;  Hallington  North  Burn,  15*5;  Small  Burn,  12*5;  River  Tyne  at 
Newburn,  8-7  ;  in  the  reservoirs,  13'2  ;  in  Newcastle,  12-D  degrees. 

Dr.  Smith  says,  "  These  waters  are  all  remarkably  clear  and  free  from 
any  impurity,  with  the  exception  of  the  lime  and  magnesia  constituting 
hardness." 

The  water  has  also  been  analysed  by  different  analytical  chemists,  and 
found  to  be  composed  of  the  following  ingredients  : — 

Hi-.  Smith,         i>r.  Lethoby, 

March.  1864.       February.  1863, 

Carbonate  of  lime  and  magnesia 6'84  LS'01 

Sulphate  of  lime    fi-13  465 

Alkaline  chloride  4-28  1"63 

Oxide  of  iron  and  silica    "81  "83 

Organic  matter 2-3S  1-21 

Total    solid  contents    in    grains    per^    on-nn  21-88 

imperial  gallon j» 

Dr.  Letheby  says,  "  The  water  is  clear,  colourless,  and  sparkling,  of  good 
flavour.  Its  hardness  is  lather  great,  amounting  to  BO  degree-  of  Clark's 
scale;  and  of  these  <°>  were  permanent.  It  has  no  action  whatever  on  lead, 
ami  ezcepl  ing  that   it   is  rather  hitid,   it  is  a  good  water  for  domestic  u-<\" 

The  Tyne  water  has  , also  been  analysed,  and  shows  the  following  in- 
gredients :  — 

Dr.  f.itlictiv.      I >r.  Blohsrd.  Mr.  Psttlnson, 

l'.-i.ruiir>.  is.  ..  ion,  Mai,  1883.  January,  1863, 
Csrbonate  of  lime  and  magnesia     **09              8*Oi8  450 

.iphaie  of  lime 2-49  1-22  -82 

Alkaline  chloride L'St  *7  166 

Oxide  of  iron    and   silica 0*41  "60  *58 

Organic  matter    1*89  2-68  2-06 

Total  solid  contents  in  grains')     ,(i|.()  s  ,s  ,.. , 

pel  imperial  gallon  ^ 

(ii  the  Tyne  water  Dr.  Letheby  mys,  "  It   is  ■  remarkably  soft   water. 

with  a  slightly  brow-nidi  tint  from  humus  Of  peat,  It  contains  only  9*6 
grains  ,,f  solid  inattci  in  the  gallon,  ami  its  hardness:  i«  only  7  degrees  ol 
Clnrk's  Scale,  This  is  only  half  the  degree  of  hardness  of  the  London 
supply,  and  of  this   I  degrees  were  removed  by  boiling  for  a  quarter  of  an 

hour.  I  ascertained  thai  the  water  was  entirely  without  action  on  had. 
It  is  a  good  water  for  manufacturing  and  domestic  use." 
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Dr.  Richardson  says,  "  Our  examination  of  the  water  from  the  River 
Tyne  proves  that,  when  taken  from  such  a  locality  asNewburn,  it  is  perfectly 
suited  to  the  requirements  of  this  district." 

It  only  remains  to  mention  the  system  of  supply. 

The  Reservoirs  at  Whittle  Dean  are  360ft.  above  high  water  mark  of 
the  Tyne  at  Newcastle,  but,  on  account  of  the  friction  along  the  12  miles 
•of  main  pipe,  the  water  does  not  reach  by  gravitation  the  houses  in  the 
higher  parts  of  the  town. 

About  one-fifth  of  the  whole  supply  has  to  be  pumped  to  these  high 
districts,  and  for  that  purpose  the  company  have  a  50-horse  engine  at 
Benwell  Reservoir,  whence  the  water  is  forced  to  a  reservoir  at  Benwell 
Bank  top.  400ft.  above  high  water  mark,  which  commands  the  most 
elevated  houses  in  the  town  and  suburbs. 


THE    RAILWAYS    AND    LOCOMOTIVES    OF    THE    DISTRICTS 

ADJOINING   THE   RIVERS   TYNE,  WEAR,  AND   TEES. 

By  John  F.  Tone. 

The  Author  stated  in  his  Paper  that  the  early  tramroads  seldom  ex- 
ceeded two  or  three  miles  in  length.  They  were  in  use  about  260  years 
ago,  and  were  constructed  mostly  of  oak  and  beech  timber;  and  of  this 
last  extensive  woods  are  in  existence  in  the  upper  portions  of  the  county 
of  Northumberland,  planted  apparently  about  120  years  ago,  up  to  which 
period  the  demand  for  timber  for  these  tramroads  had  not  entirely  ceased. 

Wooden  tramroads  were  in  general  use  till  about  1780,  although  cast 
iron  rails  were  first  used  about  1770 ;  but  up  to  this  time  the  use  of  cast 
iron  rails  still  continues  in  some  of  the  older  private  railways.  These, 
however,  are  now  almost  always  replaced  with  wrought  iron  as  they  are 
worn  out,  and  may  soon  become  matters  of  history. 

The  conversion  of  the  wooden  tramroads  into  iron  ones  was  the  first 
great  step  in  the  improvement  of  railways  which  (after  the  introduction 
of  wrought  iron  rails,  in  1820)  assumed  their  present  shape,  so  far  as  the 
general  principles  of  construction  were  concerned. 

The  railway  system  has  been  carried  to  a  great  extent  in  these  districts; 
and  so  completely  has  the  country  been  intersected  with  railways,  public 
and  private,  that,  on  an  area  of  about  666  square  miles,  comprised  in  the 
northern  coal-field,  there  are  only  122  square  miles,  or  about  one-fifth  of 
the  whole,  at  a  greater  distance  than  one  mile,  and  only  221  square  miles, 
or  one-third  of  the  whole,  at  a  greater  distance  than  half  a  mile  from  a 
railway,  public  or  private. 

The  total  length  of  the  private  railways  in  the  entire  district  is  287 
miles,  and  of  the  public  railways  constructed  for  the  more  immediate 
service  of  the  district,  exclusive  of  main  lines,  387  miles — making  together 
674  miles. 

The  complete  reticulation  of  the  district,  by  means  of  these  railways, 
will  be  understood  from  the  circumstance  that  within  the  actual  limits  of 
the  coal-field  itself,  comprising  about  666  square  miles,  there  are  (includ- 
ing all  lines  general  and  local)  609  miles  of  railway,  being  nearly  1  mile 
of  railway  for  each  square  mile  of  surface  of  the  northern  coal-field,  in 
addition  to  the  1300  miles  of  underground  railway,  as  estimated  by 
Messrs.  Wood  and  Taylor. 

Previous  to  the  introduction  of  tramroads,  the  old  pack  horse  conveyed 
3  cwt.  at  3  miles  per  hour,  and  travelled  on  an  average  about  8  miles  with 
his  load. 

The  cost  of  this  mode  of  conveyance  was  about  l\d.  per  cwt.  per  mile, 
or  2s.  6d.  per  ton  per  mile. 

The  introduction  of  macadamised  roads  increased  the  horse  load  from 
3  cwt.  to  18  cwt.,  and  with  the  same  mileage  performed,  the  2*.  6d.  was 
reduced  to  8id.  per  ton  per  mile. 

On  the  early  wooden  tramroads  a  horse  averaged  a  load  of  2  tons, 
further  reducing  the  cost  of  haulage  to  3%d.  per  ton  per  mile. 

The  immediate  cost  of  actual  haulage  on  private  railways,  exclusive  of 
interest,  on  capital  and  waggons,  as  before,  in  cases  wherein  horses,  in- 
clines, and  fixed  engines  are  intermixed,  as  circumstances  require,  and 
with  quantities  varying  from  80,000  to  160,000  tons  per  annum,  is  found 
to  amount  to  about  'Id.  per  ton  per  mile. 

The  cost  by  leading  with  a  locomotive  engine,  costing  38*.  per  day,  and 
with  a  load  of  126  tons  net  on  the  ordinary  local  railways  of  the  North 
of  England,  and  in  gradients  reaching  up  to  1  in  100,  travelling  with  a 
load  about  35  miles  per  day,  exclusive  also  of  interest  of  engine  and  rail- 
way, and  of  waggons,  as  before,  amounts  to  about  -lid.  per  ton  per  mile. 

And  on  first-class  gradients,  and  under  most  favourable  circumstances, 
with  loads  of  350  tons,  a  mileage  of  60  payable  miles,  at  a  cost  of  48s. 
per  day,  this  haulage  may  possibly  be  reduced  to  -03d.  per  ton  per  mile ; 
but  this  can  but  rarely  be  maintained  in  actual  working. 

Taking  even  -1  of  a  penny  as  being  the  cost  of  the  mechanical  effect 
required  to  lead  a  ton  of  coals  on  a  railway  by  locomotives  we  have  re- 
duced the  cost  to  jJu  part  of  that  by  pack  horses,  and  to  /7  part  of  the 
cost  of  wooden  tramroads. 

In  order,  however,  more  fully  to  estimate  the  relative  commercial  value 


of  the  different  mode  of  haulage,  as  practised  in  these  northern  coal-fields, 
it  will  be  necessary  to  include  the  other  elements  of  expense,  such  as  in- 
terest of  capital,  maintenance,  and  the  cost  of  different  descriptions  of  rail- 
way required  in  each  case,  and  to  compare  the  entire  cost  of  the  locomotive 
system  with  that  of  the  fixed  engines  and  inclines,  as  practised  extensively 
in  these  districts. 

1st.  By  horses,  fixed  engines,  and  inclines,  intermixed  with  traffics, 
varying  from  80,000  to  160,000  tons  per  annum,  including  waggons, 
maintenance,  and  renewals  (and  with  interest  on  cost  of  line  at  £1500  pet- 
mile).  The  total  expense  of  leading  coals  is  found  to  amount  to  an  average 
of  1'ld.  per  ton  per  mile.  This  is  exclusive  of  cost  of  land,  or  of  the  way 
leaves  paid  in  lieu  thereof. 

2nd.  By  fixed  engines  and  inclines,  without  horse-power,  this  expense 
including,  as  before,  with  a  yearly  traffic  up  to  400,000  tons,  and  a  distance 
up  to  7  miles,  the  total  cost  amounts  to  -54rf.  per  ton  per  mile. 

The  particulars  of  this  mode  of  leading  are  as  follows,  viz. :— Engines, 
inclines,  and  maintenance  of  way,  in  all  -43d.  per  ton  per  mile;  interest 
on  cost  of  railways  and  plant,  5  per  cent  per  annum,  waggon  rates  and 
contingencies,  exclusive  of  land,  'lid.  per  ton  per  mile — making,  as  above, 
•54^.  per  ton  per  mile. 

By  locomotives,  and  on  railways  of  improved  construction,  including, 
as  before,  this  cost  with  loads  of  about  126  tons,  and  with  gradients  up  to 
1  in  100,  amounts,  on  an  average  of  railways,  to  -44eZ.  per  ton  per  mile ; 
viz.,  the  cost  of  maintaining  and  working  a  heavy  locomotive  engine, 
including  repair,  coke,  water,  stores,  wages,  &c,  amounts  in  one  year,  on 
an  average,  to  £600.  To  this  must  be  added  interest  on  capital,  viz.,  £2300 
at  5  per  cent.,  £115;  making  the  gross  cost  of  an  engine  per  annum  £715, 
or  say  £720  per  annum. 

But  to  maintain  three  engines  in  working  order  on  a  railway,  four  must 
be  kept ;  and  this  reduces  the  available  number  of  working  days  to  234 
throughout  the  year,  costing  61s.  for  every  day  an  engine  works  on  the 
line,  and  travelling  35  payable  miles  with  a  load  of  about  120  to  130  tons, 
gives  the  locomotive  power  in  conveyance  of  minerals,  at  the  rate  of  about 
12  to  13  miles  per  hour,  the  sum  of  'lid.  per  ton  per  mile. 

To  this  must  be  added  the  cost  of  waggons,  and  interest  thereon,  amount- 
ing to  '12od.  per  ton  per  mile ;  add  interest,  maintenance,  and  renewals 
of  way,  rates,  &c,  amounting  in  all  to  '222d.  per  ton  per  mile,  on  a  lead 
of  800,000  tons,  making  the  cost  of  leading  by  locomotive  power  with  full 
employment,  -517^.  per  ton  per  mile. 

Thus  it  will  be  seen  that  the  locomotive  system,  although  capable  of 
carrying  a  much  greater  mineral  traffic,  is  not,  on  the  whole,  more  econo- 
mical than  fixed  engines  and  inclines,  as  now  used  in  this  district,  unless 
in  large  traffic ;  indeed,  where  the  traffic  does  not  exceed  400,000  tons, 
and  unless  the  gradients  are  better  than  1  in  100,  the  fixed  engine  has 
the  advantage ;  with  gradients  of  1  in  70  the  two  systems  would  be  about 
on  a  par  as  regards  expense.  As  the  gradients  improve  or  deteriorate,  the 
locomotive  gains  or  loses  respectively,  and  at  a  million  tons  has  a  superiority. 

The  history  of  the  rise  and  progress  of  the  manufacture  of  locomotive 
engines  especially  connects  itself  with  Newcastle-on-Tyne.  The  large 
manufactories  of  Messrs.  Stephenson  and  Hawthorn  have  for  many  years 
been,  and  continue  to  be,  of  the  highest  repute. 

In  1825,  Messrs.  Stephenson  turned  out  the  first  locomotive  on  the 
Stockton  and  Darlington  Railway,  and,  in  1829,  completed  the  Rocket. 

It  is  a  remarkable  circumstance  that,  notwithstanding  the  lapse  of  34 
years,  during  which  the  manufacture  of  locomotives  has  increased  at  a 
rate  almost  without  precedent  in  similar  matters,  yet,  in  the  general  prin- 
ciples of  mechanical  construction,  the  present  most  improved  locomotive 
remains  very  closely  analogous  to  the  Rocket. 

The  leading  features  of  the  Rocket  were  as  follows  : — Cylinder,  diameter 
8in. ;  stroke,  14in.;  driving  wheels,  4ft.  8in. ;  trailing  wheels,  2ft.  10in.; 
heating  surface,  144  square  feet ;  weight  of  engine,  4;  tons ;  weight  of 
tender,  3i  tons;  horse-power,  40;  evaporating  power,  18-24  cubic  feet 
water  per  hour;  coke  per  cubic  foot  water  evaporated,  ll-71bs. ;  maximum 
speed,  29  miles  an  hour;  average  speed,  13S. 

In  the  largest  narrow  gauge  engines,  now  constructed,  the  heating  sur- 
face has  been  increased  from  144  to  1620  square  feet;  the  weight  of  an 
engine  from  4i  to  38  tons ;  the  horse-power  from  40  to  1300. 

Since  the  commencement  of  the  manufacture  of  locomotives,  about  2400 
have  been  turned  out  by  the  manufacturers  of  Newcastle,  and  upwards  of 
900  of  these  have  been  sent  abroad.  Taking  an  average  cost  of  £2000 
from  the  commencement  to  this  time,  the  gross  value  of  the  exported 
locomotives  from  Newcastle  amounts  to  £1,800,000 ;  adding  those  manu- 
factured for  use  in  Great  Britain  and  Ireland  at  £1500  would  give  a 
further  sum  of  £2,700,000  ;  making  the  gross  value  of  the  locomotives 
from  Newcastle  to  amount  in  all,  since  the  commencement  of  the  manufac- 
ture, to  £4,500,000.  Of  the  £4,500,000  nearly  one-half  is  represented  by 
material  purchased  by  the  manufacturers  in  various  stages  of  completion  ; 
thus,  work  to  the  value  of  upwards  of  £2,000,000  has  been  furnished,  by 
the  manufacturers  of  Nev.  castle,  to  the  other  branches  of  industry  con- 
nected with  their  trade. 
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EXTRACTS  FROM  PAPERS  READ  ON  RIFLE  ORDNANCE. 

Mr.  George  Richards  read  a  paper  on  this  subject,  which  was  illustrated  by 
diagrams,  representing  the  square-bored  rifle  gun  and  the  round  bored  rail  gun, 
of  which  the  paper  treated. 

Various  modifications  of  the  bores  were  shown,  such  as  substituting  portions 
of  circles  for  the  angles  or  comers  for  preventing  the  risk  of  initial  fracture,  &c. 
(a  quality  inherent  in  the  rirle  principle  generally).  He  adduced  the  authority  of 
many  eminent  experimentalists  as  to  the  force  exerted  by  the  gases  generated  by 
gunpowder  with  its  supposed  "  absolute  velocity  "  of  expansion,  and  to  the  fact 
of  its  pressure  in  all  directions  in  an  equal  degree  ;  and  that,  as  a  natural  conse- 
quence, the  greater  the  surface  presented  to  it  on  any  side  the  more  in  that  direc- 
tion would  be  felt  (or  obtained)  an  increased  momentum.  Hence  the  ncccs-ity 
of  presenting  a  greater  surface  to  the  propelling  gases  to  gain  more  velocity  for 
projectiles,  as  well  as  to  cause  less  bursting  strain  to  be  inflicted  upon  the  bore  of 
the  gun,  of  all  of  which  he  gave  illustrations  by  figures,  and  showed  important 
considerations  why  this  principle  should  be  followed  out  in  the  construction  of 
guns. 

He  stated  that  the  purpose  of  the  square  bored  gun  was  to  give  greater  inital 
velocity  to  the  projectiles  than  was  attainable  by  any  plan  yet  proposed,  inasmuch 
as  the  area  of  the  square  bore  was  at  least  twenty  per  cent,  more  than  that  of 
the  circular  bore  containing  a  shot  of  the  same  diameter,  thereby  exposing  (bj* 
using  a  wad  or  sabot)  a  greater  surface  to  the  impact  of  the  ignited  powder. 

The  invention  embraced  two  principles: — In  the  first  place,  the  square-bore 
gun  gave  at  least  twent3T  per  cent,  more  initial  velocity  than  the  round  bore  of 
the  same  diameter  ;  and  secondly,  the  method  of  obtaining  increased  velocity  to 
any  extent  was  by  means  of  projections  or  rails  on  the  interior  of  the  surface  of 
the  round-bore  gun,  on  which  the  projectile  runs  or  slides,  there  being  in  them 
the  necessary  amount  of  twist  to  give  the  shot  the  rifle  motion. 

In  both  cases  the  sabots  would  he  used  to  act  as  air-tight  pistons,  but  might 
he  dispensed  with  by  using  wedge-like  shoulders  on  the  periphery  of  the  shut  to 
fill  up  the  angular  spaces  of  the  bore,  and  also  to  give  the  projectile  the  piston* 
like  qualities  sought  to  lie  obtained.  This  principle  of  presenting  an  increased 
surface  to  the  propelling  force  of  the  gas,  was  considered  to  admit  of  an  extra 
power,  in  aid  of  velocity,  of  about  15  tons  for  every  additional  square  iuch  so 
obtained.  Those  forms  of  bore  would  admit  of  shot  whose  transverse  section, 
might  be  square,  hexagonal,  octagonal,  cylindrical,  spherical,  or  other  polygonal, 
Derncal  forma  of  areas. 

In  addition,  Mr.  Richards  showed  a  method  of  loading  heavy  ordnance  (ap- 
plicable to  sea  service)  by  means  of  a  loading  rod.  The  method  of  loading  the 
gun  was  by  means  of  the  rod  passing  through  a  perforation  in  the  breech  of  the 
gun,  and  thence  to  the  muzzle.  The  cartridge  used  m  also  mad.:  with  a  per- 
foration, through  which  the  loading  rod  j.:i^-<  -.  The  loading  rod  was  quickly 
attached  to  the  bass  'it   the  projectile  at  the  mr.z/.ie  of  the  gun.     The  charge  was 

quickly  drawn  into  the  chamber  of  the.piece  and  disconnected  in  readiness  for 

firing,  and  the  breech  was  then  closed  by  a  simple  apparatus.  The  object  of 
tlii-  method  of  loading,  is  to  acquire  the  advantages  of  the  breech-loader,  and  to 
retain  the  strength  of  the  muzzle  loader.  The  ports,  or  embrasures,  could  be 
closed  during  the  operation  of  loading,  and  the  men  at  quarters  thereby  pro- 
tected from  the  enemy's  tire. 


ABSTRACT  HISTORY  AND  DEVELOPMENT  OK  THE  ENGINEERING 
MANUFACTURES  OF  THE  TYNE  AND  NEIGHBOURING:  DIS- 
TBICTS. 

Bv  Pekcv  Wbstkacott,  M  Inst.  C.K.,  ami  .1.  F.  Spencer,  M.  I.v.st.  ME. 

The  north-eastern  district!  of  the  United  Kingdom,  long  pre-eminent  for 
mining  operations  in  coal,  and  more  latterly  iron-tone,  have  aJSO  been  gradually 

rising  into  importance  at  the  u  al  ol  mi  -t  extensive  engineering  manufactories. 

The  unlimited  supply  of  coal,  an  intelligent,  hard-working,  and  enterprising 
population,  together  with  the  engineering  oecessities  of  such  a  large  mining 
district,  and  the  advantage  convenient  seaports  have  combined  to  create  ■  large 
and  increasing  demand  for  all  classes  of  engineerin  j  manufactures. 

.\,  early  as  the  year  1717  the  Gateshead  Iron  Works  wen-  commenced,  and  the 
present  proprietors,  Messrs,  Hawks,  Crawshay,  and  Co.,  have  now  one  of  the 
engineering  establishments  on  the  Tyne. 

In  1  "!»:*,  millwright  work  was  undertaken  ;it  Chester-le-street,  paper,  lead, corn, 
and  other  mills  being  constructed  and  supplied  to  all  parts  of  England,  Scotland, 
Ireland,  and  abroad  ;  in  1826,  a  large  fonndn  business  was  added. 

In  1800,  the  Walker  Iron  Works,  owned  by  Means.  Leah,  Wilson,  and  llcll, 
were  commenced,  and,  as  in  the  two  establishments  previously  mentioned,  the 
variety  and  extent  of  engineering  work  rapid!]  increased,  as  the  demand  arose 
for  an  improved  class  of  machinery  and  motive  power, 

Mr.  Losh,  the  kite  senior  partner  ol  the  linn.  i»  well  known  in  connection 

with  the  introdncti »f  wrought  iron  railway  wheels,  an  improvement  thai  has 

i  ially  tended  to  perfect  the  efficiency  ol  the  r..|lin_-  itook,  The  manufacture 
,,t  Losh's  patent  wheels  was  at  one  time  averj  large  and  important  branon  of 

the  Walker  Iron  Work*. 

It  may  be  interesting  to  notice,  at  the  early  date  ol  I78a\  the  erection  on  the 
Tyne  of  one  ol  Watt'i  steam  engines,  for  tin-  owners  ol  Walker  Colliery,  by 
Boulton  and  Watt    Mr.  Losh  purchased  tin-  engine  in  the  Walker 

Alkali    Company,   and   it    may  yet    be   -een   worlrio  W.dker,   with   its 

w Ian  beam  and  bed  plate,  ami  -tin  an  I  plaint  .tank  motion. 

In  1  hit,  Mr.  Robert  Hawthorn,  the  present  senior  partner  i  t,  and 

W.  Hawthorn,  established  the  Forth  Bank  Engine  Works,  receiving  us  partner 

his  brother  William,  in  1820.    The  increase  from   8  men  in  1m|7,  to  nearly  Hmo 
in  18t;--\  indicate-  ver\   forcibly  the  progre.-ion  ..I  ihu  well  known  e-tabli-hun  nt. 

is,,.  Tahle  A  appendix.) 

In  1880,  Mr.  T.  1).  Mat-hall,  of  South  Shield-,  commenced  the  building  of 
steam  tugs  and  fitting  them  with  machinery. 


In  1838,  the  Hartlepool  Iron  Works  were  established  by  Messrs.  Thomas 
Richardson  and  Sons  :  these  works  are  now  of  considerable  magnitude. 

In  1844,  the  Tees  Engine  Works,  now  owned  by  Gilkes,  Wilson,  and  Co.,  were 
established  for  the  manufacture  of  large  iron  bridges  and  similar  constructions, 
locomotives,  marine  and  stationary  steam  engines,  and  foundry  work. 

In  1847,  the  Elswick  Engine  Works  were  commenced,  with  about  200  men, 
and,  although  then  only  engaged  in  the  manufacture  of  hydraulic  and  general 
machinery,  there  has  been  a  later  period  when,  with  the  manufacture  of  the 
Armstrong  guns  (1856),  the  number  of  hands  employed  has  amounted  to 
upwards  of  4000. 

In  1847,  Mr.  Renoldson,  of  South  Shields,  established  shops  for  the  construc- 
tion of  engines  and  boilers  for  tug  steamboats. 

As  the  increasing  commercial  interests  of  this  country,  and  the  improvements 
matured  in  steam  power,  gave  a  fresh  impetus  to  engineering  manufacturers,  the 
undoubted  advantages  and  facilities  of  this  district  were  appreciated  and  availed 
of  by  Messrs.  Palmer  Brothers  in  1852,  Messrs.  Morrison  and  Co.  in  1853, 
Messrs.  Thompson  in  1856,  and  Mr.  David  Joy,  of  Middlesboro',  in  1862. 

In  referring  briefly  to  the  progress  and  present  condition  of  the  engineering 
manufacturers  of  the  Tyne  and  neighbouring  districts,  it  will  be  necessary  to 
classify  them  under  the  following  heads  : — 

1.  General  machine  and  mill  work. 

2.  Stationary  and  steam  engineering. 

3.  Locomotives. 

4.  Marine  engineering. 

5.  Hydraulic  machinery. 

6.  Iron  bridges,  viaducts,  lighthouses,  &c. 

1.    General  Machine  and  Mill  Work. 

During  the  past  116  years,  the  following  firms  have  contributed  largely  to  the 
supply  of  first-class  machine  and  mill  work  of  all  descriptions : — Messrs. 
Hawks,  Crawshay,  and  Co.,  of  Gateshead  Iron  Works  ;  Thomas  Murray  and  Co., 
Chester-le-street;  Losh,  Wilson,  and  Bell,  Walker  Iron  Works:  R.  and  W. 
Hawthorn,  Forth  Hank  Engine  Works ;  R.  Stephenson  and  Co.,  South-street 
Engine  Works  ;  Thomas  Richardson  and  Co.,  Hartlepool  Iron  Works  ;  Gilkes, 
Wilson,  and  Co.,  Tees  Engine  Works  ;  W.  G.  Armstrong  and  Co.,  Elswick 
Engine  Works  ;  Morrison  and  Co.,  Ouscburn  Engine  Works  ;  Thompson  aud  Co., 
Spring  Gardens  Engine  Works.  With  reference  to  the  magnitude  of  the  work 
undertaken  by  some  of  the  above  firms,  it  may  be  stated  of  Messrs.  Crawshay 
and  Co.,  Losh,  Wilson,  and  Bell,  Thomas  Murray  and  Co.,  W.  G.  Armstrong 
and  Co.,  and  Morrison  and  Co.,  that  single  castings  have  been  supplied  from  45 
tons  downwards,  and  there  are  capabilities  for  turning  out  single  castings  of 
even  60  tons. 

As  every  description  of  paper,  corn,  lead,  and  other  mills  have  been  extensive! v 
constructed,  it  is  impossible  to  refer  to  them  in  detail  :  but  the  erection  of  a  self- 
acting  crane  for  delivering  ballast  at  St.  Anthony's  Quay,  by  Messrs.  1!.  aud  W. 
Hawthorn,  at  the  early  date  of  1820,  is  worthy  of  notice. 

2.    Stationary  Steam  Engineering. 

Steam  power  was  first  practically  utilised  in  mining  operations,  and  its  applica- 
tion was  early  introduced  in  the  North-Kastern  mining  districts  by  several  of 
the  engineering  firms  before  referred  to  ;  and  the  fact  that  the  wants  of  a  large 
mining  district  were  almost  exclusively  supplied  with  steam  power  by  local 
talent,  and  capital,  is  a  satisfactory  proof  that  there  were  the  right  men,  at  the 
right  time,  to  aid  by  their  engineering  experience  the  resources  and  trade  of  the 
district. 

Among  the  engineering  specialities  of  this  di-triet  may  be  mentioned  many 
large  winding  and  blowing  engines.    Messrs.  Hawk-,  Craw-hay.  and  Co.  have 

Cast  and  bored  cylinder-  of  I08in.  diameter  for  this  ela--  of  engines. 

In  ls-j-J,  Messrs.  I!,  and  W.  Hawthorn  first  applied  steam  to  drive  their  lathes. 

and  in  iH2t  they  constructed  a  60  horocHpower  engine  for  the  Plate  tilass  Works 
of  Meesrs.  Cookaon  and  Cuthbert ;  and  this  engino  is  still  doing  efficient  duty. 

At  Ihi-  period  the  same  firm  also  tilted  a  self-acting  steam  erane,  for  delivering 

ballast  at  Hebburn  Quay,  on  the  Tyne. 

Several  of  the   firms    previously    mentioned    have   e\ten-ively   (applied    steam 

cranes  <>t   various  powers;   Messrs.  Thompson  and  Co.   alone   having  made 

upward-  of  200. 

Messrs.   .Morrison  and  Co.  are  noted  for  their  large  steam   hammers,  <ever.il  ol 

which  they  have  ■applied  to   the  Government,  tin-    Blawhk  Engine    Works, 

and  other  large  establishments  :  and  they  have  them  in  then-  own  "oiks  of  16. 
to  'Jo  tons  weight,  together  with  '_'  -team  crane-  oajpablt  ol  lilting  60  tons  each. 

Although  not  quite  finished,  yet,  on  account  of  iteaKDatsive  magnitude,  it  is 

of  Mime  interest  to  note  here  that  Messrs.    Morrison  and   Co.   are   now   engaged 

m  completing  ■  monster  -team  hammer  for  the  Russian  Government,  The 
forging  for  the  hammer  piston  i-  in  ton-,  and  the  enlarged  part  <>t  the  same  la 
8(t.  6in.  diameter,  finished  site,  'lie- total  weight  of  thu  hammer,  when  com- 
plete i.  will  be  about  660  bona,  the  bed  alone  bemg 240  tons,  and  will  be  oast  in 
three  pieces  in  its  final  resting  place;  it  i-  behoved  this  will  be  by   far  the 

largi  -I  •team  hammer  in  the  world. 

The  application  of  -team  power  to  anderground  haulage  ha-  !»■  -n  successfully 
introduced  l's  Mbssii  TIiiiiiisi  Mtiiisj  sinl  Co.,  oi  i  'he-tet  -le.-n , .  i ,  the  iteHB 
being  conveyed  to  engine-  underground  from  holler,  placed  above  the  surface. 

A  model  of  this  application  of  -team  power  in  Hetton  Colliorj  was  exhibited 
at  the  meeting ;  intuit  pairoi  Lfiin.  cylinders,  and  .lit.  stroke, 

working  lour  drum-,  all  on  Separata  -halt-,  tor  drawing  on  a  plane  and   incline. 

Hasan,  Murray  and  Co,  have  lateb  ere  bed  two  200  horse-power  condensing 
engines  for  winding  al  tyrhopeNen  Winning;  the  cylinder-  are  68in,  diameter 

and  711.  stroke;   Ihev  engines  run  deliver  2000  toni  per  day  from  a  depth  ofSOO 

fathoms.    The  sann  firm  also  erected  al  North  Beaton  o  winding  andpntnplng 

engine  cylinder,  OOfot  di  fitted  with  the  first  hollow  plate 

iron  beam. 
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Messrs.  Losh,  Wilson,  and  Bell  were  early  in  the  field  in  the  construction  of 
steam  engines  for  mills,  collieries,  and  iron  works.  This  firm  have  erected 
a  large  pumping  engine,  about  30  years  ago,  for  Friar's  Goose  ;  also,  at  later  dates, 
a  large  pumping  engine  for  the  North  Seaton  Colliery — diameter  of  cylinder,  76in., 
and  8ft.  stroke ;  60in.  double  cylinder  high  pressure  engines  for  the  Burradon 
Colliery,  and  many  engines  for  blast  furnaces  and  winding,  having  steam  cylinders 
of  38,  40,  and  42in.  diameter. 

At  the  present  time  this  firm  is  largely  engaged  in  the  manufacture  of  surface 
condensers  for  mill  and  other  steam  engines,  in  connection  with  Mr.  J.  P.  Spencer, 
the  patentee  of  certain  improvements  in  their  application  to  existing  and  new 
engines. 

This  short  and  limited  notice  of  such  an  important  subject  as  the  development 
of  stationary  steam  engineering,  can  only  serve  to  indicate  in  a  very  limited  de- 
cree the  engineering  capabilities  of  the  district. 

3.    Locomotive  Engineering. 

To  this  district  belongs  the  undoubted  honour  of  being  the  birthplace  of  the 
locomotive,  and  this  fact  must  ever  be  recorded,  when  the  names  of  Trevethick 
and  Stephenson  appear  on  the  page  of  history. 

In  a  paper  written  expressly  to  record  the  contribution  of  the  north-east  of 
England  to  the  engineering  talent  of  the  country,  it  would  be  simply  unjust  to 
forget,  in  the  now  almost  world-wide  extension  of  locomotive  manufacture,  the 
Stephenson  "  Kocket "  of  1 829,  or  the  Hawthorn  "  Comet  "  of  1835.  The  latter 
engine,  which  was  used  at  the  opening  of  the  Newcastle  and  Carlisle  Railway, 
can  still  be  seen  in  daily  work  at  the  saw  mills  of  the  Forth  Bank  Engine 
Works. 

In  Table  C,  in  the  appendix,  will  be  seen  the  number  of  locomotives  and 
tenders  manufactured  by  the  several  local  firms ;  and  it  will  be  sufficient  here  to 
state,  generally,  that  during  the  past  34  years  upwards  of  2400  locomotives  have 
been  constructed  by  R.  Stephenson  and  Co.,  R.  and  W.  Hawthorn,  Gilkes, 
Wilson,  and  Co.,  and  Sir  W.  G.  Armstrong  and  Co. 

In  the  above  number  are  included  all  the  known  varieties  of  the  locomotive, 
from  the  comparatively  small  tank  engine  to  those  magnificent  specimens,  con- 
structed by  Messrs.  R.  Stephenson  and  Co.,  for  the  late  Viceroy  of  Egypt  (photo- 
graphs of  these  engines  were  exhibited). 

4.    Marine  Engineering. 

It  would  display  an  unwarrantable  indifference  to  the  birth  and  progress  of 
great  improvements,  if  reference  was  not  made  to  the  first  practical  application 
of  steam  power  on  theTyne  for  towing  purposes,  more  especially  as  the  date  of 
such  application  was  almost  coeval  with  Henry  Bell's  "  Comet,"  on  the  Clyde, 
in  1812. 

It  is  also  of  interest,  in  an  engineering  point  of  view,  to  place  on  record  the 
names  of  those  local  firms  who  were  the  earliest  in  the  field  in  making  and  fit- 
ting the  first  steam  engines  for  Tyne  tugs. 

In  1814,  the  first  steam  tug,  the  "  Perseverance,"  was  fitted  and  started  on  the 
Tyne,  there  being  at  that  time  only  17  steamboats  in  existence ;  and  Table  B,  in 
the  appendix,  gives  the  particulars  of  the  introduction  of  steam  for  towing  pur- 
poses on  the  Tyne,  from  1814  to  June,  1822  ;  in  this  table  it  will  be  seen  that 
the  now  existing  firms  of  R.  and  W.  Hawthorn  firstly,  and  Hawks  and  Co. 
secondly,  made  and  fitted  steam  engines  for  tugs  as  early  as  the  years  1820 
and  1821. 

This  reference  to  the  beginning  of  steam  navigation,  and  manufacture  of 
marine  engines  on  the  Tyne,  is  the  more  important  from  the  well  known  fact 
that  almost  all  the  ports  of  the  United  Kingdom,  as  well  as  those  of  foreign 
countries,  have  to  the  present  day  come  to  the  Tyne  for  their  steam  tugs.  From 
this  fact  it  may  be  fairly  assumed  that  the  Tyne  engineers  have  from  the  first 
supplied  a  most  important  want  in  a  manner  that  has  defied  competition ;  and 
even  now  it  is  difficult  to  suggest  any  important  improvement  in  the  class  of 
engine  that  has  been  working  in  these  tugs  during  the  past  40  years. 

Some  additional  force  is  given  to  the  last  statements  by  the  fact  that,  at  the 
present  time,  there  are  upwards  of  250  of  what  may  be  aptly  termed  "  native 
steam  tugs"  employed  on  the  Tyne,  besides  nearly  100  more  in  the  ports  of 
Sunderland,  Stockton,  Middlesborough,  and  Hartlepool ;  and  the  engines  in  all 
these  are  almost  identical  in  type  with  those  fitted  in  1820. 

Among  the  evident  causes  for  the  rapid  extension  of  marine  engine  con- 
struction in  the  ports  of  this  district  are  the  early  introduction  of  steam  power 
for  towing  purposes,  and,  more  lately,  the  increasing  substitution  of  steam  for 
sails,  in  the  coal  carrying  trade,  leading  to  the  introduction  of  screw  colliers  ; 
these  may  be  fairly  considered,  with  respect  to  this  district,  as  native  productions, 
and,  further,  they  have  proved  stepping  stones  to  the  construction  of  the  higher 
classes,  and  larger  powers,  of  marine  engines. 

As  before  stated,  Messrs.  R.  and  W.  Hawthorn  were  the  first  of  the  now  ex- 
isting firms  to  make  engines  for  steamboats ;  and  during  the  past  10  years 
especially  they  have  been  extensively  engaged  in  fitting  marine  engines,  both 
paddle  and  screw,  up  to  250  horse-power.  In  1859  they  applied  most  success- 
fully to  the  Frankfort,  100  horse-power,  of  Liverpool,  Mr.  J.  F.  Spencer's 
system  of  surface  condensation,  and  they  have,  more  lately,  applied  the  same 
arrangement  with  equal  success  to  a  pair  of  140  horse-power  screw  engines  they 
made  and  fitted  into  the  London,  for  the  Cadiz  trade ;  the  economy  of  fuel  being 
considerable. 

•  The  same  firm  have  also  supplied  Her  Majesty's  Government  with  150  horse- 
power horizontal  screw  engines  for  H.M.S.  Sheartvater  ;  these  engines  are  fitted 
with  separate  expansion  valves,  worked  by  a  second  link. 

Messrs.  Hawks,  Crawshay,  and  Co.  have  constructed  several  pairs  of  marine 
engines,  paddle  and  screw,  for  river  and  sea  service,  and  they  date  the  commence- 
ment of  this  class  of  work  as  early  as  1821. 

In  1830,  Mr.  T.  D.  Marshall,  of  South  Shields,  commenced  building  and  fitting 


steam  tugs,  and  out  of  the  600  engines  this  firm  have  made  since  that  date,  up- 
wards of  300  have  been  fitted  in  steam  tugs.  Marshall's  [steam  tugs  being  well 
known  in  every  port.  The  present  firm  of  Marshall  Brothers  are  still  largely 
engaged  in  the  construction  of  paddle  and  screw  engines. 

The  names  of  Renoldson,  Almond,  and  Kepple  arefalso  well  known  as  pro- 
ducers of  steam  tug  engines  on  a  large  scale ;  and  it  may  be  safely  stated  that 
upwards  of  1000  tug  engines  have  been  made  and  fitted  on  the  Tyne. 

Messrs.  Thomas  Richardson  and  Co.,  of  Hartlepool,  have  paid  much  attention 
to  marine  engineering,  and  are  now  engaged  in  perfecting  several  improvements 
therein.  The  extent  of  their  establishment  can  be  seen  by  reference  to  Table  C, 
in  the  appendix. 

Messrs.  R.  Stephenson  and  Co.  have  employed  a  large  portion  of  their  exten- 
sive establishment  in  the  construction  of  marine  engines ;  and,  in  addition  to  a 
long  list  of  engines  fitted,  of  various  sizes,  they  put  on  board  a  Sardinian 
frigate  a  pair  of  250  horse-power  horizontal  screw  engines  for  the  Sardinian 
Government. 

In  1852,  Messrs.  Palmer  Brothers  established  the  Jarrow  Engine  Works, 
where  have  been  manufactured,  and  fitted  on  board,  a  considerable  number  of 
marine  engines,  paddle  and  screw,  and  some  of  them  of  large  power,  having  90 
and  80in.  cylinders. 

During  the  past  18  months  this  firm  has  introduced  surface  condensation  into 
several  pairs  of  engines,  adopting  an  American  plan  for  jointing  the  tubes. 
These  engines  are  reported  satisfactory  for  duty  and  economy  of  fuel,  and  there 
are  several  pairs  in  hand  on  the  same  plan,  having  63  and  60in.  cylinders. 

Of  the  latest  and  most  successful  of  this  firm's  engines  may  be  mentioned 
those  of  the  Georgia,  having  60in.  cylinders,  giving  a  high  speed  and  small  con- 
sumption of  fuel. 

Messrs.  Morrison  and  Co.,  of  the  Ouseburn  Engine  Works,  have  given  much 
attention  to  the  construction  of  marine  engines,  up  to  250  horse-power,  and 
have  applied  Hall's  surface  condensers,  separate  expansion  gear,  and  steam 
jackets  with  much  success.  The  mail  steamship  Auckland,  with  the  improved 
engines  referred  to 'of  150  horse-power,  has  proved  on  her  trial  and  economical 
and  successful  ship. 

Messrs.  Thompson  and  Co.,  of  the  Spring  Gardens'  Engine  Works,  have, 
especially  since  1856,  been  largely  engaged  in  the  construction  of  marine  engines 
up  to  200  horse-power,  and  they  have  also  paid  some  attention  to  economy  of 
fuel. 

Messrs.  Gilkes,  Wilson,  and  Co.,  of  Middlesboro',  and  Mr.  G.  Clark,  of  Sun- 
derland, are  also  engaged  in  marine  engine  construction,  but  have  not  furnished 
any  information  as  to  extent  or  speciality. 

In  this  limited  notice  of  what  is  now  a  most  important  branch  of  engineering 
industry  in  this  district,  it  is  important  to  state  that  the  North  Country  engineer 
has  to  provide  a  larger  and  more  powerful  marine  engine  at  a  less  cost  per  horse- 
power than  the  engineer  on  the  Thames ;  and  this  unjust  difference  has  tended 
materially  to  check  in  this  district  the  manufacture  of  the  higher  class  of  marine 
engines. 

Finally,  it  may  be  confidently  stated  there  is  a  general  desire  among  the  North 
Country  engineers,  that  the  system  of  quality  of  workmanship  following  price 
should  be  superseded  by  price  following  qualitj'  of  workmanship. 

Several  of  the  large  firms  just  referred  to  have  every  capability,  in  extent  and 
convenience  of  shops  and  tools,  for  supplying  the  largest  engines  that  may  be  re- 
quired for  her  Majesty's  navy  or  mail  steamships. 

5.    Htdratjiic  Engineering. 

It  will  be  necessary  under  this  head  to  refer  separately — first,  to  the  applica- 
tion of  machinery  to  pumping,  either  for  removing  or  supplying  water ;  and 
secondly,  to  the  application  of  machinery  in  using  water  as  a  motive  power. 

Extensive  mining  necessities  require  the  constant  attention  of  the  mechanical 
engineer,  especially  to  provide  large  and  capable  machinery  for  discharging  water 
from  great  depths  ;  and  it  is  matter  of  much  satisfaction  when  such  machinery 
can  he  designed  and  applied  on  the  spot. 

The  following  brief  reference  to  the  productions  of  local  firms,  in  addition  to 
the  supply  of  machinery  for  waterworks,  Ac,  will  clearly  show  that  this  district 
has  reaped  the  full  benefit  of  such  local  designs  and  applications. 

Messrs.  Thomas  Murray  and  Co.,  of  Chester-le-street,  have  applied  steam 
power  extensively  to  pumping  for  colliery  purposes,  and  completed  some  of  the 
largest  colliery  pumping  engines  in  the  district,  some  of  them  being  200  horse- 
power, with  60in.  and  68in.  steam  cylinders. 

Messrs.  R  and  W.  Hawthorn  were  very  early  in  the  field  in  the  construction 
of  large  engines  for  pumping,  and  in  1834  they  erected  a  single-acting  pumping 
engine,  with  55in.  cylinder  and  8ft.  stroke,  for  the  Newcastle  Subscription  Water 
Company.  This  engine  was  the  first  erected  in  the  neighbourhood  with  steam 
jackets  and  valves  on  the  Cornish  principle  ;  it  was  at  a  later  date  (1854)  con- 
verted into  a  double-acting  engine,  and  is  now  doing  duty  at  Newburn. 

In  1845  several  large  pumping  and  winding  engines  were  erected  by  the  same 
firm  at  the  various  collieries  in  the  North  of  England,  among  which  was  a 
powerful  pumping  engine  of  250  nominal  horse-power,  at  Walbottle  Colliery,  on 
the  Tyne,  with  steam  cylinders  77in.  diameter  and  10ft.  stroke ;  it  was  erected 
to  drain  a  large  coal-field  area,  where  it  is  now  working. 

In  1847-8  several  first-class  waterworks'  engines  were  manufactured  and 
erected  by  the  same  firm  in  the  towns  of  Newcastle,  Derby,  Nottingham,  Wol- 
verhampton, Southampton,  and  Brighton ;  and  in  1858-9  they  erected  powerful 
double-acting,  combined,  high  and  low  pressure,  and  rotative  beam  engines,  at 
the  works  of  the  Nottingham  Waterworks  Company,  the  Coventry  Waterworks 
Company,  and  at  Altoua,  near  Hamburgh,  for  the  supply  of  that  city  with 
water,  under  the  direction  of  Thomas  Hawksley,  Esq.,  C.E.  Those  last-named 
engines  performed  a  duty  of  110  millions,  with  1121bs.  of  coals,  the  consumption 
being  2Jlbs.  per  indicated  horse-power.  An  arrangement  for  causing  the  governor 
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to  act  directly  upon  the  steam  valves  was  introduced  in  these  engines  wi'  h  perfect 
success,  giving  them  great  steadiness  in  working,  and  effecting  a  considerable 
saving  in  the  quantity  of  steam  used. 

Messrs.  HaTks.  Civtwshay,  and  Co.,  of  Gateshead,  have  constructed  and  erected 
at  the  Hull  Waterworks  the  largest  pumping  engine  that  has  been  made  in  this 
district. 

The  steam  cylinder  is  85in.  diameter,  and  stroke  10ft.  Gin. ;  the  plunger  pump 
being  34§in.  diameter,  and  the  same  stroke  as  the  steam  cylinders. 

This  beam  engine  is  single  acting,  and  capable  of  lifting  nearly  2  tons  of  water 
174ft.  high  each  stroke. 

The  same  firm  has  also  erected  a  large  pumping  engine  for  the  waterworks  at 
Scarborough.  The  steam  cylinder  is  loin,  diameter,  and  stroke  8ft.;  this  is  a 
single  acting  beam  engine,  worked  expansively. 

Messrs.  Morrison  and  Co.,  of  the  Ouseburn  Engine  Works,  have  mad 

pumping  engines.  One  pair  was  erected  at  Cleadon-lane,  for  the  Sunder- 
land and  S.nirii  Shields  Water  Company.  There  are  two  steam  cylinders,  each 
COin.  diameter,  and  stroke  8ft.,  worked  expansively. 

Messrs.  Losh,  Wilson,  and  Bell  have  also  erected  several  large  colliery  pumping 
engines. 

Messrs.  Sir  W.  G.  Armstrong  and  Co.,  in  addition  to  their  extensive  applica- 
tion of  machinery  for  applying  water  ih  a  motive  power,  have  constructed  the 
engines  for  the  Durham  Water  Works,  together  with  other  pumping  engines  for 
collieries;  and  they  have  been  successful  in  introducing  a  Belt-acting  valve  to 
waterworks'  supply  pipes  that  effectually  shuts  off  the  supply  in  case  of  a  pipe 
bursting. 

Of  the  second  division,  or  the  use  of  water  as  a  motive  power,  there  i<  a  dis- 
tinct speciality  of  manufacture  pertaining  to  this  district  in  the  machinery  pro- 
duced by  Sir  W.  (I.  Armstrong  and  Co.,  at  the  Elswick  Engine  Works  ;  and  the 
following  somewhat  full  reference  to  this  subject  may  be  justified  by  the  fact, 
that  the  manufacture  of  this  class  of  machinery  has  been  exclusively  confined  to 
this  district. 

At  the  meeting  of  the  British  Association  for  the  Advancement  of  Science, 
held  in  the  year  1834,  Sir  William  'then  Mr.)  Armstrong  read  a  paper  on  the 
"  Application  of  Water  Pressure  Machinery,'  wherein  he  described  the  origin 
and  principles  of  his  invention  in  the  system  of  hydraulic  machinery  now  re- 
ferred to. 

In  the  further  extension,  Mnce  that  period,  of  this  class  of  machinery,  many 
improvements  have  arisen,  the  principles  as  then  expounded,  however,  remaining 
ime. 

The  application  of  water  power  is  classed  under  two  heads,  viz..  the  one  where 
the  pressure  i-  obtained  from  natural  lources  ;  tho  other,  where  it  U  generated  by 
artificial  means,  'flic  employment  of  tin;  former  has  remained  limited,  owing 
to  its  being  confined  to  districts  lees  accessibli  ■  of  works;  and, 

therefore,  the  important  and  pplication  ot  hydraulic  machinery  which 

has  taken  place,   in    nearly   all   the   pr:  anient 

establishments  in  this  country,  i-  due  to  the  invention  of  the  "  Accumulator,"  for 
icing  artificial   pr  icb  is  usually  made  equal  in  effect  to  a  head  of 

water  i  '"lit. 

This  high  pressure  system  has  b  I  with  economy  to  ariety 

of  purposes,  such  as  to  cranage,  waggon-lifts,  coal-el  -.  and  tipping  ma- 

chines; to  the  working  of  turntables,  traversing  machines,  hauling  machines) 
b  it  in  no  one  branch  of  labour,  perhaps,  has  tl  .'  been 

more  exemplified  than  in  tin-  loading  and  discharge  of  vessels,  particularly  those 
employed  in  the  coal  tr 

Nearly  L800  hydraulic  ci  mi  -.  boisl  -.  and  other  machine*  of  this  description, 
have  been  applied,  and  171  steam  ens  a  collective  power  ol 

than  5200  horse  p  i  mployed  in   upplj  ing  the  pressure  required  lor  work- 

ing them.      I:i    additic  177    hydra  -   of  various   forms  and 

,  pr  iduced,  and  23  movabli  worked  by  hydraulic 

niacin 
The  mosl  novel  and  noticeable  nrran  from 

I-.    by    means    of  hydraulic    machinery,     i-  ird    a 

to    Mr.  Cory,  moored  in    tin    River  Thames,    This 
ii. illy  bnilt  for  other  purposes,  h  ted  into  .i  floating  wharf,  and 

i-  supplied  with  a  steam  pumping  engine,  accumulator,  0  hydraulic  cranes  (which 
weigh  the  coal  at  the  tame  time),  -  hydi  •  sriety  of  appnr- 

itttating  the  work  by  day  and   by  night.  large 

is  tin  ore  of  this  scheme    itean  tl  ore 

delivered  in  in  hours.    Such  vessels,  plying  between  the  Tyne  and  the  Ths 
have  accomplished  the  voyage  there  and  book  in  96  hours;  having  loaded  and 
discharged  each  cargo  in  one  tide,  and  made  the  passage  in  three  tide*  each  way. 
Two  such   vessels  can  be  delivered  at  tin1  same    time  alongside   .Mr.  i 

floating  wharf,  thus  rendering  the  power  final   to  the   discharg 

tons  of  cool  in  the  24  hours. 

The  application  of  bydraulio  hoists  for  shi|  has  met  the  diffii 

formerly  felt  in  loading  from  low  levels,  at  g  comparatively  mod 
may  be  seen  from  the  following  ttgnt 

At  the  Newport  Docks.  Monmouthshire,  in  the  rear  1882,  219,4861  •  coal 
•were  shipped  from  three  hydraulic  hoists  worked  by  -t\  nun.  The  sum  paid  in 
wages,  stores,  and  repairs,  amounted  to £601  9s.  -•'.  The  cost  ol  supplying  the 
pressure  amounted  to  about   £260,  wbii  ohorge  ol 

penny  per  ton  for  the  pressure,  and  0*662  of  i  penny  pec  son  I 
and  repairs.    These  fignres  ore  exclusive  of  the  ii  lay  ol 

capital.  Before  the  introduction  of  hydraulic  machinerj  ii  then  docks,  th( 
cost  of  loading  coals  by  hand  amounted  to  between  ■"■'.  and  7'.  per  ton. 

In  point  of  dispatch  the  hydraulic  Is  equal  with  the  gravitation   system, 

both    being   limited    l>J      the    labour    of    trium  d    in    tin-    hold    ot    the 

vessel. 


The  most  remarkable  application  of  a  hydraulic  machine  for  loading  coals  is 
the  one  now  construct  i;i_-  at  Groole  Dicks,  in  connection  with  the  system 
adopted  bv  Mr.  Barthnlemew  for  the  coal  traffic  upon  the  Aire  and  Calder  Canal. 
The  barges,  carrying  33  tons  of  co  tl  each,  will  be  lifted  by  this  machine  out  ot 
the  water,  and  their  contents  tilted  directly  into  the  hold  of  the  vessel  to  be 
laden. 

Recent  improvements  in  the  construction  of  rotatory  engines  have  so  simpli- 
fied and  reduced  their  size,  that  the  application  of  this  class  of  engines 
is  rapidly  extending.  A  7  horse-power  hydraulic  engine,  worked  from  the 
ordinary  high  (accumulator)  pressure,  occupies  a  space  of  2jft.  square  by 
Oin.  deep.  Such  engines  are  now  being  applied  directly  to  new,  as  well  as  to 
the  existing  dock  gate  crabs  at  the  Liverpool  Docks,  without  at  all  disturb- 
ing the  present  arrangement  of  the  hand  power  gear  of  these  crabs,  which 
can  thus  still  be  used  by  baud  in  cases  of  emergency.  Other  engines  are  similarly 
applied  directly  to  the  crabs  of  handpower  cranes,  swing  bridges,  and  other 
hauling  appliances,  to  capstans,  machines  for  planing  armour  plates,  &c. 

The  latest  improvement  in  hydraulic  engines  consists  in  making  them  with 
variable  power,  so  that  their  consumption  of  water  may  be  the  better  propor- 
tioned to  meet  any  fluctuations  in  the  amount  of  work  to  be  done.  An  engine 
of  this  description,  capable  of  being  worked  up  to  17  horse-power,  under 
under  an  ordinary  accumulator  pressure  of  7001bs.  per  square  inch,  was  exhibited 
in  the  collection  of  models  brought  together  in  this  town  during  the  meeting  of 
iii-  Association. 

The  advantage  of  the  system  of  storing  up  pressure  in  accumulators,  so  that  a 
great  force  can  be  quickly  brought  to  bear  upon  heavy  masses  to  lie  rapidly 
1  for  a  limited  distance,  is  well  exemplified  in  its  application  to 
movable  bridges;  and  the  importance  is  the  more  felt  in  situations  where  traffic 
be  seriously  impeded  by  slow  action,  as,  for  instance,  at  the  part  of  the 
Swansea  and  Neath  Railway,  where  the  line  crosses  the  mouth  of  the  river, 
and  the  entrance  to  the  dock  in  Swansea.  The  communication  of  the  line  is 
kept  up  over  these  two  points  by  hydraulic  draw  bridges.  The  time  occupied 
in  lifting  and  drawing  back  the  largest  bridge — which  lias  a  space  of  75ft.  and 
weighs  280  tons — is  under  1|  minutes. 

At  Wisbeach,  where  the  plan  of  storing  up  pressure  in  an  accumulator  by 
hand  pumps  is  resorted  to,  a  bridge  weighing  I'M  tons  can  be  opened  or  closed 
in  less  than  two  minutes. 

In  noticing  the  application  of  water  pressure,  derived  from  natural  sources,  to 
the  working  of  machines  upon  the  system  introduced  by  Sir  William  Armstrong. 
no  better  reference  can  be  made  than  to  the  complete  and  extensive  works  ereote  1 
upon    the  1  at   Allenheads.      Hydraulic  machinery    is   therein   em- 

ployed in  rai  ids  from  mines ;  in  giving  motion  to  machines  for  wash- 

parating,  and  crushing  ore;  in  pumping  water,  and  driving  saw  mills  and 
the  machinery  of  a  workshop. 

The  most  recent  application  of  water  power  at  these  mines  deserves  especial 
notice. 

The  district  upon  which  the  several  new  works  are  opened  is  void  of  falls  of 
sufficient  altitude  tor  working  the  engines  and  machines  directly,  but  a  river 
runs  through  the  district   which   is   suitable   for  ovcrshort  wheels  ;   and  through 

as  .in-  ream  is  made  (•■  force  water  into  accumulators,  thus  ;mr. 

r:i::ti..   in  in  uisi  li  ::.  !>  !C  util  /    I  ':•.  :■  mi;  a  i  nt  i  inn.  :   iistr. bated  in 

ir  their  several  duties.    Th  -  principal  object  sought 
in  thus  intensifying  the  pressor   :-  to  lessen  the  size  of  the  pipes,  cylinders,  and 
valves  of  the  machines,  and  1 1  gain  more  rapid  action,  and  ala 
the  size  of  parts  to  effect  a  saving  in  outlay  upon  the  work  generally. 

6.    Lros  Budges,  Viadpi  cs,  Ltohthousbb,  &c. 
The  art  and  manufacture  of  iron  bridge  building,  and  of  other  similar  iron 

in   railway  construction  and 
nr  improvements,  arc  followed  to  a  c  insiderable  extent  by  several  engineer- 
in.'  firms  in  this  district. 

The  following  brief  nol  a  isl  important  of  these  works  can 

Only  be  taken  as  all  index  '.I    ;  .  -  of  the  district  in  this  direction. 

whioh  spans  the  [liver  Tyne.  and  forms  a  c  immunic 
id  and  rail,  a'  a  high  level,  between  the  towns  of  Newcastle  and  Qatssliead, 

led.   a-  i-  we'd  known,   from  tin-  same  practical  mind  and  '.renins  that  with 

Iran  ikill  threw  rnilwoj  the  Menni  Straits 

and  tin  Si    I  River. 

I   •  superstraol  level  bridge  was  executed  bj  Messrs,  Hawk-, 

This  firm  bas  reci  atij  ereote  I  I  if  fist  iron 
■    at  v., is.  from  the  dei  pans  (be  river  Ouse it 

i    172ft.    in    width.      Also,   tin     new  bridge  at    Sunderland,  wbi.li    consist* 
;  pan,    at    a    level   of   BOft.    above    high    water 

mark.    A  :.  attacked  to  this  bridge,  it  being  one  of  tin 

r      i|,i-  late  Robert  Stcphen-nii. 

Mi  H  rsbay,  and  Co.  likewise  constructed    the  wrought    iron 

um  tier  land  Docks,  ami  tin-  iron  lighthouses  at  Gunfleot,  Calais, 

and  Harwich;  an  iterials  for  the  iron  pier  of  Madras,  a  work  of 

Mi  I  i,  have  been  engaged  upon  the  construction 

lughl  ir..n  gates  for  docks,  and  bavi  made  88  wrought  iron  bridges,  among 
which,  as  most  noteworthy,  n  I  tho  Knfne   tasayal  Bridge,  over 

tl..   I:  of  tins  bridge  is  1807ft.    It   is  oomposed  ol 

four  fixed  openings,  each  114ft.  wide,  and  £wo  swing  openings  saofa  80ft,  wide, 
The  -iiibi  iped,  and  are  carried  upon  wrought  iron  cylinders,  imt. 

diameter,  and  about  BOft.  long.  The  gross  weight  of  this  bridge,  with  the  sup. 
porting  oylin  '• 

The  firm  of  Oilkes,  Wilson,  and  Co.,  ol  Uiddlesboro',  have  reoentlj  exeouted, 
from  the  designs  ol  Mr,  T.  B  lattice  bridges  lot  the  South  Durham 
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and  Lancashire  Union  Railway,  of  a  peculiar  light  and  cheap  construction.  Of 
these  the  Beelah  Viaduct  may  be  looked  upon  as  the  most  interesting  specimens 
of  construction  and  workmanship.  (Several  models  of  this  bridge  were  exhibited 
at  the  meeting.)  It  is  constructed  upon  a  somewhat  similar  plan  to  the 
celebrated  Crumlin  Viaduct,  from  which,  however,  it  differs  in  many  essential 
points. 

This  Beelah  Viaduct  consists  of  15  pieces,  composed  of  hollow  columns.  The 
span  of  the  lattice  girders  forming  the  roadway  is  60ft.  in  width.  The  total 
length  is  1000ft.,  and  the  greatest  depth  from  the  rail  to  the  ground  is  195ft. 
The  quantity  of  materials  used  in  construction  consists  of : — 

776  tons  of  cast  iron. 
398  tons  of  wrought  iron. 
12,343  cubic  feet  of  Memel  timber  for  roadway. 

Messrs.  Sir  W.  G.  Armstrong  and  Co.  have  been  engaged  extensively  in  de- 
signing and  manufacturing  iron  bridges.  They  have  constructed  25  movable, 
and  44  fixed  bridges.  With  one  or  two  exceptions  the  whole  of  the  former  are 
worked  upon  the  hydraulic  sj'stein  introduced  \>y  them. 

The  swing  and  drawbridges  at  the  Birkenhead,  Liverpool,  and  London  Docks, 
and  upon  the  Swansea  and  Neath,  and  Great  Western  Railways,  are  among  the 
most  noteworthy  of  this  class.  The  largest  fixed  bridge  constructed  by  this 
firm  is  the  one  which  crosses  the  River  Somme  in  India,  made  after  the  plans  of 
Mr.  G.  Rondel,  now  one  of  the  partners  of  this  firm.  Being  about  one  mile  in 
length,  it  boasts  of  being  the  longest  bridge  but  one  in  the  world.  It  is  formed 
with  28  spans.  The  girders,  carrying  a  railway  platform  above,  and  a  common 
roadwaj'  beneath,  are  of  the  lattice  construction,  the  top  section  being  composed 
of  wrought  iron  boxes,  and  the  lower  section  of  tension  bars.  The  girders  are 
carried  upon  brick  piers. 

The  total  weight  of  the  bridge,  including  the  pier  superstructures,  which  are 
of  iron,  is  about  4000  tons. 

Sir  W.  G.  Armstrong  and  Co.  have  also  turned  out  from  their  works,  caissons, 
dock  gates,  pontoons,  coffer  dams,  saddle-back  barges,  wrought  iron  dredges,  and 
a  variety  of  works  of  this  description. 

There  are  many  other  firms  in  the  district  engaged  in  constructing  similar 
classes  of  work  to  those  before  referred  to.  Enough,  however,  has  been  said  to 
show  the  important  position  which  this  district  holds  in  this  branch  of  industry, 
the  history  and  development  of  which  have  been  shortly  traced  in  this  paper. 


Table  B. 


APPENDIX.— Table  A. 


Showing  the  average  number  of  Men  employed  by  Messrs.  R.  and  W.     1 
Hawthorn  from  the  commencement  of  their  Works,  in  1817,   to  the     1 
year  1862. 

Years. 

Average  Men; 

Years. 

i 
Average  Men. 

1817 

8  to  10 

1838  to  1842 

511 

1818  to  1822 

42 

1843  to  1847 

726 

1823  to  1827 

108 

1848  to  1852 

907 

1828  to  1832 

216 

1853  to  1857 

890 

1833  to  1837 

318 

1858  to  1862 

984 

Statistics  having  reference  to  the  introduction  of  Steam  Power  for  towing 
purposes  on  the  Tyne. 

Date. 

Name  of  Steamer. 

H.P. 

Engine 
Builder. 

Total  number 
employed  in 
the  United 
Kingdom. 

1814 
1815 
1816 
1817 
1818 
1819 
1819 
1820 
1820 
1820 
1820 
1821 
1821 
1821 
June,  1822 

Perseverance 

3 

3 

20 

5 

10 

6 

3 

10 

9 

8 

10 

18 

14 

4 

7 

Crowther 

17 
21 
31 

40 

52 

64 

65 

78 

79 

80 

81 

117 

118 

119 

148 

Swift   

Eagle  

Watt 
Robson  ... 
Robson  ... 
Robson  ... 
Robsou  ... 
Robson  ... 
Robson  ... 
Hawthorn 
Hawthorn 
Hawthorn 
Hawks  ... 
Gibson  ... 
Hawthorn 

Swift   

Tyne    

Two  Brothers 

Indefatigable 

Duchess  of  Northumberland 
Navigator  

Lemington  Packet    

Notes  havixg  reference  to  Table  C. 

4.  Present  works  comprise  26  shops  (including  2  extensive  erecting  shops 
with  powerful  travelling  cranes),  the  tools  and  machinery  in  which  consist  of  19 
planing  machines,  55  lathes,  4  boring  mills,  5  shaping  machines,  28  drilling 
machines,  7  punching  machines,  3  shearing  machines,  1  rivetting  machine,  3 
plate-bending  machines,  3  steam  hammers,  22  cranes,  2  hydraulic  presses, 
1  lifting  apparatus  for  loading  boilers,  &c,  with  winches  to  lift  40  tons,  and  other 
tools  in  proportion,  2  large  steam  hammers  in  the  forge,  30  cwt.  and  60  cwt.  each. 

5.  Extent  of  works,  about  four  acres. 
7.  The  whole  works  cover  an  area  of  4J-  acres,  and  consist  of  erecting  shop,. 

fitting  and  turning  shops,  iron  and  brass  foundries,  pattern  shop,  coppersmith 
shop,  boilersmith  shop,  smith  shop  and  2  forges,  with  3  steam  hammers,  10,  15, 
and  50  cwt.  each. 
9.  Extent  of  works,  9  acres. 

11.  The  works  consist  of  the  usual  machine,  fitting,  erecting,  smith,  and 
pattern  shops,  together  with  forge,  boiler  yard,  and  an  extensive  fonndry  for 
engineering  and  general  castings. 

12.  Extent  of  works,  about  10,000  square  yards,  and  consist  of  forge,  foundry, 
engine,  and  steam  hammer  shops.  In  the  forge  are  3  steam  hammers,  one  of 
which  is  15  tons,  and  can  be  increased  to  20  tons,  if  necessary  ;  also  2  steam 
cranes  capable  of  lifting  50  tons  each.  The  foundry  has  2  travelling  cranes, 
capable  of  lifting  30  tons  each. 

13.  Extent  of  works,  about  1 J  acres. 

TABLE  C— APPROXIMATE  STATISTICS  OF  ENGINEERING  MANUFACTURE  IN  THE]  NORTH  EASTERN  DISTRICT. 


s 

1 

Manufacturers. 

s-SS 

Description  of  "Work 
executed. 

11° 
£  2" 

S  c 
a  ° 

1% 

Total  number 
of  Engines,  Boilers, 
Machines,  or  Mills 
completed  since  the 
commencement  of 
their  works. 

o  a 

0.3  a, 
i  C  O 

M*3 

Quantity  of  raw 

materials  used  in 

the  construction 

of  the  said 

Engines  and 

Machinery. 

Approximate 

value  of  raw 

materials. 

Name. 

Address. 

RP 

1 

2 

Hawks,  Crawshay,  &  Co. 
Murray  &  Co 

Chester-le-Street 

1747 
1793     - 

'Millwork  and  ge-"] 
neral    machinerv,  j 
J  Waterworks,  Mill,  I 
■>  Colliery,  and  Ma-  [ 
rine    Steam    En-  | 
^gines,  Bridges,  &c.J 

'1793  to  1826,  Pa-"| 
per,  Lead,  &  Corn 
Mills,    Agricultu- 
ral Machines  and 
Water       Wheels. 
{  1826,engine  build-  (> 
ing  and  cast  iron 
Foundry.    _    1841, 
BoilerMaking,  un- 
derground    haul- 
ing engines 

1500 
200 

f  92  Marine  Engines  7 
1 58  Land  Engines   3 

'350  Stationary  En-^| 

gines,  500  Boilers, 

400     Corn,    Clay, 

■{  Tread,   and   Lead  }■ 

Mills,    Brickmak- 
1  ing  Machines,  and 
UWaterwheels    ,      J 

5000  in 
30  years 

15,000 
Engines 

10,000 
Boilers. 

Tons. 

£ 

300,000 

15,000 
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Manufacturers. 


Xame. 


Losh,  Wilson,  &  Bell   ... 


E.  and  W.  Hawthorn  ... 


E.  Stephenson  &  Co.*  ... 


Marshall  &  Co. 


Richard-on 


Address. 


Walker 


Newcastle 


Newcastle 


Willington  Quay 


Hartlepool , 


1807 


1817 


tiilkes,  Wilson,  &  Co. 


Middh  sboro1 


1823 


1830 


1838 


1844 


!>    '    W.  O.  Armstrong  <t  Co. 


10 


J.  Benoldson 


Elswick  


Shields 


lsir 


11         Pain*  tj  Bro 


ia 


is 


ii 


Thomson  A  Co. 


Joy  ft  Co. 


■ 


Middl 


1802 


Description  of  Work 
executed. 


['Mill work,    Steam-] 
Engines  for  Mills, 
Blast      Furnaces, 
and  Colliery  pur 

imposes    


Millwork  and  ge-"| 
neral  Machinery,  ! 
Waterworks,  Mill,  I 
Marine.  ■ 


I  =• 


200 


Colliery 

and 

Engines 


Locomotive 


omotive,    MaO 
,  and  Mill  En-  £ 


("Locomotive, 
<  rine. 
tgiue 


Total  number 
of  Engines,  Boilers, 
Machines,  or  Mills 
completed  since  the 
commencement  of 
their  works. 


ioOStationary  En- ") 
;ines  &  extensive  > 
sundry  work j 


981     ,<! 


1500 


("Side-lever  Paddled     300  in 
j  Engines   for  Tug      Engine 

J  Steamers,  and  in-  ,  Shops, 

]  verted  direct  act-  700  in 

|  ing    Engines    for  Boiler 

[■Screw  Engines  ...J  shipyard 


f  Marine  Engines  ft-} 
<  Machinery  con-  > 
(.nectcd  therewith.. J 

Millwork  and  ge-"l 
neral  Machinery,  ' 
Mill,        Colliery,  I 

Marine,  and  I.  -  f 
comotr 

^Bridges,  ftc J 


fMillwork  and  ge-"* 

.    !.--rai     Machine  r.. 

J  Mill,  Waterworks, 

motive,     and 
I  Hydraulic        En- 


(  HarineEnginesfor') 
}.  towing  pnrpi  | 


I 


'Millwo 

Mill.    W    ' 


!  Millwo  "j 
neral 
Mill  or  ( 
j 


COO 


1000 


800 


40 


(.  II  in.  . 


I 


60 


'797      Locomotive^ 
Engines,  191  Min- 
ing do.,  9  pairs  ft 
2  "single     Water-  ! 
work  do.,  171  ge-  j 
neral  do.,   and  80 

t\MlM   -n-ii'l    Oil   ^nin-lii     • 


2000 


pairs  and  20  single  . 
Marine  Engines.. .J 

1510  Locomotive^] 
Engines,  115  Ma- 
rine Engines.  BOB 
Marine  Boilers, 
2<>.'iStationary  En- 
gines &  Boilers  ... 

f600  Engines,  with"] 

;  a  large  proportion  | 
<  of  Boilers  for  the  Y 
|  same,   chiefly    for  | 


^steamers  . 


J 


C840Steam  Engines] 

(and  Boilers j 

100     Locomotive^ 

Engines,  and  a 
large  number  of 
III. .wing  Engines, 
Steam  Cranes,  Ma- 
rine and  Station- 
ary Engines    

[  202     Locomotive, 

I  Stationary.  Pump- 
ing, and  Dredging 
■[  Engini  s, 255  Boil-  ;• 
ers,  17.".  Hydraulic  I 
Engines,   ISO  A.  -  i 
lUiimlators J 


f  I  Stationary  En- 
)  ernes,  86  Marine 
1  Engines  for  tow- 
Ling  purpose-   


( 71  pair-  mm 

1         oilers    ) 


1 7"  Uoili .  . 

00   Steam    Hum- 

■  ;   md  en- 

J    Dn  1   in      Mn- 
j  Milli 
i  Steam  I    i 


15,000, 
exclusive 

of 
Loco- 
motives. 


35,000 

Engines 

and 

Boilers, 
exclusive 
of  Loco- 
motives. 


3000 


12,313 


—  -—  •—  _  -o     ■ 

-  2  —  3  =  f"- 
^  2  -  3  =*  i; 

3  =  C  *  x  z. 
3^  ™  -  s  != 
el  lr  Si 

»B53 


S0,000 


Steam 

Engines. 

I  too 
Hydrau- 
lic 

Engines 


2280 


■ 
1 


I 
13     Potent> 

.mi    ll:i...  ) 


11,842 


20,000 


16  Steam 
Engines. 


<'.i-t  Iron 
684,  l 

Iron  'J"'o. 
Copper  21, 

Brass  13, 

Plates  726, 

Bo    Iron 

896. 

Cast  Eton 

For 

Bon 

Boil 
Plates  2000, 

i  and 

8460 

in  tin'  eon- 
-tin. 

.  ■!     M 

nes  & 


-5* 

«  a  i 


H.3  a 
c.gS 


2,000,000 


300,000 


- 


■ 
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PRELIMINARY  NOTICE  OP  AN  EXAMINATION  OP  RUBIA 
MUNJISTA,  THE  EAST-INDIAN  MADDER,  OR  MUNJEET  OP 
COMMERCE. 

By  John  Stenhouse,  LL.D.,  P.R.S. 

It  is  rather  remarkable  that  while  few  vegetable  substances  have  been 
so  frequently  and  carefully  examined  by  some  of  the  most  eminent  chemists 
than  the  root  of  the  liubia  tinctorum,  or  ordinary  madder,  the  Rubia 
munjista,  or  munjeet,  which  is  so  extensively  cultivated  in  India  and  em- 
ployed as  a  dye-stuff,  has  been,  comparatively  speaking,  very  much 
overlooked,  never  having  been  subjected,  apparently,  to  anything  but  a 
very  cursory  examination.  Professor  Runge,  at  the  close  of  his  very 
elaborate  memoir  upon  madder,  published  in  1835,  details  a  few  experi- 
ments which  he  made  upon  the  tinctorial  power  of  munjeet,  the  consti- 
tuents of  which  he  regarded  as  very  similar  to  those  of  ordinary  madder. 
Professor  Runge  stated  that  munjeet  contains  twice  as  much  available 
colouring  matter  as  the  best  Avignon  madder.  This  result  was  so  unex- 
pected that  the  Prussian  Society  for  the  Encouragement  of  Manufactures, 
to  whom  Professor  Runge's  memoir  was  originally  addressed,  referred  the 
matter  to  three  eminent  German  dyers,  Messrs.  Dannenberger,  Bohra,  and 
Nobiling.  These  gentlemen  reported,  as  the  result  of  numerous  carefully 
conducted  experiments,  that,  so  far  from  munjeet  being  richer  in  colouring 
matter  than  ordinary  madder,  it  contained  only  half  the  quantity.  This 
conclusion  has  been  abundantly  confirmed  by  the  experience  of  my  friend 
Mr.  John  Thorn,  of  Birckacre,  near  Chorley,  one  of  the  most  skilful  of 
the  Lancashire  printers.  Prom  some  incidental  notices  of  munjeet  in 
Persoz  and  similar  writers,  and  a  few  experiments  which  I  made  some 
years  ago,  I  was  led  to  suspect  that  the  colouring  matters  in  munjeet, 
though  similar,  are  by  no  means  identical  with  those  of  ordinary  madder, 
and  that  probably  the  alizarine  or  purpurine  of  madder  would  be  found  to 
be  replaced  by  some  corresponding  colouring  principle.  This  hypothesis 
I  have  found  to  be  essentially  correct;  for  the  colouring  matter  of  mun- 
jeet, instead  of  consisting  of  a  mixture  of  alizarine  and  purpurine,  contains 
no  alizarine  at  all,  but  purpurine  and  a  beautiful  orange  colouring  matter 
crystallising  in  golden  scales,  to  which  I  purpose  giving  the  name  of 
"  munjistine."  Munjistine  exists  in  munjeet  in  considerable  quantity,  and 
can  therefore  be  easily  obtained. 

The  colouring  matter  of  munjeet  may  be  extracted  in  various  ways; 
that  which  I  have  found  most  suitable  is  as  follows  : — Each  pound  of 
munjeet  in  fine  powder  is  boiled  for  four  or  five  hours  with  two  pounds 
of  sulphate  of  alumina  and  about  sixteen  of  water.  The  whole  of  the 
colouring  matter  is  not  extracted  by  a  single  treatment  with  sulphate  of 
alumina;  the  operation  must  be  repeated  therefore  two  or  three  times. 
The  red  liquid  thus  obtained  is  strained  through  cloth  filters  while  still 
very  hot,  and  the  clear  liquor  acidulated  with  hydrochloric  acid.  •  It  soon 
begins  to  deposit  a  bright  red  precipitate,  the  quantity  of  which  increases 
on  standing,  which  it  should  be  allowed  to  do  for  about  twelve  hours. 
This  precipitate  is  collected  on  cloth  filters  and  washed  with  cold  water 
till  the  greater  portion  of  the  acid  is  removed.  It  is  then  dried,  reduced 
to  fine  powder,  and  digested  in  a  suitable  extracting  apparatus  with 
boiling  bisulphide  of  carbon,  which  dissolves  out  the  crystallisable  colour- 
ing principles  of  the  munjeet,  aud  leaves  a  considerable  quantity  of  dark- 
coloured  resinous  matter.  The  excess  of  the  bisulphide  of  carbon  having 
been  removed  by  distillation,  the  bright  red  extract,  consisting  chiefly  of 
a  mixture  of  munjistine  and  purpurine,  is  treated  repeatedly  with  mode- 
rate quantities  of  boiling  water  and  filtered.  The  munjistine  dissolves, 
forming  a  clear  yellow  liquid,  while  almost  the  whole  of  the  purpurine 
remains  on  the  filter.  When  this  solution  is  acidulated  with  hydrochloric 
or  sulphuric  acid,  the  munjistine  precipitates  in  large  yellow  flocks.  These 
are  collected  on  a  filter  and  washed  slightly  with  cold  water .  The  precipi- 
tate is  then  dried  by  pressure,  and  dissolved  in  boiling  spirit  of  wine 
slightly  acidulated  with  hydrochloric  acid  to  remove  any  adhering  alu- 
mina. As  the  munjistine  does  not  subside  from  cold  alcoholic  solutions, 
even  when  they  are  largely  diluted  with  water,  about  three- fourths  of  the 
spirit  are  drawn  off  by  distillation,  when  the  munjistine  is  deposited  in 
large  yellow  scales.  By  two  or  three  crystallisations  out  of  spirit  in  the 
way  just  described  the  munjistine  is  rendered  perfectly  pure. 

I  have  likewise  succeeded  in  extracting  munjistine  directly  from  munjeet 
by  boiling  it  with  water,  filtering  the  solution,  which  has  a  dark  brownish- 
red  colour,  and  then  acidulating  with  hydrochloric  acid.  The  precipitate 
which  falls  is  collected  on  a  filter,  washed,  dried,  and  treated  with  boiling 
spirit  of  wine,  which  leaves  a  large  quantity  of  pectine  undissolved.  The 
munjistine  which  dissolves  in  the  alcohol  is  obtained  in  a  pure  state  by 
repeated  crystallisations  in  the  way  already  indicated.  The  first  process 
which  I  have  described  is,  however,  by  far  the  best.  The  colouring  matter 
of  munjeet  can  likewise  be  extracted  with  boiling  solutions  of  alum  ;  but 
I  find  sulphate  of  alumina  greatly  preferable,  as  the  alum,  by  its  tendency 
to  crystallise,  very  much  impedes  the  filtration  of  the  liquids.     I  likewise 


attempted  to  employ  Professor  E.  Kopp's  process  with  sulphurous  acid, 
which  gives  such  excellent  results  with  ordinary  madder,  but  I  found  it 
wholly  inapplicable  to  munjeet. 

Munjistine,  prepared  by  the  processes  described,  when  crystallised  out  of 
alcohol,  forms  golden-yellow  plates  of  great  brilliancy.  It  is  but  mode- 
rately soluble  in  cold,  but  dissolves  pretty  readily  in  boiling  water,  forming 
a  bright  yellow  solution,  from  which  it  is  deposited  in  flocks  when  the 
liquid  cools.  Saturated  solutions  almost  gelatinise.  It  dissolves  to  some 
extent  in  cold,  but  more  readily  in  boiling  spirit  of  wine,  and  is  not  pre- 
cipitated by  the  addition  of  wafer.  It  dissolves  in  carbonate  of  soda  with 
a  bright  red  colour.  In  ammonia  it  forms  a  red  solution  with  a  slight 
tinge  of  brown;  caustic  soda  produces  with  it  a  rich  crimson  colour- 
Both  its  aqueous  and  alcoholic  solutions,  when  boiled  with  alumina,  form 
beautiful  flakes  of  a  bright  orange  colour,  almost  the  whole  of  the  mun- 
jistine being  withdrawn  from  solution.  These  flakes  are  soluble  in  a  large 
excess  of  caustic  soda,  with  a  fine  crimson  colour.  Munjistine  dyes  cloth 
mordanted  with  alumina  a  bright  orange.  With  iron  mordant  it  yields  a 
brownish-purple  colour,  and  with  Turkey-red  mordant  a  pleasing  deep 
orange.  These  colours  are  moderately  permanent,  and  bear  the  applica- 
tion of  bran  and  soap  tolerably  well.  The  munjistine  sensibly  modifies 
the  colours  produced  by  munjeet,  giving  the  reds  a  shade  of  scarlet,  as 
has  been  long  observed. 

Commercial  nitric  acid  dissolves  munjistine  with  a  yellow  colour,  but 
does  not  appear  to  decompose  it  even  on  boiling.  Fuming  nitric  acid 
(1*5)  dissolves  munjistine  in  the  cold,  and  on  application  of  heat  decom- 
poses it,  no  oxalic  acid  being  produced.  It  readily  dissolves  in  cold  sul- 
phuric acid  with  a  bright  orange  colour ;  and  the  solution  may  be  heated 
nearly  to  boiling  without  blackening  or  giving  off  sulphurous  acid  ;  it  is 
reprecipitated  by  water  in  yellow  flocks  apparently  unaltered.  When 
bromine  water  is  added  to  a  strong  aqueous  solution  of  munjistine,  a  pale 
coloured  floceulent  precipitate  is  immediately  produced ;  this  when  col- 
lected on  a  filter,  washed  and  dissolved  in  hot  spirit,  furnishes  minute  tufts 
of  crystals,  evidently  a  substitution  product.  I  may  remark,  in  passing, 
that  when  alizarine  is  treated  with  bromine  water  in  a  similar  way,  it  also 
forms  a  substitution  product  crystallising  in  needles.  I  am  at  present 
engaged  in  the  examination  of  both  these  compounds. 

When  munjistine  is  strongly  heated  on  platinum  foil,  it  readily  inflames 
and  leaves  no  residue;  when  it  is  carefully  heated  in  a  tube,  it  fuses,  and 
crystallises  again  on  cooling.  It  sublimes  more  readUy  than  either  pur- 
purine or  alizarine,  forming  golden  scales  which  consist  apparently  of  un- 
altered munjistine,  as  they  give  the  characteristic  rich  crimson  colouration 
with  caustic  alkalies.  Baryta  water  produces  a  yellow  precipitate  with 
munjistine.  Acetate  of  lead  throws  down  a  bright  crimson  precipitate, 
both  in  its  aqueous  and  alcoholic  solutions.  I  expect,  from  this  and  the 
bromine  substitution  compound,  very  shortly  to  ascertain  the  atomic 
weight  of  this  body ;  in  the  mean  time  I  submit  the  results  of  its  ultimate 
analysis. 

I.  -314  grm.  of  munjistine  yielded  -732  grm.  of  carbonic  acid  and  -106 
grin,  of  water. 

II.  -228  grm.  munjistine  yielded  -535  grm.  carbonic  acid  and  '0765  grm. 
water. 

I.  II. 

C  per  cent.  63-6  64-0 

H        „  3-77  3-73 

0        „        32-63  32-27 


100-00 


10000 


The  munjistine  operated  upon  in  each  case  was  prepared  at  different 
times ;  moreover,  No.  1  was  burnt  with  oxide  of  copper,  No.  2  with  chro- 
mate  of  lead. 

Munjistine  in  some  of  its  properties  bears  considerable  resemblance  to 
Runge's  madder-orange,  the  "rubiacine"  of  Dr.  Schunck;  it  is,  however, 
essentially  different  from  rubiacine,  both  in  several  of  its  properties,  such 
as  its  solubility  in  water  and  alcohol,  &c,  and  in  the  amount  of  its  car- 
bon— rubiacine,  according  to  Dr.  Schunck's  analysis,  containing  67'01  per 
cent,  of  that  element,  while  munjistine  contains  only  64.  The  spectra 
afforded  by  solutions  of  the  two  substances,  as  may  be  seen  from  the  fol- 
lowing extract  from  a  letter  received  from  Professor  Stokes,  are  decidedly 
different : — 

"The  two  substances  are  perfectly  distinguished  by  the  very  different 
colour  of  their  solution  in  carbonate  of  soda,  when  a  small  quantity  only 
of  substance  is  used.  The  solution  of  munjistine  is  red  inclining  to 
pinkish  orange,  that  of  rubiacine  a  claret-red.  The  tints  are  totally 
different,  and  indicate  a  different  mode  of  absorption.  Both  present  a 
single  minimum  in  the  spectrum ;  but  while  that  of  rubiacine  extends 
from  about  D  to  P,  that  of  munjistine  extends  from  a  good  way  beyond 
D  to  some  way  beyond  P.  The  beginning  and  end  of  the  band  in  each 
case  is  not  very  definite,  and  varies  of  course  with  the  strength  of  the 
solution ;  but  by  comparing  the  substances  with  different  strengths  of 
solution,  there  can  be  no  doubt  of  the  radical  difference  in  the  position  o 
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the  band  of  absorption.  In  this  way  it  is  easy  to  convince  oneself  that  the 
difference  of  colour  is  not  to  be  explained  by  the  possible  admixture  of  some 
small  impurity  present  in  one  or  other  specimen.  With  caustic  potash 
munjistine  give3  as  nearly  as  possible  the  same  colour  as  rubiacine,  agreeing 
with  the  colour  of  rubiacine  in  carbonate  of  soda.  There  appears  to  be  a 
slight  difference  in  the  spectrum  of  the  munjistine  and  rubiacine  solutions, 
but  not  enough  to  rely  on ;  so  that  the  substances  are  not  to  be  distin- 
guished by  their  solutions  in  caustic  alkalies. 

"  A  second  perfectly  valid  distinction  is,  however,  afforded  by  the 
different  colour  of  the"  fluorescent  light  of  the  ethereal  solutions.  The 
solid  substances  themselves  and  their  ethereal  solutions  are  fluorescent  to  a 
considerable  degree;  but  the  tint  of  the  fluorescent  light  of  the  ethereal 
solution  of  rubiacine  is  orauge-yellow,  while  that  of  the  ethereal  solution 
of  munjistine  is  yellow  inclining  to  green.  The  examination  in  a  pure 
spectrum  shows  that  the  difference  is  not  due  to  the  admixture  of  a  small 
imparity,  itself  yielding  a  fluorescent  solution  ;  but  the  tints  may  be 
readily  contrasted  by  daylight,  almost  without  apparatus,  by  the  method 
I  have  described  in  a  paper '  On  the  existence  of  a  second  crystallisable  fluo- 
rescent substance  in  the  bark  of  the  horse-chesnut.'  (Quarterly  Journal  of 
the  Chemical  Society,  vol.  ii.  p.  20).  I  consider  either  of  the  two  points 
of  difference  I  have  mentioned  sufficient  by  itself  to  establish  the  non- 
identity  of  munjistine  and  rubiacine."* 

The  purpurine  which  I  succeeded  in  extracting  from  munjeet,  and  in 
purifying  from  munjistine  in  the  way  already  described,  formed  beautiful 
dark  crimson  needles,  having  all  the  usual  properties  of  that  substance. 
When  examined  by  Professor  Stokes,  they  gave  the  vfiry  characteristic- 
spectra  of  purpurine. 

'3285  grm.  of  purpurine  gave  "8005  grm.  carbonic  acid  and  -1050  grm. 
water. 

Analysis. 

i \ 

Funnel.  Debus  (mean). 

C 66-67  66-46  66-40 

II    3-70  3-55  3-8  i 

0 2963  2999  2974 


Kmoo 


10000 


l.iuvo 


Prom  the  results  abovedetailed  there  can  therefore  be  no  doubt  that  the 
colouring  matter  of  munjeet,  as  already  stated,  consists  of  purpurine  and 
munjistine. 

I  cannot  conclude  this  preliminary  notice  without  acknowledging  the 
essential  services  I  have  received  from  Professor  Si  ekes,  who  kindly  sub- 
mitted the  ditfeier.t  products  obtained  by  me  to  optical  examination. 
Though  it  is  plain  that  a  substance  optically  pure,  that  is,  containing  no 
impurities  affecting  the  spectrum,  may  atill  be  far  from  being  chemically 
troscope  IS  extremely  useful  in  indicating  admixtures  of 
kindred  substances  of  verj  similar  properties,  having  a  great  affinity  for 
each  other,  and  therefore  not  readily  separable.  I  feel  certain,  therefore, 
that  if  Professor  Stokes  would  draw  up  a  short  treatise,  embodying  hi>  ex- 
tensive and  accurate  observations  en  the  spectra  of  the  colouring  matters 
and  similar  substances,  lie  would  confer  a  great  boon  on  the  cultivators  of 
organic  chemistry. 


Since  the  preceding  paper  was  communicated  to  the  Royal  Society,  I 
have  been  enabled  to  examine  the  action  of  nitric  acid  on  liiunjistinc  much 
more  fully.     When  munju  geited  with  moderately  strong  nitric 

acid,  as  already  stated,  copious  fumes  are  given  off,  the  munjistine  gradu- 
ally dissolving   and  forming  a  colourless  solution.    When  this  is  evaporated 

to  dryness  on  the  water-bath,  a  white  crystalline'  mass  is  obtained,  consist' 
ins  almost  entirely  of  phtbalic  acid  contaminated  with  a  small  quantity 

Only  of  oxalic  aeid.  'file  oxalic  acid  may  In'  easily  removed  by  Washing 
the  mass  with  a  little  cold  water  and  then  pressing  between  folds  of  hihit- 
lOUS paper,  or  by  neutralising  the  mixture   of  the  two  acids  with   lime  and 

then  treating  with  boiling  water,  which  dissolve  tb.'  phtbalate  of  lime. 

The  acid  freed  from  oxalic  aeid  by  either  of  these  methods  presents  all 
the  usual  reactions  of  phtbalic  aeid.  One  of  the  most  convenient  ways  of 
purifying  it  consists  in  subliming  it  repeatedly  in  a  Mohr's  apparatus, 
when  the  anhydrous  add  IS  obtained  in  beautifully  white  iridescent  four- 
sided  pri-ms,  frequently  several  Inches  in  length,  .'!7 16  grm.  of  the  crystals 
t?f  the  anhydride,  burnt  with  chromate  oi  lead,  gave  -s:ii  grm.  carbonic 

acid  and  '096 grm.  of  water. 

Tie  Kspt.                                    Laurent, 

C, 96      64-86  !•■■  89  64-88      64-70 

II,  I       2-70  L'M  2-71       2-:i8 

.>„..       is             82-44  8*41              82-92 

From  this  result   it   is  evident  that   the  aeid   chiefly  produced  by   the 


•  I  may  mention  that  the  rubiacine  which  Professor  Stokes  examined   wai 
prepared  by  Dr.  Schunck  himself. 


actions  of  nitric  aeid  upon  munjistine  is  phtbalic  aeid,  which,  as  is  v.  ell 
known,  may  also  be  procured  from  alizarine  and  purpurine.  This  reaction, 
therefore,  indicates  a  very  close  relationship  between  these  three  substances, 
the  only  true  colouring  principles  of  madder  with  which  we  are  at  present 
acquainted. 
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XOTE  OX  SOME  METAMOKPHOSES  OF  OXALIC  ACID. 

Bt  Aktiui;  II.  Church,  B.A. 

"When  oxalate  of  sodium  is  submitted  to  the  action  of  sodium-amalgam  in 
presence  of  water,  some  interesting  effects  ensue.  If  the  action  be  not  accelerated 
by  elevation  of  temperature,  and  the  amount  of  salt  employed  be  large,  a  partial 
reduction  only  of  the  oxalic  acid  takes  place,  in  accordance  with  the  equation — 

CgHgOj  +  II;  =  C;H404 
Oxalic  acid.  Glyoxylic  acid. 

A  more  ready  method  of  attaining  the  same  result  is  found  in  the  reaction  of 
zinc,  oxalate  of  zinc,  and  sulphuric  acid.  A  large  quantity  of  oxalate  of  zinc 
is  placed,  together  with  a  few  pieces  of  pure  zinc,  in  a  beaker,  the  mixture 
covered  with  water,  and  dilute  sulphuric  acid  added  very  slowly,  drop  by  drop. 
Milk  of  lime,  in  very  slight  excess,  having  been  added,  together  with  much 
water,  and  the  mixture  warmed,  the  whole  was  filtered,  saturated  with  carbonic- 
acid,  again  warmed,  and  filtered.  The  filtrate  deposited,  on  cooling,  some 
quantity  of  fine  needle-shaped  crystals  ot  glyoxylate  of  calcium.  This  salt  re- 
I  about  160  parts  of  cold  water  for  solution.  Calcium  and  water  determi- 
nations suggested  for  this  salt  the  formula — 

C;HCaO:|.H.;0, 

while  a  series  of  careful  qualitative  experiments  proved  the  identity  of  the  aciif 
of  which  it  was  the  calcium  compound  with  Debus's  glyoxylic  acid.  A  larger 
yield  of  this  product  is  obtained  if,  in  the  process  just  given,  the  use  of  lime  be 
her  omitted,  the  glyoxylic  acid  being  extracted  directly  by  means  of  ether 
from  the  concentrated  and  acidified  solution  of  the  mixed  zinc-salts  first  formed. 
The  syrupy  etherial  solution  is  treated  with  carbonate  of  calcium,  and  the 
various  calcium-salts  thus  made  are  separated  by  the  method  of  Debus. 

When  lime-water  was  added  to  the  solution  of  tie  ...  white  powder- 

fell,  agreeing  in  its  amount  of  calcium  with  the  formula — ■ 

CaCaaOj, 

riing,  when  boiled  for  s:,me  time  with  wafer,  the  follow  ing  change— 

-C.d !,.(),  +  II.O  =  Cdl-O,  -  CsH403. 
Glyoxylic  acid.  Oxalic  acid.    Glycolliv  add. 

This  transformation  of  oxalic  acid  into  glycollic  acid  has,  however,  been  pre- 
viously accomplished.  Under  the  name  of  ozonic  acid.  F.  Schulze  has  described 
one  of  the  products  obtained  by  acting  upon  oxalic  acid  with  sine  in  presence  of 
sulphuric  acid.     Schulze,  indeed,  in  all  probability,  thus  obtained  glyoxylic  acid  : 

but  his  method  of  eliminating  the  new  product  "f  the  react  i  ".  by  ebullition  of 

the  zinc -alts  with  excess  of  milk  of  lime,  in-.-.- — avily  destroyed  the  glyoxylate 
first  formed,  producing  oxalate  and  glycollate,  as  Btated  above.      But  it  we  adopt 

Schulze's  pl.m,  and  instead  of  moderating  in  every  way  the  reducing  action  in 
the  experiment  under  review,  we  exalt  its  energy  in  even  way,  then  glycollic 
acid  is  the  chief  product.    The  method  o&  procedure  in  this  case  may  he  thus 

modified: — Into  a  retort  containing  a  large  quantity  of  zinc  and  dilute  sulphuric 
acid,  and  heated  by  a  lamp,  small  quantities  of  oxalic  aoid  are  introduced  from 
lime  to  time.      When  the  desired  quantity  of  acid  Ii  is  heen  added,  a  lirisk  cvolu- 

if  hydrogen  is  maintained  tor  seme  Lours,  and  the  liquid  boiled  with  excess 
of  zinc  till  the  acids  present  are  saturated.     Excess  of  slaked  lime  having  been 

added  to  the  mixed  salts,  the  whole  is  to  In    -annate  1  with  LI  id.  boiled, 

and  filtered.    This  filtrate,  on  concentration,  deposit*  abundance  of  glycollate 

of  Calcium,  in  concentric  tufts  of  fine  Crystals.  Analysis  and  qualitative  experi- 
ments confirmed  the  identity  of  the  formula  ofthis  salt — 

C  HaCaOj  +  ap 
But  in  the  mother  liquor  from  which  the  glyoollate  had  fa  i,  another 

calcium-salt    WBI   contained.     This   salt    was   exce-MVely    soluble    in    water,  thus 

differing  from  the  oxalate,  the  glyoxylate,  and  the  glycollate  of  calcium.    When 

to  its  warm  syrupy  solution  an  exactly  equivalent  quantity   ot  lulphurio  aoid 

idded,  and  the  sulphate  of  calcium  separated,  star-shaped  clusters  of  crystals 

tilled    the    filtrate.      Further    examination    proved    these   crystals    to    he  an  acid. 

A-  f.o  is  th.-  -mall  quantity  of  thi~  substance  at  my  disposal  permitted,  I  have 
.ned  tome  of  it-  properties  and  its  probable  composition. 

This    acid    is    soluhle    in    water,   and    readily    .  rv-l  alli-al.le.      From  its  boiling 

aqueous  solution,  it  evaporates  slowly,  with  a  peculiar  faint  odour.  It  melts 
above  l < m >  c.    Its  lime  -ah  (the  only  one  yii  made)  is  vei    soluble  in  oold 

water,  and  coiil'iiscdh  OTJ  stalline.  A  OOmbuStion  "!  tllil  "id  di  led  OVet  sulphuric 
acid  indicated  the  formula — 

C  ii 

while  a  calcium  determination  in  the  salt  of  thai   metal  gave  numbers  nearly 

agreeing  with  tin-  formula 

''II  t '.,.>.  v  a,,. 

If  the  preliminary  examination    of  these   substances    has    con  ducted    me   fo  u 

:  conclusion,  and  I  am  right  iii  supposing  th.-  last-mentioned  acid  t..  b 
tin-  formula  assigned  to  it,  «e  nave  a  new  is. ;  icid,  differing  remark- 
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ably  from  that  body  in  several  particulars.  The  series  of  reduction-products  of 
oxalic  acid  will  stand  thus  : — 

Oxalic  acid    =  C2H204,  which  —  0  gives 

Glyoxylic  acid  =  C2H20:!,  which  +  H2  gives 

Glycoilic  acid    =  C0H4O3,  which  —  0  gives 

New  acid  C2H402. 

By  addition  of  H2  to  the  last  term,  glycol,  C2He02,  might  perhaps  be  formed. 

The  existence  of  a  body  C2H402  has,  I  find,  been  predicted  by  Professor 
Kekule.  He  gives  the  following  table  (LeJtrbuch  der  Orqanischen  Chemie, 
Bd.  ii,  s.  18)— 

Monatomic  series  : — 

C2H60  C2H402  C2H40 

Alcohol.  Acetic  acid.  Aldehyde. 

Biatomic  series : — 

C2H„02  C2H403  C2H204 

Glycol.  Glycoilic  acid.  Oxalic  acid. 

C2H402  C3H203  C2H202 

(Unknown.)  Glyoxylic  acid.  Glyoxal. 

It  is  thus  clearly  shown  how  a  monatomic  alcohol,  losing  H2,  yields  one  alde- 
hyde, and  this,  gaining  0,  yields  one  acid ;  while,  on  the  other  hand,  a  triatomic 
alcohol,  by  losing  H2  or  2H2  yields  two  aldehydes,  and  each  of  these,  by  gaining 
O,  yields  another  acid.  The  new  acid  may  thus  be  the  missing  first  aldehyde  of 
glycol,  of  which  glyoxylic  acid  may  be  regarded  as  the  second. 

It  will  not  be  unreasonable  to  expect  corresponding  results  from  the  action  of 
nascent  hydrogen  on  the  homologues  arid  analogues  of  oxalic  acid,  and  the  acid 
and  neutral  ethers*  of  these  acids. 

I  have  commenced  a  few  experiments  in  this  direction  also. 

Succinic  acid,  after  the  prolonged  and  energetic  action  of  nascent  hydrogen, 
as  above  described  in  the  case  of  oxalic  acid,  suffers  a  similar  change.  I  have  not 
endeavoured  to  moderate  the  action  so  as  to  form  the  intermediate  or  butyloxylic 
acid,  but  have  pushed  it  to  the  extreme,  so  that  butylactic  acid  might  be 
obtained. 

The  operation  was  performed  in  a  retort ;  towards  its  conclusion  a  powerful 
odour,  resembling  that  of  butyric  acid,  was  noticed  in  the  aqueous  distillate. 
The  mixture  of  zinc-salts  in  the  retort  was  evaporated,  sulphuric  acid  added  in 
excess,  and  the  liquid  shaken  up  with  ether.  From  this  ethereal  solution 
(besides  some  unchanged  succinic  acid)  a  deliquescent  acid  was  obtained,  the 
properties  and  salts  of  which  agreed  completely  with  those  of  the  butylactic 
acid  of  Wurtz.  I  have  likewise  submitted  suberic  and  phthalic  acids  to  the 
above-described  treatment,  and  the  reactions  promise  interesting  results.  But 
the  products  of  these  reactions,  obtained  only  very  recently  await  further 
purification  and  analysis;  and  it  would  be  altogether  premature  to  express 
any  opinion  as  to  their  composition. 


DR.  JOHN  STENHOUSE,  F.R.S.,  ON  LABIXINIC  ACID,  A  CRYSTAL- 
LISABLE  PRINCIPLE  POUND  IN  THE  BARK  OP  THE  LARCH 
TREE  (Pijfus  Lakix,  Linn.)f 

The  most  convenient  way  of  preparing  this  somewhat  singular  substance  con- 
sists in  cutting  the  bark  of  the  larch  into  small  pieces,  and  then  digesting  it  in 
water  for  twenty-four  hours  at  a  temperature  of  about  80°  C.  The  solution, 
which  has  a  deep  reddish-brown  colour,  is  then  poured  off  on  to  a  second  portion 
of  larch  bark  and  digested  as  before.  The  concentrated  infusion  is  then  cautiously 
heated  in  an  open  porcelain  dish,  at  the  temperature  of  about  80°  C,  till  it  is 
converted  into  a  syrup.  A  portion  of  this  syrup  is  then  distilled,  either  in  glass 
or  porcelain  retorts,  or,  what  is  better  than  either,  in  a  silver  alembic.  Iron 
retorts  cannot  be  employed  for  this  purpose,  as  the  acetic  acid  which  is  always 
produced  during  distillation,  by  forming  acetate  of  iron,  instantly  destroys  the 
larixinic  acid,  changing  it  into  a  deep  purple-coloured  liquid.  When  a  silver 
alembic  cannot  be  procured,  a  very  convenient  way  of  distilling  the  extract  of 
the  larch  is  to  pour  it  into  a  large  Florence  flask,  the  neck  of  which  is  passed 
obliquely  through  a  cork  or  bung,  inserted  into  a  glass  condenser.  When  the 
flask  is  cautiously  heated  on  a  sand-bath,  the  larixinic  acid  comes  over  with  the 
first  portions  of  the  liquid,  but  becomes  more  abundant  as  the  distillation  pro- 
ceeds, and  usuallj'  forms  large  flat  crystals  which  condense  on  the  sides  and  neck 
of  the  receiver.  The  liquid  which  is  distilled  over,  and  which  contains  the 
greater  portion  of  the  larixinic  acid,  should  be  poured  into  small  flat  basins,  and 
cautiously  concentrated  at  about  60°  C.  When  the  greater  portion  of  the  water 
has  been  dissipated,  it  is  advisable,  especially  in  warm  weather,  to  complete  the 
operation  by  spontaneous  evaporation  ;  for  unless  the  concentration  of 
the  aqueous  solution  of  larixinic  acid  is  conducted  cautiously,  the  larixinic 
acid  volatilises  along  with  the  vapour  of  water,  and  is  thereby  lost.  The  highly 
concentrated  solution  of  larixinic  acid  obtained  in  the  waj'  just  described, 
deposits,  on  standing,  brownish-yellow  crystals,  which  are  impure  larixinic  acid. 
This  is  to  be  pressed  between  folds  of  blotting-paper,  and  re -crystallised  from  a 
small  quantity  of  water.  The  larixinic  acid  may  be  rendered  perfectly  pure  by  sub- 
liming it  once  or  twice.  This  is  easily  effected  by  placing  the  larixinic  acid 
between  two  watch-glasses,  or  in  any  other  suitable  apparatus,  and  heating  it 
cautiously  on  a  sand-bath,  or  even  on  a  water-bath,  as  it  sublimes  at  the  very 
low  temperature  of  93°  C.  The  larixinic  acid  is  a  proximate  principle,  which 
exists  ready  formed  in  the  larch.  This  is  easity  proved  by  distilling  even  a  dilute 
infusion  of  the  bark,  when  the  liquid  which  passes  over  will  be  fouud  to  strike  a 
deep  purple  colour  with  a  persalt  of  iron,  which  is  very  persistent.  The  bark 
of  old  larch  trees  contains  very  little  larixinic  acid  ;  but  the  bark  of  the  small 


branches,  and  that  of  the  stems  of  the  larch,  when  not  more  than  from  twenty 
to  thirty  years  of  age,  contains  very  considerable  quantities  of  this  substance, 
the  concentrated  syrup  from  the  portions  of  bark  yielding  more  larixinic  acid 
than  an  equal  weight  of  catechu  does  of  oxyphenic  acid.  Larixinic  acid,  after 
it  has  been  purified  by  sublimation,  forms  beautifully  white  crystals,  often  more 
than  an  inch  in  length,  of  a  brilliant  silvery  lustre,  very  much  resembling  benzoic 
acid  in  appearance.  They  sublime  at  93°  C,  and  melt  at  153°  C,  but  the  aqueous 
solutions  volatilise  at  ordinary  temperatures.  I  am  indebted  to  the  kindness  of 
Professor  W.  H.  Miller,  of  Cambridge,  for  the  subjoined  measurements  of  the 
crystals  of  larixinic  acid. 

"  The  crystals  obtained  by  sublimation  become 
rough  so  rapidly  when  exposed  to  the  air,  that  very 
little  confidence  can  be  placed  in  the  following 
results  : — 

"  The  crystals  belong  to  the  oblique  system :  they 
usuall  occur  in  twins,  like  the  annexed  figure.  They 
are  extremely  thin  in  a  direction  perpendicular  to  b. 
Denoting  by  I,  m,  n  faces  in  the  zone  a  b,  and  by  ;• 
a  face  in  the  zone  b  c,  it  appears  that  tan  b  1,  tan 
b  m,  tan  b  n  are  nearly  as  the  numbers  2,  3,  G,  and 
that  a  b  =  90°  0',  bc  =  90°  0',  a  c  =  76°  0',  b  I  = 
49°  29',  b  m  =  60°  20',  b  u  =  74°  6',  br  =  75°  30'. 
Cleavage  a  distinct,  c  imperfect. 

"  The  crystals  of  larixinic  acid  crystallised  from 

water   are  very  imperfect ;     the   angles    must    be 

regarded  as  very  rough  approximations.     They  are 

deduced,  as  well  as  I  could  deduce  them,   from  a 

mean  of  a  considerable  number  of  observations  by 

110  means  agreeing  with  each   other.     The   angle 

between  the  normals  to  two  faces  is  taken  as  the  measure  of  the  angle  between 

the  faces. 

"  Oblique  : — 

1  0  0,   1  0  1     =     26°  22'  B      , 

0  1  0,    1  1  1     =     74°  36' ;  0  0  1,  1  0  1     =     41°  20  . 

"  Forms  observed : — 

0  1  0,  0  0  1.  1  1  0,  0  1  1,  0  2  3. 

Angles. 
1  1  0,  0  0  1  =  71°  58' 
1  0  1,  1  1  0  =  69°  35' 
0  1  0,  0  1  1  =  59°  37' 
0  10,  0  2  3  =  68°  39' 
0  1  0,  0  0  1  =  90°    0 

"  Cleavage  0  0  1  distinct,  and  very  easily  obtained." 

The  smell  of  the  aqeous  solution  of  larixinic  acid  is 
sweetish,  like  that  of  a  syrup,  but  the  smell  of  the 
sublimed  acid  is  very  peculiar  and  slightly  einpy- 
reumatic.  As  larixinic  acid  emits  a  sensible  odour  at 
ordinary  temperatures,  it  bears  in  this  respect  a  con- 
siderable resemblance  to  napthaline  and  ordinary  cam- 
phor. The  taste  of  larixinic  acid  is  slightly  bitter  and 
astringent.  It  reddens  litmus  paper  very,  slightly, 
but  a  single  drop  of  potash  or  ammonia,  when  added 
to  a  solution  of  a  large  quantity  of  larixinic  acid, 
renders  it  alkaline.  Larixinic  acid  is  very  soluble  in 
boiling  water,  but  by  no  means  very  soluble  in  cold  water,  87"88  parts  of 
water  at  15°  C.  dissolving  1  part  of  the  acid  only ;  but  the  solubility  of 
larixinic  acid  in  cold  aqueous  solutions  is  greatly  increased  by  the  addition 
of  cither  acids  or  alkalies.  Larixinic  acid  is  deposited  from  its  aqueous 
solutions  in  crystals  which  are  very  brittle,  and  often  an  inch  or  two  in  length. 
It  likewise  dissolves  in  cold  alcohol,  but  to  a  mnch  greater  extent  in  hot  alcohol. 
The  crystals  deposited  from  its  alcoholic  solutions  are  thicker  and  more  dis- 
tinctly formed  than  those  from  water.  It  also  dissolves  but  sparingly  in  ether, 
and  is  deposited  in  crystals  of  very  considerable  lustre.*  The  following  are  the 
results  of  the  analysis  of  the  larixinic  acid : — • 


*  From  oxalate  of  ethyl,  M.  Lowig  has  already  obtained  in  this  way  paratartaric  acid, 
t  From  the  Philosophical  Transactions,  1863. 


Calculated  numbers. 


Found. 


I. 

II. 

\ 
III. 

C2„      = 

5714 

57-13 

57-06 

57-Oi) 

H10      == 

477 

5-04 

5-09 

5-04 

Oio      =- 

38-09 

37-83 

3785 

37-87 

From  these  results  it  is  evident  that  the  carbon,  hydrogen,  and  oxygen  in 
larixinic  acid  are  in  the  proportion  of  C2HiOi,  or  some  multiple  of  these  numbers, 
C2()Hk)Oio  being  the  numbers  we  have  adopted  as  the  more  probable. 

When  a  quantity  of  larixinic  acid  was  dissolved  in  a  great  excess  of  liquid 
ammonia,  a  yellow-coloured  solution  was  produced  ;  when  this  was  evaporated  to 
dryness,  over  sulphuric  acid  in  vacuo,  the  larixinic  acid  was  deposited  in  crystals 
which  were  nearly  unaltered.  It  gave  its  characteristic  reactions  with  salts  of 
iron,  and  when  boiled  with  milk  of  lime  gave  off  no  trace  of  ammonia.  The 
combination  which  larixinic  acid  forms  with  ammonia  is,  therefore,  so  feeble 
that  it  is  decomposed  by  the  volatility  of  the  ammonia.  In  this  respect,  there- 
fore, and  in  its  forming  no  hydrate,  larixinic  acid  closely  resembles  both  pyro- 
gallic  and  oxyphenic  acids. 

When  larixinic  acid  was  treated  with  an  excess  of  aqua  potassa^  it  very  readily 
dissolved,  forming  a  yellowish  solution.  When  dried  over  sulphuric  acid  in 
vacuo,  the  potash  combination  formed  long  fiattish  crystals  having  considerable 
lustre,  but  of  a  reddish-brown  colour.    These  crystals,   when  pressed  between 

*  The  crystals  of  larixinic  acid  catch  fire  readily,  and  burn  with  a  bright  Same,  leaving 
no  residue. 
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folds  of  blotting-paper  to  free  them  from  excess  of  potash,  aud  re-crystallised 
in  vacuo,  yielded  crystals  which  were  more  deeply  coloured  than  the  first.  This 
potash  combination  is  so  very  feeble  that  it  is  decomposed  by  carbonic  acid.  It 
contained  a  considerable  quantity  of  potash  ;  but  I  have  not  been  able  to  obtain 
it  of  a  constant  composition. 

A  solution  of  iarixinic  acid  gives  no  precipitate,  either  with  lime-water  or 
with  saccharate  of  lime.  The  behaviour  of  Iarixinic  acid  with  baryta  is  ex- 
tremely singular  and  characteristic.  When  a  solution  of  caustic  baryta  is 
added  to  a  concentrated  aqueous  solution  of  Iarixinic  acid,  the  latter  being  in 
excess  a  bulky  semi-transparent,  gelatinous  precipitate  immediately  falls,  gad  if 
the  solutions  are  concentrated,  fills  the  whole  vessel.  This  precipitate,  which 
considerably  resembles  hydrated  alumina,  is  but  slightly  soluble  in  cold  water; 
but  it  dissolves  very  readily  in  boiling  water,  from  which  it  is  again  deposited  on 
the  cooling  of  the  liquid.  This  baryta-compound  is  readily  decomposed  by  car- 
bonic acid.  "When  thrown  on  a  filter  and  washed,  the  air  being  carefully  ex- 
cluded, it  was  dried  in  vacuo  over  sulphuric  acid,  and  was  then  found  to  contain, 
as  the  mean  of  two  experiments.  34  1)2  per  cent,  of  baryta. 

A  solution  of  Iarixinic  acid  yields  no  precipitate  with  either  basic  or  neutral 
acetate  of  lead,  neither  is  it  precipitated  by  nitrate  or  amnionio-nitrate  of  silver  : 
but  when  its  solution  in  the  latter  salt  is  boiled,  the  silver  is  reduced  in  a  pul- 
verulent state.  Larixinic  acid  forms  no  precipitate  witli  pcrchloride  of  platinum, 
even  on  the  application  of  heat.  It  does  not  contain  any  nitr.i_rc.-n.  It  does  not 
reduce  oxide  of  copper  when  tried  by  Trammer  s  test.  It  dissolves  in  concen- 
trated sulphuric  acid,  but  no  conjugate  combination  is  produce  1.  as  was  ascer- 
tained by  neutralising  with  carbonate  of  baryta.  Iarixinic  acid  being  obtained 
unchanged.  When  Iarixinic  acid  is  boiled  with  a  mixture  of  hydrochloric  a  ;id 
and  chlorate  of  potassa,  it  is  decomposed,  but  without  the  formation  of  chloranile. 
When  it  is  boiled  with  a  solution  of  hypochlorite  of  lime,  no  colouration  is  pro- 
duced. It  is  readily  attacked  by  nitric  acid,  especially  when  assisted  by  heat ; 
nitrous  fumes  are  given  off,  and  oxalic  acid  i*  the  only  fixed  product,  and 
is  also  readily  attacked  by  bromine,  especially  when  assisted  by  heat. 
Abundant  vat  ours  of  hydrobromic  acid  are  given  off,  the  Iarixinic  acid  being 
entirely  destroyed  and  converted  into  an  uncrystallisable  resin.  The  salts  of 
copper  produce  an  emerald  green  colour  in  solutions  of  Iarixinic  acid,  but  no 
precipitate.  Chloride  of  manganese  produces  neither  colouration  nor  precipita- 
tion. Protosulphate  of  iron  strikes  a  brownish-red  colour  with  solutions  ". 
Iarixinic  acid,  which  acquire  a  brighter  red  colour  on  standing,  resembling 
meconate  of  iron.  Perchloride  and  persulphate  of  iron  produce  a  beautiful  purple 
dahlia  colour,  which  is  very  persistent,  ami  stands  dilution  well.  Its  reactions 
with  salt-;  of  iron  are  very  characteristic  of  Iarixinic  acid,  which  forms  an  ex- 
cellent reagent  for  the  detection  of  salts  of  iron,  even  in  very  minute  quantities. 
In  this  ,vav  the  presence  of  iron  in  tolerably  pure  sulphate  of  copper  can  readily 
etected  by  the  purple  colouration  produced.     Larixini  -  not  affect 

neutral  protonitrate  of  mercury  in  the  cold;  and  on  the  application  of  heat  no 
mercury  i~  re 

Larixinic  acid  appears  to  be  peculiar  to  the  larch  tree  :  at  least  I  have  not  been 
able  to  find  a  trace   .('  it  in  the'  hark   of  the   Spruce  fir  (J:  ■  ,  or  in  that 

of  the  Scotch  fir  ( Pinus  si/lvettris).  Larixinic  acid  evidently  belongs  to  that 
small  bstances  of  which  pyrogallic  acid  and  pyrocateohin,  the-  oxy- 

phenic  acid  of  Gerhardt,  arc  the  only  other  members  yet  known.  Larixinic  acid 
is  much  less  easily  oxydisable  than  ox.vphcnic  acid,  which  again  is  less  easily 
oxidated  than  pj  1.    Larixinic  acid  volatilises  at  a  much  lower  tem- 

perature than  either  of  tie--  tv.o  substances,  from  which  it  also  differs  in 
a  ready-  iximate  principle,  and  not  an  < 

m. — In  consequence  of  the  extremely  feeble,  if  d  ■'  doubtful, 

acid  properties  if  the  so-called  larixinic  acid,  perhaps  the  nan  Lar  would 
he  in.  .-,.-  acid  should  he 

altered  to  and   that   of  oxyphenic  acid  I  ■  ■■  the  mime 

original  o  it  by  /wee 
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At  a  monthly  meeting  of  tl  ph  Newton, 

President,  i  auditors  for  the  half-yes  I  presented  their 

report,  which  ihowed  that,  in  a  numerii  -  ciatioc 

was  in  a  prosperous  condd 

Mr.  Gettlrffe  then  rend  his  promised  P  In  Apparatus  Preven- 

tion of  Stes  .us  and  Rail  way  Accident* ;    and,  after  tome  pre- 

limit)  invention  oi 

XI.  Ai  u  known  in  I  ■  r  the 

title  ■■  Lstant 

level   feed  in   -•■  by  aul atic  means,  and  withonl   the  . 

rvkion  of  i!  fin,  :  it  might  be  termed,  con 

of  a  ratcbi  ■  instruction,  and  which  was  keyed  upon  -i  spindle 

turning  lice!-,    in  its 
Ij   on  ile-  ipindli 
and   . 
the  levers,  turned  freely  round  an  a:  is,     fie 

wheel,  which  was  furnished  with  I     -  turned  in  oppoi In 

h  other  ami  separated  hi  ah 
piece  in  the  form  of  a  fori . 
cross-rod.     In  tie-  i  irl.  was  it  :  with 

an    0| 

and  to  it  u  n  i!h 

the  surface  of  I  in-  armaturi 

Will 

.is   ill  i  .ill. I  only    diil 

into  in;  i  mtacl  thcrevi  ' :'      I '     nur1 


to  act  as  a  weight  on  the  levers  supporting  the  fork  ;  for  it  would  he  understood 
that  when  the  electric  current  was  in  circulation,  the  armature  would  be  suspended 
by  it-  adherence  to  the  electro-magnet,  and  thus  relieve  the  fork  of  its  weight.  The 
suspension  of  the  current,  on  the  contrary,  would  cause  it  to  drop  on  the  cross-piece 
connecting  the  levers,  and  thus  alter  the  gravity  of  the  fork.  It  was  those  altera- 
tions of  the  weight  on  the  tail-piere  of  the  levers  which  caused  the  fork  to  act 
upon  the  upper  or  lower  set  of  teeth  on  the  ratchet  wheel :  or,  in  other  words, 
to  open  or  shut  the  feed-cock  of  the  boiler.  It  was  necessary  that  the  fork 
should  have  continual  motion — a  kind  of  pump-handle  movement,  indeed — 
which  could  be  effected  by  a  simple  contrivance  (a  small  eccentric,  for  instance, 
attached  to  a  running  shaft  ou  the  general  machinery).  The  effect  would  be 
that  the  compound  ratchet  wheel  would  be  acted  upon  and  moved  in  one  direc- 
tion when  the  boiler  required  feeding,  and  in  the  other  when  fed  sufficiently.  If 
all  were  going  on  -.veil,  the  click  would  simply  move  over  the  blank  portion  of 
the  wheel,  and  communicate  no  motion  whatever  to  it.  Advancing  now  to  the 
general  action  of  the  contrivance,  the  reader  proceeded  to  state  that  when  the 
current  was  broken  off  from  the  electro-magnet,  the  weight  of  the  armature 
operating  upon  the  cross-piece  would  press  down  the  tail-piece  of  the  levers 
carrying  the  click,  which  latter  would  rise  and  act  with  its  lower  arm  upon  the 
ratchet  wheel.  The  consequence  would  be,  that  the  wheel  would  turn  from  left 
to  right  to  the  extent  of  one  tooth,  or  about  half  an  inch  at  each  oscillation  of 
the  levers,  until  the  blank  space  presented  itself  and  stopped  further  movement. 
This  would  be  at  a  point  when  the  wheel  had  made  one-fourth  of  a  revolution.  On 
the  other  hand,  when  the  current  was  in  circulation,  the  armature,  in  sliding 
against  the  poles  of  the  electro-magnet,  would  bring  the  plate  of  soft  iron  into 
contact  with  the  poles,  which  would  then  hold  it  firmly,  and  prevent  the  arma- 
ture descending  with  the  click  during  the  downward  oscillation  of  the  levers. 
The  tail-piece  would  thus  be  relieved,  and  not  have  to  support  any  weight  while 
the  latter  rocked  in  the  opposite  direction.  It  would  follow  that  the  upper  arm 
would  then  act  upon  the  wheel,  and  cause  it  to  turn  the  reverse  way,  i  c,  from 
right  to  left.  It  would  thus  become  evident  that  the  two-armed  click  would  act 
on  the  ratchet  wheel,  and  cause  it  to  move  in  opposite  directions,  whether  the 
electric  current  were  traversing  the  electro-magnet  or  not.  The  rising  and  falling 
of  the  float  in  the  boilers  of  stationary  or  land  engines  controls  the  electric 
current,  and  causes  it  to  circulate  or  he  interrupted  at  the  proper  times.  This 
result  is  obtained  directly  by  the  wires  which  proceed  from  the  pile  or  battery 
made  to  pass  first  to  the  float  instead  of  being  connected  immediately  to 
the  electro-magnet.  The  float  itself  was  connected  by  a  rod  with  an  index,  on 
the  lever  of  which  was  mounted  a  piece  of  wood  faced  on  one  side  with  a  brass 
plate.  On  another  piece  of  wood,  in  the  form  of  a  rooking  lever,  and  moving  on 
an  axis  was  a  second  plate  of  bras-;.  The  electric  wire  from  one  of  the  poles  of 
the  battery  was  fixed  to  the  first-named  plate,  and  the  other  end  of  the  wire, 
after  traversing  the  electro-magnet,  was  attached  to  the  other  pole  of  the  battery. 
In  order  that  the  current  might  circulate,  it  was  indispensable  that  both  plates 
should  meet,  and  from  the  peculiar  arrangement  of  the  two  metallic  plates,  they 
would  always  lie    in  contact  when   the    index  was   at    zero   dhe  normal  feeding 

point)  or  above  it,  but  the  contact  ceased  as  goon  ;i-  tin-  index  fell  below  aero. 
I. ei  it  be  supposed  that  the  feed-cock  of  the  force-pump,  iplianoe  for 

supplying  water  to  the  boiler,  was  c  0  '.ie-  spindle  of  the  ratchet-wheel : 

it  would  follow  that  the  cock  must  partake  of  the  movement  of  the  wheel,  and 
that  it  will  make  a  quarter  of  a  turn  in  one  direction  when  the  electric  current 
circulated,  and  a  quarter  of  a  turn  in  the  other  when  the  correal  was  interrupted  : 
thug  the  automaton  regulator,  which  was  sensitive  to  tho  smallest  alteration  in 
the  water  level  of  the  boiler,  was  perpetually  and  inevitably  maintaining  it  at  a 
constant  height,  and  thus  one  gres  source  of  danger  was  obviati  i.  As  an 
security,  however,  a-.-aiiist  accident  by  explosion,  a  minor  contrivance  was 
affixed  to  the  same  apparatus,  and  which  owed  its  imihir  prinoiptes. 

On  the  tide  of  one  of  the  levers  was  fastened  a  cap  with  o  gudgeon  in  its  centre. 
An  armature  resembling  thai  already  described  was  carried  by  thisoap  and  r 

on  the  gudgeon.      In  connection  will)  this  second  armature  was  placed  an  electro- 
magnet, a.-;, Inst  which  it  was  made  to  slid,-  and  press  constantly  upon  the  poles. 
still  the  index  of  the  water  gauge,  which  induced  the  circulation  or  effects  .1 
the  interruption  of  the  electric  current  ;  and  the  same  eleotriopile  or  battery, 

composed  Of  a  tingle  element,  or  Daniel's  pair,  snilieed  t"  put   ill  motion  the  two 

i-magnets.  The  electric  wire  which  proceeded  from  one  of  the  poles  of  the 
ry,  and  was  affixed  to  the  brass  plate  on  the  lever  at  the  index,  served  lor 
lie  tv.o  electro-magnets  also.  The  returning  wire  corresponding  with  that 
nbont  to  b«  described,  however,  was  fixed  to  a  third  brast  plate,  and,  oiler  tra- 
versing tin-  electro-magnet  was  attached  to  tie-  second  pole  of  tin  batterj .  The, 
I.,  (.mentioned  plate  was  arranged  in  such  a  manner  as  to  establish  a  metallic 
contact  win.  notwithstanding  the  varies 

a  the  level  oi  the  water  to  the  extent  of  nuincb  ale. v.  or  beiow  its  proper 
line,  [f  the  variation  exoeeded  these  limits,  the  current  would  he  f,  rcibh  broken. 
When  the  el  nt  was  in  circulation    that  is  to  say.  when  the  lever  was 

between  the  lin  its  of  variation  nai 1    the  armature  would  he  suspended  bj  the 

econd  electro-magnet ;  but  it  the  lei  ell  beyond  those 

the  armature,  from  the  current  I.  i,  must    tall.     In  cither  case, 

thl  taturc    belo«     t  hi  ..inn  lever 

•  if    This  :n i .in.--  men,  ;.,  .-is.  The 

.vlien   the  feed-pump  i«  out   "i  order;  when  the  electric  pile 

■  I  :    it     the  :    or    ii    si  j    i,,,, 

rapidly.    The  reader  proceeded  to  point  out  the  apnl 

iue"  to  tie-  prevent! i  rnilwaj   accideuts  bj  it  with  bni 

upon  the  wheel  ■  or  tho  i  iomo  \<  n 

it  illustrations  ol 
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VISIT   OF   THE   INSTITUTION   OP   MECHANICAL  ENGINEERS 
TO   CREWE. 

In  connection  with  the  annual  meeting  of  the  Institution  of  Mechanical 
Engineers,  held  this  year  at  Liverpool,  a  series  of  visits  have  been  paid  to 
several  engineering  establishments,  or  other  places  of  interest  in  the  neigh- 
bourhood; amongst  others,  the  large  engine  works  belonging  to  the 
London  and  North-Western  Railway  Company,  at  Crewe,  were,  on  the 
invitation  of  Mr.  John  Ramsbottom,  the  locomotive  superintendent  of  the 
line,  visited  by  about  one  hundred  and  fifty  of  the  members,  on  Friday, 
the  7th  of  August  last.  They  were  conveyed  by  a  special  train,  kindly 
placed  at  their  disposal  by  the  directors  of  the  line,  from  the  Lime-street 
Station  in  the  first  place,  to  Parkside,  about  seventeen  miles  from  Liver- 
pool, to  examine  Mr.  Ramsbottom's  patent  apparatus,  which  has  been  laid 
down  near  that  station,  for  supplying  with  water  the  tenders  of  locomo- 
tive engines  whilst  in  motion.  It  will  be  remembered  that  a  working 
model  of  this  apDaratus  was  exhibited  in  the  International  Exhibition 
of  last  year,  where  it  attracted  considerable  attention.  A  Plate  Illustra- 
tion and  detailed  description  of  the  apparatus  having  already  appeared 
in  The  Aetizak  (July,  1863),  it  will  only  he  necessary  here  to  remind 
our  readers  that  it  consists  of  a  clip  pipe  or  scoop  attached  to  the 
bottom  of  the  tender,  with  its  lower  end  curved  forward,  and  dipping 
into  the  water,  contained  in  an  open  trough  lying  longitudinally 
between  the  lines  of  rails,  at  about  the  rail  level,  so  as  to  scoop  the  water, 
and  deliver  it  into  the  tender  tank  while  running.  On  the  arrival  of  the 
train  at  Pavkside,  the  engine,  which  was  fitted  with  the  dip  pipe  and 
gearing,  was  run  several  times  over  the  trough,  in  order  that  the  mem- 
bers might,  either  on  the  tender  or  on  the  line,  witness  the  apparatus  in 
action. 

Prom  Parkside  the  train  proceeded  to  Crewe,  arriving  there  about 
noon.  These  works  consist  principally  of  a  rolling  mill  for  the  manufac- 
ture of  permanent  way  rails,  and  engine  works  for  the  manufacture  and 
repair  of  the  locomotive  stock  of  the  line.  The  latter,  first  opened 
in  the  year  1813,  in  connection  with  the  then  Grand  Junction  Line,  have 
been  extended  from  time  to  time,  to  meet  the  requirements  of  the  traffic, 
until,  with  the  rolling  mill,  they  now  cover  upwards  of  17  acres  of  ground, 
not  less  than  30,000  square  yards  of  this  being  taken  up  by  covered  or 
workshop  area  alone. 

The  visitors  were  first  conducted  by  Mr.  Ramsbottom  and  Mr.  Webb, 
bis  assistant,  to  the  rolling  mill,  where  the  operation  of  rail  making  was 
seen  in  all  its  stages,  from  the  crude  pig  iron  to  the  finished  rail,  a  number 
of  rails  being  also  rolled  in  21ft.  lengths  from  solid  ingots  of  Bessemer 
steel.  The  visitors  were  also  shown  a  collection  of  specimens  of  steel  rails 
made  at  these  works,  which  had  been  rolled,  in  some  cases,  from  the  solid 
ingot,  and  in  others  from  the  ordinary  pile,  the  body  being  composed  of 
iron  and  the  top  and  bottom  slabs  of  steel,  the  slabs  being  rolled  down, 
either  from  the  ingot  or  from  the  crop  ends  of  steel  rails.  These  speci- 
mens, from  the  fineness  of  the  grain  and  the  excellence  of  the  weld 
between  the  steel  and  iron,  were  much  admired.  It  may  be  noticed  here, 
as  a  proof  of  the  superiority  of  the  steel  rail,  that  near  the  Crewe  station 
several  lengths  of  iron  rails  were  replaced  about  two  years  ago  by  others 
of  steel,  which  are,  at  present,  but  slightly  worn,  whereas  the  original 
iron  ones  had  to  be  renewed  about  every  twelve  months,  both  webs  being 
worn  out. 

The  tilt  hammer  forge  and  mill  rolls  are  driven  by  a  pair  of  Boulton 
and  Watt's  horizontal  engines  of  150  nominal  horse-power. 

There  are,  altogether,  twenty-three  furnaces,  the  yield  of  finished  rails 
being  nearly  15,000  tons  per  annum. 

Leaving  the  rolling  mills,  the  engine  works  were  next  visited,  com- 
mencing with  the  forge,  where  the  engine  tyres,  axles,  and  heavier 
forgings,  such  as  wheel  spokes,  rim  pieces,  coupling  and  connecting  rods, 
together  with  fire-box  roof  stays  and  portions  of  the  motion  are  forged 
ready  for  the  smith  to  finish. 

Adjoining  the  forge  is  the  scrapyard,  where  a  couple  of  shearing  machines 
cut  the  scrap  into  convenient  lengths  for  "  piling,"  which  is  done  by  a 
number  of  boys  in  the  forge,  the  scrap  having  previously  passed  through 
the  cleaning  machine,  consisting  of  a  revolving  cylinder,  into  which  the 
scrap  is  thrown.  The  pile  is  afterwards  drawn  down,  faggoted,  and 
worked  up  in  the  usual  manner. 

We  here  notice  the  method  of  welding  the  wheel-spokes — required  for 
the  solid  wrought  iron  wheels — to  the  rim  pieces.  The  spoke  already 
hammered  to  shape,  and  the  outer  end  heated  to  a  welding  heat,  is  dropped 
between  a  pair  of  dies  placed  under  the  hammer  in  lieu  of  the  usual 
anvil  block,  and  held  in  a  vertical  position,  with  the  heated  end  projecting 
about  an  inch  past  the  face  of  the  dies.  On  this,  the  rim  piece,  also 
heated,  is  laid,  thetwobeingwelded  firmly  together,  and  dressed  on  the  edges 
and  rim  in  a  few  blows.  Of  the  grate  bars  used  in  the  locomotive  fire- 
boxes about  800  tonsare  usedper  annum  ;  andfor  rolling  this  and  the  smaller 
sections  of  bar-iron  there  is  a  lOin.  train  rolling  mill,  driven  by  a  double 
cylinder  horizontal  engine,  built  locomotive  fashion,   with   longitudinal 


frames  of  cast  iron  carrying  the  crank  shaft,  and  between  which  the 
cylinders  are  bolted,  the  whole  resting  on  a  stone  foundation. 

There  are  twelve  furnaces  in  the  forge  arranged  in  pairs,  the  waste 
heat  being  economised  by  vertical  boilers  fixed  between  them.  These 
boilers,  which  are  fitted  for  smoke  burning,  are  very  simple  in  arrange- 
ment, consisting  merely  of  a  cylindrical  shell  with  round  ends,  surrounded 
with  a  casing  of  brickwork,  between  which  and  the  boiler  the  flame 
passes,  the  chimney  being  carried  at  the  top  of  the  brickwork  shell. 

Passing  on  to  the  smithy,  the  attention  of  the  visitors  was  especially 
directed  to  the  method  of  forging  the  solid  wrought  iron  wheels.  The 
spokes,  with  their  attached  portion  of  the  rim,  the  forging  of  which  we 
have  already  noticed,  are  here  welded  together  at  the  butt  ends  to  form 
the  boss,  in  such  a  manner  as  will  form  a  segment  of  the  intended  wheels. 
These  segments  are  then  laid  together,  a  hoop  passed  round  the  rim,  the 
whole  tightened  up,  and  the  welding  of  the  boss  centre  completed,  thus 
forming  one  solid  mass,  independent  of  any  further  operation.  Tue  boss 
which,  from  the  ridge  shape  of  the  butt  end  of  the  spokes,  is  dished  on 
each  side,  is  then  heated  and  laid  on  the  anvil  of  a  steam  hammer.  A 
disc,  or  boss-plate,  also  heated,  being  laid  on  the  boss,  is  first  struck  by 
the  hammer  (the  head  of  which  is  of  small  diameter),  on  the  centre,  so 
as  to  curl  up  the  edges,  and  allow  the  scoria;  to  be  driven  out,  and  then 
hammered  round  the  edge  by  a  number  of  rapid  blows,  the  wheel  being 
turned  round  on  the  anvil  for  that  purpose,  the  operation  being  repeated 
for  the  other  face  of  the  boss  ;  the  whole  is  then  dressed  ready  for  the 
lathe. 

The  arrangement  of  the  hammer,  specially  adapted  ,for  the  purpose  of 
"bossing,"  consists  of  a  pair  of  cast  iron  girders,  between  which  the  steam 
cylinder  is  bolted.  These  glvders  are  carried  by  cast  iron  columns  at  the 
ends,  and  are  of  sufficient  span  to  allow  of  space  round  the  anvil  block  for 
manipulating  the  wheel.  The  hammer  weighs  about  10  cwt.,  and  is  double 
acting. 

A  similar  arrangement  is  used  for  welding  the  plates  required  for  the 
locomotive  frames.  The  circular  beirlhs,  used  for  bossing  and  heating  the 
frame  plates,  are  placed  under  the  girder  so  that  the  wheel  or  plate  can  be 
lifted  direct  from  the  fire  to  the  anvil.  To  the  framing  fire  has  been  fitted 
a  deflector,  which  can  be  raised  or  lowered  at  pleasure,  consisting  of  a 
plate  bent  down  the  middle  of  its  length  to  about  a  right  angle,  and  lined 
with  fire  bricks.  The  ends  of  the  plate  to  be  welded  are  laid  about  4in. 
apart  in  the  fire,  and  the  deflector  lowered;  the  flame  rising  from  the  fire 
strikes  the  inclined  sides  of  the  deflector,  and  is  thrown  back  on  the  top 
surface  of  the  framing  plate,  which  is  free  from  fuel,  producing  a  welding 
heat  in  a  very  short  time. 

The  forge  and  smithy  have  an  area  of  about  5000  square  yards.  There 
are,  altogether,  15  steam  hammers,  varying  from  6  to  50  Civt.,  and  over 
100  smiths'  hearths,  about  20  of  which  are  employed  in  wheel  making 
alone.  Some  idea  of  the  amount  of  work  done  may  be  gathered  from  the 
fact,  that  at  present  over  4000  tons  of  scrap  iron,  in  addition  to  the  or- 
dinary merchant  bars,  are  worked  up  annually. 

The  boiler  shop,  contiguous  to  the  smithy  and  forge,  was  next  visited. 
It  consists  of  a  main  building,-  down  the  sides  of  which  the  boilers  in 
course  of  erection,  and  the  bending  rolls,  punching,  shearing,  and  other 
machines,  are  arranged,  the  whole  being  traversed  from  end  to  end  over- 
head by  a  travelling  crane.  The  smiths'  hearths,  steam  rivetting  machine, 
and  the  tender  tank  shop  occupy  wings  at  each  end,  while  in  the  ad- 
joining yard  are  placed  the  plate  heating  furnace  and  bending  blocks  and 
in  addition  to  the  manufacture  of  tender  tanks,  ordinary  repairs,  and 
other  work,  over  120  locomotive  boilers  are  turned  out  per  annum  from 
this  department. 

The  travelling  crane  already  referred  to  was  the  chief  point  of  attrac- 
tion, and  was  minutely  examined  by  the  visitors.  It  consists  of  transverse 
hollow  or  box  girders  of  plate  iron,  at  the  ends  of  which  are  fixed  the 
carrying  wheels.  The  longitudinal  roadway  is  made  of  the  ordinary  per- 
manent way  rail,  carried  by  cast  iron  brackets  bolted  to  the  side  walls, 
the  crab  running  on  rails  rivetted  on  the  top  web  of  the  transverse  girders. 
The  method  of  driving  is  an  arrangement  of  Mr.  Ramsbottom's,  first 
adopted  in  this  crane,  but  which  he  has  since  carried  out  to  a  greater  ex- 
tent in  other  parts  of  the  works.  It  consists  of  an  endless  cotton  cord  of 
small  diameter,  and  very  light,  driven  at  a  high  velocity,  and  running 
down  the  ship  on  grooved  slippers  or  guides,  pulleys  being  dispensed  with. 
From  this  cord,  which  in  its  course  is  carried  across  the  traverser,  all  the 
motions  are  taken.  Attached  to  the  crab,  and  under  the  control  of  the 
attendant,  is  a  sliding  bar  carrying  two  pulleys,  between  which  the  cord 
runs ;  by  this  means  he  is  enabled  to  deflect  the  cord,  and  press  it  into 
grooves  cut  in  the  edge  of  a  horizontal  wheel,  the  motion  thus  communi- 
nicatid  being  afterwards  reduced  through  a  train  of  worm  and  spur  wheels 
to  the  chain  barrel.  The  reverse  movement  is  obtained  when  the  cord 
is  applied  on  the  opposite  side  of  the  wheel,  and  a  second,  or  quick  speed, 
by  means  of  another  groove  of  less  diameter  cut  in  the  same  wheel.  The 
cross  and  longitudinal  motions  are  worked  in  a  similar  manner.  This 
crane  lifts  a  weight  of  6  tons  at  the  rate  ot  4ft.  6in.,  while  moving  across 
and  down  the  shop,  at  the  rate  of  50ft.  per  minute. 
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Passing  on  to  the  fitting  and  turning  shop,  the  various  details  of  loco- 
motive work  were  seen  in  process  of  manufacture,  from  the  forged  to  the 
finished  state,  there  heing  nearly  200  machines  of  all  descriptions,  from 
the  small  bolt  lathe  or  nut-cutting  engine  to  the  cylinder  boring  mill. 
The  engine  cylinders  are  here  bored  in  pairs,  the  different  machines  being 
so  arranged  as  to  be  within  the  range  of  a  wrought  iron  jib  crane  placed 
near  them.  After  planing,  the  cylinders  are  removed  to  a  template,  con- 
cisting  of  a  base  plate  carrying  cast  iron  standards,  between  which  the 
cylinders  are  dropped,  the  bolt  holes  in  the  cylinder  flanehes  being  marked 
off  corresponding  holes  in  the  standards,  such  accuracy  of  work  being  thus 
obtained  as  to  allow  of  damaged  cylinders  being  replaced  by  others  in  a 
finished  state,  without  any  additional  fitting,  and  which  has  been  done  in 
several  instances.  After  the  bolt  holes  have  been  marked  and  drilled,  the 
cylinders  are  fitted  with  steam  chest  covers,  glands,  &c,  and  bolted 
together.  The  lifting  and  moving  about  of  the  cylinders  in  this  stage  of 
the  work  is  effected  by  means  of  a  long  shaft  overhead,  from  which  chains 
are  suspended  at  the  different  points  required,  the  cylinder  or  other  object 
bein°'  raised  or  lowered  by  the  revolution  of  the  shaft,  which  can  be 
started  or  stopped  at  pleasure.  We  notice  this  as  a  good  example  of  a 
cheap  and  serviceable  crane,  where  power  is  applied  at  different  poiuts. 

This  shop  is  also  fitted  with  a  number  of  auxiliary  tools,  specially  de- 
signed by  Mr.  Ramsbottom  for  these  works ;  amongst  others  we  remarked 
a  machine  for  squaring  bolt  holes  in  cylinder  covers,  pipe  flanehes,  glands, 
&c.  This  machine,  which  is  simple  in  arrangement,  consists  merely  of  an 
■upright  girder,  to  which  is  bolted  a  long  socket.  In  this  socket  slides  a 
vertical  forcing  ram,  with  the  end  recessed  to  receive  the  point  of  a  taper- 
toothed  drift,  the  entering  end  of  which  fits  the  hole  to  be  squared.  The 
cover  flanch,  or  other  object,  is  carried  by  a  table  bolted  to  the  upright. 
The  machine  is  driven  in  the  usual  way,  and  forces  the  drift  through  at 
one  stroke  of  the  ram. 

The  short  copper  bolts  used  to  stay  together  the  inner  and  outer  shells 
of  locomotive  fire-boxes,  after  being  cut  to  length  in  the  boiler  shop,  are 
here  straightened  and  centred  at  each  end.  The  tool  used  for  thi3  purpose 
consists  of  three  rollers,  one  of  which  is  movable  on  an  eccentric  spindle, 
so  as  to  allow  of  the  bolt  being  dropped  in  between  them,  when  the 
movable  roller  forces  it  into  contact  with  the  other  two,  while  a  pair  of 
square  centres  are  simultaneously  brought  to  bear  on  the  ends.  The  stay 
thus  straightened  and  centred  is  dropped  out  underneath,  and  is  found 
sufficiently  true  to  allow  of  its  being  chased  in  the  lathe  without  further 
preparation. 

Several  other  tools,  which  our  space  doe3  net  admit  us  to  describe,  also 
attracted  the  attention  of  the  visitors,  who  minutely  examined  them,  and 
other  features  of  interest  in  this  department. 

Leaving  the  fitting  shop,  and  passing  in  the  adjoining  yard  the  tyre 
furnace  and  beuding  mill,  the  spring  smithy,  which  is  fitted  with  furnace 
and  machinery  for  the  manufacture  of  the  locomotive  engine  and  other 
springs  used  by  this  department,  was  next  visited. 

The  steel  from  which  the  engine  springs  are  made  is  received  in  long 
bars,  which  are  first  cut  by  a  small  shearing  machine  into  plates  of  the 
required  length.  The  centre  of  the  plate  being  then  heated,  is  indented 
by  a  conically  pointed  punch  fitted  to  the  same  machine,  a  nipple  or  pro- 
jection being  thus  formed  on  the  under  side  ;  the  ends  are  then  heated 
and  passed  between  eccentric  rolls,  which,  at  each  revolution,  strike  the 
plate  and  taper  it  down.  The  ragged  ends  arc  afterwards  cut  oil'.  The  nipple 
referred  to,  dropping  into  nn  adjustable  stop  attached  to  the  machine, 
serves  a3  a  guide  for  the  length.  The  plates  are  then  bent  to  lhape, 
hardened,  and  tempered  down  in  the  usual  manner,  built  up  into  the 
complete  spring,  and  the  buckle  shrunk  on,  the  plates  being  prevented 
from  moving Iways  by  the  nipple  of  one  plate  fitting  into  the  corre- 
sponding rei-ess  of  the  one  below  it,  which  thus  dispenses  wtih  a  centre 
bolt  and  the  consequent  weakening  of  the  plates.  It  appears  that  during 
the  past  twelve  months,  in  order  to  supply  the  new  engines  and  keep  up  t  he 

repairs,  upwards  of  10,000  springs  of  all  kinds  have  been  manufactured. 

The  erecting  shop,  next  visited,  is  about  240ft.  long  by  Soft,  wide,  and 

is  capable  of  accommodating  ^i   of  the  largest  class  of  engines,     it  is 

divided  into  two  hays  by  a   rOW  of  Cast  iron  columns  down   tin-  centre,   the 

engina  in  course  ,,f  erection  standing  on  four  lines  running  the  length  of 
the  shop.     Foot  excellent  travelling  cranes,  made  by  Moore,  of  Liverpool, 

are  here  fitted  ;  they  run  on  cast,  iron  girders  carried  by  the  side  walls  of 
the  building  and  the  columns  in  the  centre,  and  BM  driven  by  an  endless 
rope  moving  at  a  low  velocity,  and  oarried  along  tin-  walls  by  guide  pulleys, 

the  motion  being  transmitted  through  friction  wheels  andoi  m  ihafta  to 
the  traverser  and  crab.    Each  crane  lifts  s  weight  of  80  Ions  in.  Sin., 

and  moves  it  along  and  aCTOSS  the  shop  .it   the  rate-  of  80ft,  p   r   minute. 

This  shop  has  been  fitted  with  several  portable  tools  designed  bj  Mr. 
Ramsbottom,  for  t  ho  purpose  of  boring  cylinders,  dn  ising  the  steam  pari 
races,  and  axle-box  girders,  when  worn.  Tbess  machines  are  driven  by 
cords  off  the  line  of  shafting  moving  down  the  centre  of  the  shop,  and  are 
so  arranged  thai  all  the  operations  may  be  performed  without  moviug  the 
engine  from  its  berth,  or  in  an]   waj  disturbing  the  |  I  on. 


The  steam  port  facing  machine  consists  of  a  bed  plate  carrying  a  pair  of 
disc  weeels,  to  which  the  scraping  tool  is  bolted,  and  driven  by  a  centre 
screw  acting  simultaneously  on  both  wheels ;  the  feed  motion  being  self- 
acting,  and  the  whole  so  arranged  that  it  can  be  introduced  into  the 
narrowest  steam  chest. 

The  hornblock  dressing  machine  is  similar  in  construction  and  in  the 
method  of  driving,  but  is  made  long  enough  to  reach  across  the  engine,  so 
that  each  block  can  be  dressed  at  the  same  time. 

The  cylinder  boring  machine  consists  of  the  ordinary  boring .  bar,  to 
which  the  boring  head  is  keyed  fast  and  driven  by  worm  wheels.  The 
driving  pulleys  are  made  in  two  halves,  so  as  to  be  applied  at  any  point  in 
the  length  of  the  line  of  shafting. 

Adjoining  the  erecting  shop,  and  running  its  full  length,  is  a  building 
about  40ft.  wide,  where  the  frame  plates  are  slotted  and  drilled,  six  plates 
being  cramped  together  and  laid  on  the  machine  at  the  same  time.  The 
splasher  and  handrail  are  likewise  finished  in  the  same  way,  ready  for  the 
erector. 

The  locomotive  boilers  are  tried  in  a  yard  lying  between  the  erecting 
and  wheel-turning  shops,  one  end  of  the  yard  being  used  in  connection 
with  the  foundry,  and  the  other  as  a  store  yard  for  spare  wheels  and  axles. 

The  wheel-turning  shop  is  fitted  throughout  with  the  heaviest  class  of 
lathes,  slotting  and  drilling  machines,  required  in  the  finishing  of  wheels, 
axles,  and  tyres,  to  which  work  this  shop  is  exclusively  devoted. 

The  machines  are  arranged  along  each  side  of  the  shop,  the  centre 
space  being  reserved  for  the  stowage  of  the  wheels,  axles,  &c.,in  progress; 
and  a  pair  of  travelling  jib  cranes  running  on  single  rails,  bolted  to  the 
floor,  supply  the  necessary  lifting  power.  These  cranes  consist  simply  of 
box  girders  of  plate-iron  forming  the  base,  and  carrying  a  strong  cast-iron 
pillar,  round  which  the  jib,  with  its  attached  lifting  gear,  revolves.  Mr. 
Ramsbottom  has  carried  out  the  system  previously  noticed,  when  speaking 
of  the  boiler  shop  crane,  of  driving  by  means  of  a  light  cotton  cord 
running  at  a  high  velocity  ;  the  constructive  details,  however,  present  dif- 
ferent characteristics.  The  crane  pillar  is  guided  at  the  top  by  rolled  iron 
girders  of  a  double  T"  or  trough  section,  carried  on  edge  from  the  roof, 
the  motion  of  the  cord  being  transmitted  by  a  vertical  spindle  passing 
down  the  centre  of  the  crane  pillar.  From  this  spindle  the  lifting,  lower- 
ing, and  transverse  motions  are  taken  by  means  of  friction  cones,  worm, 
and  spur  gearing,  the  whole  running  on  a  pair  of  wheels,  carried  at  the 
ends  of  the  hollow  girder  forming  the  base.  Each  crane  is  capable  of 
lifting  a  weight  of  four  tons  at  the  rate  of  6ft.  per  minute,  and  tra- 
versing 10ft.  in  the  same  time. 

The  repairing  shops  which  adjoin  the  wheel  shop  have  a  total  area  of 
5800  square  yards,  and  afford  standing  room  for  upwards  of  70  large  en- 
gines. The  smaller  of  the  two  shops  is  fitted  with  four  15-ton  travelling 
cranes,  made  by  Moore,  of  Liverpool,  and  worked  by  hand  from  the  floor 
by  means  of  chains  working  in  grooved  wheels.  The  larger  shop  is  at 
present  being  fitted  with  four  travelling  cranes,  each  capable  of  lifting  20 
tons.  Two  of  these  cranes  have  been  finished,  and  were  seen  in  operation ; 
the  others  were  in  progress,  and  it,  was  expected  would  soon  be  in  their 
places.  These  cranes  run  on  longitudinal  girders,  in  a  similar  manner  to 
those  in  the  erecting  simp  ;  and  Mr.  Ramsbottom  has  carried  out  in  them 
the  cord  system.  The  details  of  the  arrangements  are,  however,  dilferent ; 
the  cord  being  guided  across  the  traverser,  and  returning  in  nearly  the 
same  vertical  plane,  the  motion  of  the  pulley,  which  is  double  grooved,  being 
reversed  when  either  the  upper  or  under  cord,  as  the  case  may  require,  is 
pressed  into  the  corresponding  groove. 

The  erecting  and  preparing  sh>ps  turn  out  per  annum  about  100  new 
engines,  and  keep  In  repair  the  greater  part  of  the  stock,  which  at  present 

exceeds  11,000  engines. 

Our  limited  space  does  not  allow  us  to  describe,  the  tender,  joiner,  and 
pattern  shops,  situated  in  another  part  of  the  works. 

The  town  and  works  are  supplied  with  gas,  made  at  the  Company's  (las 
Works. 

In  order  mora  effectively  to  knit  together  these  works,  which  spread 

over  n  great  surface,  a  tramway  Im  been    laid    down    at  1'  <>"   gauge  since 

May,  L862,   lor  the'  purpose   of  carrying  stores  and  material   of  all   kinds 

from  one  part  of  the  works  to  another,  together    with  the  various  parts  of 

ines  heing  built  or  under  repair. 

Tin'  tramway  is  now  about      tits  of  a  mile  long,  and  is  worked  by  a  small 

locomotive  engine,  named  "Tiney."  In  it<  course  it  traverses  curves  of 
16ft.  radius  eaoh,  no  difficulty  being  found  in  going  round   these  curves, 

with  loads  of  I-  to  !•">  tons,  or   in  taking  ~' l\"  wheel   forging*  or  tyres  on 

edge,  by  means  of  tro  ilbj  Adapted  for  the  purpose.    This  engine 

has  tour  wheels  coupled,  inside  cylinders  t1,  diameter,  and  V  iii  stroke ; 
the  whet  Is  are  L6ln.  in  diameter  on  i  bs  a  of  8ft.  The  total  heating  sur- 
face  is  about  is  square  feet]  tbs  boiler  Is  fitted  with  a  No.  2  Qlffard's 
Injector,  and  can  Idle  tank  capable  of  holding  l's  gallons.    The 

total  weight,  In   working   ordei  ions.    The  line  is  in  m< 

parallel  to  the  ordinal*)  rails  In  the  works,  and  the  engine  i,  u  ,d  to  tlv- 
■hunt  the  lug.-  waggons  in  all  i  i  II  can  he  brought  to  bear, 
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REVIEWS  AND  NOTICES  OF  NEW  BOOKS. 

D'Art  Naval  a  YExposition  Universelle  de  Londres  de  18*32  ;  Description  et  Dis- 
cussion de  tout  ce  que  Y Exposition  presentat  de  plus  remarquable  dans  la 
Marine.  Par  le  Contre  Amiral  Pakis,  C.B.,  &o.  Large  8vo.,  350  pp.,  with 
20  engraved  Plates,  in  separate  cover.  Paris  :  Artlms  Bertrand,  21,  Rue 
Hautefeuille. 

Although  it  is  now  more  than  a  year  since  the  International  Exhibition 
was  closed,  the  memoirs  devoted  to  some  of  the  more  special  features  in  its 
contents  are  only  now  appearing.  The  work— the  subject  of  this  notice — treat- 
ing upon  the  contents  of  Class  XII.,  written  by  Admiral  Paris,  of  the  Imperial 
French  Navy,  has  just  been  published,  as  above. 

When  so  able  a  man  as  Admiral  Paris  addresses  himself  to  any  subject, 
the  natural  expectation  is  that  the  result  of  his  laboui's  will  be  highly  useful 
to  the  class  to  which  his  work  is  dedicated.  In  the  works  previously  published 
by  the  same  author,  a  vast  amount  of  not  only  novel,  but  useful  and  thoroughly 
practical  and  exact  information  was  comprised  within  reasonable  limits ;  and 
on  the  present  occasion  he  has  succeeded  in  the  highest  degree  in  rendering 
both  complete  and  interesting  subjects  of  the  greatest  importance  to  maritime 
nations.  How  successfully  AdmiralParis  has  accomplishedthetask  which  heunder- 
took  can  only  be  ascertained  by  a  perusal  of  the  book  itself. 

The  first  part  treats  of  the  different  constructions  of  ships  of  war,  and  the  various 
types  employed,  giving  a  short  historical  sketch  of  various  periods  of  transition, 
and  the  changes  effected ;  and  he  devotes  a  large  portion  of  the  first  division  of 
his  hook  to  iron-plated  ships  and  iron  constructions.  He  has  treated  the  latter 
part  of  the  subject  admirably — indeed,  in  such  a  manner  as  only  a  highly 
scientific  naval  officer,  of  great  experience  in  steam,  combined  with  practical 
seamanship,  could  do ;  and  we  doubt  if  any  officer  in  our  service  could  have 
treated  the  subject  equally  well. 

The  second  part  of  the  book  is  devoted  to  a  description  of  the  various  engines, 
machines,  and  works  in  connection  with  naval  architecture,  which  were  exhibited 
in  the  International  Exhibition  of  last  year.  The  various  articles  contained  in 
Class  XII.  are  critically  described,  and  the  several  interesting  chapters  devoted 
thereto  are  worthy  of  being  translated  into  English  and  re-published  ;  and  this, 
we  trust,  will  be  done.  Accompanying  the  text  are  20  large  plates,  executed  in 
an  admirable  manner,  and  illustrating  with  fidelity  the  several  subjects. 

We  recommend  Admiral  Paris's  highly  valuable  work  to  the  officers  of  the  Koyal 
Navy,  as  well  as  to  engineers  and  others ;  and  to  every  one  who  felt  an  interest  in 
Class  XII.  of  the  Exhibition  of  1862,  Admiral  Paris's  book  will  supply  the  only 
really  useful  record  which  is  available  for  scientific  and  technical  reference. 

We  regret  that,  from  the  late  period  at  which  we  received  the  book,  it  is 
impossible  for  us  to  render  it  ample  justice  by  now  reviewing  it  at  length  ;  but 
we  hope  next  month  to  be  able  to  give  a  more  extended  notice  of  its  contents. 


A  Treatise  on  Parabolic  Construction  of  Ships,  attd  other  Marine  Engineering 
Subjects,  By  J.  W.  Nysteom,  CE.  Philadelphia  :  J.  B.  Lippincott  and  Co. 
London:  Triibner.     1863. 

We  have,  in  previous  numbers,  given  Mr.  Nystrom's  views  somewhat  at 
length  (see  pp.  102-105,  Aetizan)  ;  and  we  cannot  do  better  than  refer  our 
readers  to  the  book  itself  for  further  information. 


A  Manual  on  EartJnvork.    By  Alex.  J.  S.  Graham,  CE.    London :  Lockwood 
and  Co.    1863. 

An  excellent  book,  appropriately  dedicated  to  Mr.  B.  P.  Brereton,  the  successor 
to  the  business  of  the  late  Mr.  Brunei. 

As  a  really  handy  book  for  reference  we  know  of  no  work  equal  to  it ;  and  the 
railway  engineers  and  others  employed,  in  the  measurement  and  calculation  of 
earthwork  will  find  a  great  amount  of  practical  information  very  adniirabby  ar- 
ranged, and  available  for  general  or  rough  estimates,  as  well  as  for  the  more 
exact  calculations  required  in  the  engineers'  contractor's  offices.  The  Manual 
could  not  have  appeared  more  opportunely  than  at  this  time. 


Pocket-book  ofMecJianics  and  Engineering  ;  containing  a  Memorandum  of  Facts 
and  Practice  and  Theory.  By  John  W.  Nysteom,  CE.  Philadelphia  :  J. 
B.  Lippincott  and  Co. ;  London :  Triibner  and  Co.    1864. 

We  have  just  received  the  eighth  edition  of  this  excellent  Pocket-book.  On 
previous  occasions  we  have  expressed  so  high  an  opinion  of  the  book  that  we  can 
but  repeat  the  praise  so  deservedly  bestowed. 

In  this  edition,  Mr.  Nystrom  has  added  several  pages  of  new  matter,  and  much 
that  is  original.  Many  of  the  errors  which  were  unnoticed  in  previous  editions 
have  been  corrected,  and,  on  the  whole,  it  may  be  said  Mr.  Nystrom's  Pocket-book 
contains  a  great  deal  that  cannot  be  found  elsewhere.  The  high  estimation 
in  which  it  is  held  amongst  practical  men  is  an  evidence  of  its  usefulness. 


Treatise  on  Mills  and  Millwork.  Part  II.  "  On  Machinery  of  Transmission 
and  the  Construction  and  Arrangement  of  Mills."  By  W.  Faiebairn,  Esq.,. 
C.E.,  LL.D.,  F.R.S.,  F.G.S.    London :  Longmans.    1863. 

As  a  further  instalment  of  the  promised  series,  Dr.  Fairbaim  has  given  us  a 
useful  collection  of  treatises  on  wheels,  shafts,  and  couplings,  engaging  and  dis- 
engaging gear,  and  on  mill  architecture.  In  the  portion  of  the  work  devoted 
to  corn,  cotton,  flax,  silk,  and  woollen  mills,  will  be  found  some  useful  examples 
of  modern  constructions.  Added  to  these,  there  are  descriptions  of  oil,  paper, 
and  powder  mills,  and  a  short  account  of  the  manufacture  of  iron — all  useful  in 
their  way. 

[We  regret  that  other  books  received  have  come  to  hand  too  late  to  enable 
them  to  be  noticed  in  the  present  number.] 


NOTICES  TO  CORRESPONDENTS. 


G.  S.  (Cardiff.)— The  following  is  a  formula  for  ascertaining  the  speed  of  a  screw 
ship  in  knots  per  hour,  calculated  from  the  velocity  of  the  screw,  and  compiled 
from  formulae  given  in  Nystrom's  Pocket  Book  of  Maclianics,  &c. : — 


M  = 


81  D3  rfi 

480,000  2 


(L  S  cos  W  +  0110) 


in  which — 

M  =  number  of  knots  run  by  the  vessel  per  hour. 
D  =  diameter  of  screw. 

n   =  number  of  revolutions  of  screw  per  minute. 
L  =  length  of  blade  parallel  with  centre  line  of  propeller. 
S    =  slip  of  screw. 

W  =  angle  of  the  blades  at  the  periphery. 
5  =  area  of  resistance  (to  vessel)  in  square  feet. 
We  would  also  refer  you  to  a  "  Table  of  Speeds  of  Screw  Propellers  in  Knots 
and  Statute  Miles  per  Hour,"  given  in  The  Aetizan  volume  for  1856. 
W.  J.  C. — We  await  the  receipt  of  the  promised  particulars. 
E.  R.  W. — The  subject  is  in  hand. 
J.  G.  (Edinburgh). — We  are  glad  to  hear  you  have  succeeded,  and  that  we  had 

hit  upon  the  cause  of  your  previous  non-success. 
G.  B. — We  have  referred  your  inquiry  to  Professor  Rankine,  the  author  of  the- 
Paper  to-  which  you  refer,  and  which  was  read  at  the  late  meeting  of  the 
British  Association  at  Newcastle-on-Tyne.  We  will  send  you  his  reply. 
Vacuum. — You  will  be  able  to  obtain  a  fair  vacuum  from  your  air-pump  by 
assuming  a  speed  of  not  less  than  90  and  not  exceeding  100ft.  per  minute.  A 
greater  speed  would,  in  our  opinion,  raaterialty  injure  the  vacuum.  In  genera!,. 
a  speed  of  the  air-pump  bucket  half  that  of  the  steam  piston  will  give  a  very 
good  result.  As  regards  the  india  rubber  valve  alluded  to  in  your  letter,  the 
following  proportions  will  be  the  best : — 

Height  of  aperture  =  fths  of  diameter  of  air-pump. 
Width  of  aperture  =  fths  „  „ 

Or  else — 

Area  aperture  :   area  of  air-pump  : :  54  :  229. 
T.  J.,  and  other  correspondents  whose  letters  we  have  received  since  going  to- 
press,  will,  where  possible,  be  answered  through  the  post,  or  in  our  next  issue. 


RECENT    LEGAL    DECISIONS 
AFFECTING  THE  ARTS,  MANUFACTURES,  INVENTIONS,  &c. 


Undee  this  heading  we  propose  giving  a  succinct  summary  of  such  decisions  and  other 
proceedings  of  the  Courts  of  Law,  during  the  preceding  month,  as  may  have  a  distinct 
and  practical  bearing  on  the  various  departments  treated  of  in  our  Journal :  selecting 
those  cases  only  which  offer  some  point  either  of  novelty,  or  of  useful  application  to  the- 
manufacturer,  the  inventor,  or  the  usually — in  the  intelligence  of  law  matters,  at  least 
— less  experienced  artizan.  With  this  object  in  view,  we  shall  endeavour,  as  much  a*; 
possible,  to  divest  our  remarks  of  all  legal  technicalities,  and  to  present  the  substance- 
of  those  decisions  to  our  readers  in  a  plain,  familiar,  and  intelligible  shape. 


Railway  Compensation  Case.— In  the  Lord  Mayor's  Court,  on  the  19th  ult,  before 
Mr.  Russell  Gurney,  Q.C.,  the  Recorder,  and  a  special  jury,  Mr.  Duffield,  of  Long-lane, 
Smithfield,  and  Aldersgate-street,  whose  repository  is  about  to  be  removed  to  make  way 
for  the  Smithfield  extension  of  the  Metropolitan  Railway,  claimed  the  sum  of  £13,000 
as  compensation  for  the  leases,  removal,  depreciation  of  stock,  loss  of  trade,  and  the 
consequent  injury  that  would  accrue  to  his  business.  The  evidence  was  of  a  very  con- 
flicting character.  Ultimately  the  jury  gave  their  award  as  follows : — £2500  in  respect 
of  the  leases,  £200  for  the  fixtures,  £100  for  removal,  £900  for  depreciation  of  stock,  and 
£1200  for  loss  of  trade,  making  a  total  compensation  of  £4900,  or  £8100  less  than  th : 
amount  claimed. 

The  Metbopolitan  Railway.— Compensation  Case. — This  case — Samuel  v.  the 
Metropolitan  Railway — has  been  recently  tried  at  the  Sheriffs'  Court,  Red  Lion-squave. 
The  claim,  as  originally  proposed,  exceeded  £18,000,  and  the  company  had  offered  £2000. 
The  claim,  as  now  submitted,  was  £7700.  It  appeared  that  Messrs.  Samuel  held  an  un- 
expired lease  of  their  premises  for  20  years,  at  £87  per  year.  It  was  further  proved  that 
property  in  the  neighbourhood  had  increased  in  value  in  consequence  of  the  many  under- 
takings in  progress.  The  Under-Sheriff  stated  that  the  question  in  this,  as  in  other 
similar  cases,  was  a  fair  compensation,  and  not  to  allow  the  parties  to  make  a  profit  out 
of  the  company.    The  jury,  after  some  deliberation,  assessed  the  compensation  at  £2250. 


The  Abtizas,! 
Oct.  1, 1863.     J 
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NOTES  AND  NOVELTIES. 


OUR  "NOTES  AND  NOVELTIES"  DEPARTMENT.— A  SUGGESTION  TO  OUR 
READERS. 
We  have  received  many  letters  from  correspondents,  both  at  home  and  abroad,  thanking 
us  for  that  portion  of  this  Journal  in  which,  under  the  title  of  "Notes  and  Novelties," 
we  present  our  readers  with  an  epitome  of  such  of  the  "events  of  the  month  preceding" 
as  may  in  some  way  affect  their  interests,  so  far  as  their  interests  are  connected  with 
any  of  the  subjects  upon  which  this  Journal  treats.  This  epitome,  in  its  preparation, 
necessitates  the  expenditure  of  much  time  and  labour;  and  as  we  desire  to  make  it  as 
perfect  as  possible,  more  especially  with  a  view  of  benefiting  those  of  our  engineering 
brethren  who  reside  abroad,  we  venture  to  make  a  suggestion  to  our  subscribers,  from 
which,  if  acted  upon,  we  shall  derive  considerable  assistance.  It  is  to  the  effect  that  we 
shall  be  happy  to  receive  local  news  of  interest  from  all  who  have  the  leisure  to  collect 
and  forward  it  to  us.  Those  who  cannot  afford  the  time  to  do  this  would  greatly  assist 
our  efforts  by  sending  us  local  newspapers  containing  articles  on,  or  notices  of,  any  facts 
connected  with  Railways,  Telegraphs,  Harbours,  Docks,  Canals,  Bridges,  Military 
Engineering,  Marine  Engineering,  Shipbuilding,  Boilers,  Furnaces,  Smoke  Prevention, 
Chemistry  as  applied  to  the  Industrial  Arts,  Gas  and  Water  Works.  Mining,  Metal- 
lurgy, &c.  To  save  time,  all  communications  for  this  department  should  be  addressed 
"19,  Salisbury-street,  Adelphi,  London,  W.C."  and  be  forwarded,  at  early  in  the  month 
at  potsible,  to  the  Editor. 


MISCELLANEOUS. 
Dbaixage  of  ax  Irish  Lake.— A  gentleman  lias  performed  a  great  drainage  lent  in 
the  county  of  Roscommon.  About  five  year--  ago  he  purchased  an  estate  on  whieh  was  a 
lake  called  Keoghville,  covering  137  acres,  with  a  depth  of  water  varying  from  6ft.  to  lint. 
.Mr.  Wallace  made  an  arterial  cut  two  and  a  half  miles  long1  connecting  the  lake  with  the 
river  at  Jlilltown  Pass.  This  cut  is  -Ht.  wide  at  bottom  and  13ft.  wide  at  top,  end  in 
-ome  places  It  feet  deep.  For  a  mile  it  passes  through  solid  roek,  which  had  to  be 
Mailed.  The  result  is  that  the  lake  has  disappeared,  and  in  its  place  is  a  large  tract  Of 
rich  alluvial  soil,  giving  every  promise  of  luxuriant  vegetation. 

A  HiraiDC  Mocntai.v  has  been  discovered  in  Swedish  Lapland,  and  the  vein,  which 

reral  feet  thick,  promises  to  be  one  of  the  richest  sources  of  natural   magnets  at 

m  known.    A  natural  magnet  weighing  lOOibs.  has  already  been  obtained,  and 

r  onee  may  be  expected.    The  extraordinary  magnetism  of  this  mountain  suggests 

the  question  whether  the  magnetic  pole  of  the  earth  must  not  be  ipland 

rather  than  in  Siberia. 

The  Covraci  fob  the  \i:w  Ixsu   .ijd  Fosbig  to  be  erected  bj  Mr. 

it,  has  been  let  to  Messrs.  Smith  and  Taylor,  whose  tender,  6195,673, 
being  the  lowest,  wa-  aeoe 
TiucTio.v  Engines— A  public  trial  ha^  been   made  at   the  Chatham   Dockyard,  of  n 

I  by  UeasTs.  Aveling  and  Porter,  ol 
rard  for  conveying  the  machinery  and  other 
heavy  materia;--  used  in  the  improvements  nor,-  in   prog]  to  and 

ol  the  engine  ,  each  having  a  heavy  lo 
.1  from  Hewn.  Avelingand  Porter's  works,  on  the  Btrood  -bridge. 

On  the  eve  of  being  shipped  to 

•  the  engii  d  lining  three 

■iron  girders,  to  be  lbs  Dockyard.    The  united 

lers  was  is  tons,  and  of  the  two  tracks  .">  ton  .    Tothe  second  engine 

attached  five  a  each  weighing  8]  tons,  and  constructed  to  carry  7  tons 

each.    Thelasl  engine  ha    attached  a  large  '-team  thrashing-machine,  and  some  other 

agricultural  machinery.     I  lie  thn  e  engine   with  their  loads  started  away  over  Rochester 

[fridge,  and  through  tie  ri,  the  Dockyard,  the 

two  to  four  miles  an  l, our.    The  a   :en(  ol  Star  BUR,  which  has  an  Inolin 'l  m 

12,  was  made  bj  all  thr 

nlty,  and  without  ai  and  a  half  per  honr.    In 

the  passage  throug]  |  Chatham  to  the  Dockyard  no  meow 

whatever  was  experlenci  variety  ol  road,  and 

travelling  with  a  uniform  rate  ol    i I,    Att 

ullng  and  unloading  bi  s  the  train  of  trues  ■  being  atoppi  d  the 

hi   round  to  the  trucks  conveying  the  girders,  when,  by 
means  of  the  lifting  ap]  ittor  were  lifted  from  the  Not: 

for  them.     Ea  b  ol  I  sted  bom  thi 

tOcwt.  of  coals,  which  i  eight  boars'  consumption.    The  trit 

stisfsctoi 

1  in    I'ui-ihtiOX  OF  Tin:  Clone.      \    piOfiiSlOT  Of   the    I'nivci 

the  re  Hi  ol  in    researchi    •    to  the  population  ol  • 
orope  contains  272  million   ;   Vsia,  7S0  millions  ;  Africa,  89  million   ;  Ai 
millions;  nod  Polynesia,  2  milltoni    making  a  grand  total  ol   i 
habits  whero  death 

i  In  10,  the  number  ol  deaths  ho 

human  life.    Another  calculator   Int.  •  thai  I 
on  the  earth 
Inox  Stukft-.  -A  project  oacbed  hi  New  >ork  Gar j 

urged  that  the  saving  I"  [    nnel 

.voulci  be  snormoe  .  ,r  on 

earriages    slight,  and  the  noise  bul   trilln    • 

pressntsiii  would  wear  much  longeron 

As-  K  WI.WIVS,    Oil,     AMI    Wj 

Court  of  (fUean'i  Bensh  upon  the  subject  of  rating  raihraj  ai 
eithei  ■  land  and  pn 

many  of  the  metropolitan  parishes  entirely  in  revi 
the  assessment-rate  and 

rut  ion  t  h.-   subject    In    relation   to  the  tssasi 
Nartb-Westem,  the  Qreal  Northern,  the  N'n 
and  the  Bampstead  Junction   Railways, 

Middlesex  Water  Companies,  the   Bl 

and  they  find   that  the  asse««ment  on  the   r-,i <■  n 

year  was  £03,938,  0   run 

occupied  benefteially,  or  i  lenlroycd,  am 

the  representative  \estiy  I o  In 


£30,512,  or,  in  the  aggregate,  to  the  sum  of  & 91,473.  The  recommendations  of  the  report 
have  all  been  adopted. 

Lightxixg  Con-dcctohs.— The  Bishops  Waltham  Clav  Company  have  made  a  brick 
with  a  hole  through  a  moulded  portion  of  it,  for  the  purpose  of  securing  lightning  con- 
ductors. 

New  Mode  of  usixg  Naphtitalixe.— Mr.  Serbat  has  taken  out  a  patent  in  Belgium, 
for  using  naphthaline  pure  or  inLxed,  or  iu  combination  with  other  substances,  for  lubri- 
cating machinery.  It  is  caused  to  enter  either  into  substances  prepared  for  lubricating 
purposes,  or  into  natural  oils,  or  greases,  or  artificial  oils,  by  dissolving  it  in,  or  merely 
mixing  it  with  them.  100  parts  of  naphthaline  are  mixed  with  from  10  to  23  parts  of 
oil  or  greases  and  stirred;  when  the  paste  produced  in  this  manner  has  become  cold,  it 
may  be  used  for  lubricating  axles,  shafts,  gearings,  or  other  mechanical  organs.  For 
lubricating  spindles  and  other  articles  on  whieh  oil  is  usually  applied,  add  from  o  to  20 
part-  of  naphthaline  to  100  parts  of  oil;  heat  the  mixture  in  warm  water  until  the 
naphthaline  is  dissolved,  and  then  shake  it  until  the  mixture  is  cooled  down.  Such 
oils,  mixed  with  naphthaline,  are  more  unctuous,  they  last  longer,  and  are  consequently 
more  economical  than  common  oils. 

Ixjvbious  Actiox  of  Lead  Pipes  ox  Watek. — A  discovery  has  recently  been  made 
through  which  the  water  supplied  by  leaden  pines  may  be  obtained  by  the  consumer  as 
pure  as  from  the  original  source.  Dr.  EL  Schwartz,  of  Breslau,  has  discovered  a  means 
by  which  the  portion  of  the  lead  forming  the  interior  surface  of  the  pipe  may  be  converted 
into  an  insoluble  sulphide,  the  consequence  being  that  the  water  passing  through  will  lie 
as  free  from  impurity  as  if  passed  through  glass."  Dr.  Schwartz  affects  this  conversion  by 
simply  passing  a  strong  solution  of  the  sulphide  of  an  alkali  through  the  pipe  to  be  acted 
upon,  and  the  process  is  completed.  This  solution,  whieh  is  either  a  sulphide  of  potassium 
or  of  sodium,  is  used  at  a  temperature  of  about  212  degrees  l'ahenheit.  and  is  allowed  to 
act  on  the  metal  from  10  to  15  minutes.  It  is  stated  that  in  practice  the  boiling  solu- 
tion of  caustic  soda  and  sulphur  is  found  to  answer  every  purpose. 

The  "  Jane."  Patent  Irox-taxk  Ship,  has  arrived  iu  the  Mersey  from  Philadelphia, 
with  a  cargo  ol'  crude  petroleum  oil  in  bulk,  belonging  to  the  Liverpool  and  Komsey  Oil 
Refining  and  Chemical  Works  Company  (Limited).  This  is  the  first  iron-tanked  vessel 
with  petroleum  that  has  arrived  m  this  country.  TheJisna  was  specially  constructed  for 
carrying  oil  from  America  to  the  company's  works  at  Bomsey,  where  it  is  discharged  into 
hermetically  sealed  Boating  tanks,  which  are  moored  in  the  river.  The  vessel  made  the 
passage  in  twenty  days. 

NAVAL  ENGINEERING. 
TrrE  "Sctela,"  screw  corvette,  1407  tons.  100  b  ■-■■ower,  underwent  her  trial  trip  at 
the  measured  mile  off  Maplin  Sands  on  the 86th  ult.  Tie-  vessel  made  six  runs  at  the 
measured  mile  with  full  boiler  power,  and  attained  an  average  speed  of  10*887  knots, 
with  a  draft  of  water  17ft.  forward,  and  19ft.  alt.  The  revolutions  of  the  engines  were 
:,7,  pressure  of  'steam,  201b.,  and  vacuum,  21.  Two  run-  were  also  made  with  half 
l.oiler  power,  giving  a  result  of  9*002  knots  per  hour,  revolutions,  46,  pressure  of  steam, 
20lli.,  vacuum,  21.  There  was  a  alight  force  of  wind  from  S.S.W.,  and  water  smooth.  The 
circle  was  turned  at  full  boiler  power,  with  helm  port,  21  decrees,  in  4  min.  66  soc., 
the  diameter  of  circle  being  106ft;  at  halt'  boiler  power,  with  helm  starboard,  38  degrees, 
iu6  min.  30  sec,  diameter,  419ft.    Messrs.  John  Pen  are  the  builders  of  the 

tteiiwit'n  Smith's  BCrew   propeller,  diameter,  lfilt.,  ipitch,  3ft.  Bin., 
length,  3ft.    The  trial  was  considered  very  satisfa.  i 

'I'm:  "1'kin.k  Conbobi"  was  laid  down  at  Pembroke  as  a line-of-battle  ship  on  the 
same  line-  as  the  Gibratt  '.-,-  but  v.  as  afterwords  cut  in  two. lengthened  23ft.,  and,  like  the 
Ocean,  reduced  to  a  two-decker.    She  was  first  called  the  but  ibis  name  was 

altered  to  the  Prince  Contort.     Her  launch   took   place   in  Jane,  1862.     'I  hi    dimensions 
are:— Length  over  all,  277ft.  ■  length  between  perpend]  olars,  J7:si':.:  keel  for  tons 
232ft.  3{in.;  breadth  extreme,  68ft.  6i  tonnage,  57ft.  21n.:  ditto  moulded, 

58ft.  I'm. ;  depth  of  hold,  19ft.   loin.;  t<  o  Board  of  Trade, 

3621-3 1  tons;  tonus  ;■::)  tons;  ditto  register,  1607'8  tons:  dis- 

placement when  light,  2'.)ii  ton-;  ditto  estimated  when  loaded.  8828  tons;  estimated 
draught  when  loaded,  28ft.  7in.  forward,  -J "> ft .  2in.  aft.  Ber  draught,  when  launched,  was 
12ft.  ii  m.  forward,  16ft.  loin,  aft.;  mean  draught,  i  iii.  i  "in.  'fin-  engines  collectively 
of  lOtK)  borse-power  (nominal)  are  from  the  manufactoi-'  -     I  [audslay,  Sons,  and 

Held,  ed   16ft.   before   the  mainmast:  med  "horizontal  double 

pi-1 "Od."    The  horizontal  doe  r-pump  is  worked  direct  from  the  engine. 

I  with  box  slides;  they  are  worked  by  double  eccentric  and  link 
motion,  and  are  provided  with  metallic  alkie  valves.    The  air-pump  valve-  are  of  India- 
discharge  through  the  Bides  of  th  i  ship.    The  air-pumps 
diameter  ofths  steam  cylinders 

1.    The  clian c  of  the  main  steam  pipes  is  28m.    The 

rrith  metallic  packing,  and  not  v.iiii  hemp  as  heretofore,     Phere  are 

i  the  en.-i room  two  -mail  atixiiiar]  engines  of  I21n.  diameti .-.    Baob  of  these  Is 

fitted  with  a  pump  for  filing  bollei .  from  tie  ,  they  are  oanable  of  supplying 

thorcn,  iter  when  the  main  engini  foil  boiler  power.  Bne  has 

in  addition  a  double  7ln.  pump,  which  I  by  hand  oi  ableofsup- 

ii  working  bolf-boiler  power,  and  arranged  to  is  to 
pnmp  on  deck  or  overboard,  and  it  r  from  the  bilges  or  the  sea.    The  eight 

boiler  ,,.,,,„  ter,  and  2Jin. 

Inner  diameter.     II  Iters  the  powe  icon  bo  obtained, 

andbj  tl ther  10  ilcnlated  at  71bs.  effective  pres  uro  per  square  inch.    The 

iron  metal  screw  pr  iur  bladed ;  It  *  -.or, 

rnthi  i  be  diameter  l«  811  prln- 

urlacetl  op, 

h I  niso;  the  iu. i 

shafti  d  forward  to  el  iiing  entirely  whore  th     ti 

w  -linn  i'  fitted  wits  adl  and    lotion  brake, 

by  wi  |  rolve  fcoelj 

ii  screw,  and  i 
tor  the  puq f  i  am.    In  the  tore  itroki 

lierl'orilteil 

The 

-lightly,  and    Iconic    much  tl  rds  tl liter  cuds.      The 

«>,    and!  the   manii- 
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•   thi-   iroii.|  i,,|.   took   place  on 

the  The 

hour;  the  rcvolu- 
Lth  ult.  tin   /  /  completed 

d  mile  gavo  a 
:  irgc  liolli 

■      Kl 

- 

small  bolli  r-  at 

la  to  be  built  ni  ( 
plan-.  anything  that  I 


236 


Notes  and  Novelties. 


"The  Aetizan, 
.     Oct.  1, 1863. 


ships.  The  trial  target,  which  is  now  under  construction,  is  formed  of  lOin.  iron  frames, 
about  2ft.  apart,  covered  first  with  iron  nearly  2in.  thick,  then  with  teak  12in.  in  thick- 
ness, and  finally  with  Gin.  armour  plating  ;  and  should  they  he  found  to  succeed  on  the 
occasion  of  the  trial,  the  Bellerophon  will  be  covered  in  exactly  the  same  manner  from 
stem  to  stern.  Her  engines  will  be  of  the  most  powerful  description,  to  steam  at  least 
14  knots  per  hour,  and'this,  coupled  with  her  enormous  strength,  and  her  shot-resisting 
power,  will  render  her  by  far  the  most  formidable  of  the  iron  vessels  yet  constructed. 

The  French  Steam  Ram  "Magenta." — The  Opinion  Nationale  gives  the  following 
description  of  this  new  steam  ram.  She  is  higher  out  of  the  water  at  the  bows  than  the 
stern  ;  her  masts  are  short  and  thick,  and  the  bows  culminate  in  a  gigantic  spar  or 
ploughshare.  The  upper  deck  is  flush,  and  with  the  exception  of  two  bow  chasers,  there 
are  no  guns  upon  it ;  close  to  the  smoke  pipe  is  a  shot  proof  turret,  whence  orders  can  be 
communicated  to  every  part  of  the  ship.  In  action  the  crew  are  all  below,  and  the  cap- 
tain, his  signal  officers,  and  a  few  picKed  marksmen  occupy  the  turret.  The  Magenta 
has  two  gun  decks,  each  armed  with  24  breech-loading  guns,  throwing  a  601b.  shot.  All 
the  guns  are  protected  by  iron  plates,  bnt  the  iron  casing  stops  short  at  the  bows  and 
stem.  The  engines  (1000  horse-power  nominal),  can  be  worked  up  to  2700.  Her  speed 
on  an  even  keel  is  from  13  to  14  knots,  and  her  consumption  of  coal  130  tons  per  day. 
Her  length  over  all  is  about  295ft. ;  extreme  breadth  about  57ft. ;  her  displacement  6000 
to  7000  tons. 

Naval  Appointments. — The  following  appointments  have  been  made  since  our  last: — 
W.  Anderson,  Chief  Engineer,  to  the  Asia,  for  the  Odin;  T.  H.  Dawkins,  Acting  Engi- 
neer, to  the  Asia,  as  supernumerary ;  W.  F.  Innes,  Engineer,  to  '.he  Dauntless,  for  the 
Tender;  R.  Harris,  Engineer,  and  F.  Pugh,  W.  M'Naught,  and  G.  T.  Stronach,  Assist. 
Engineers,  to  the  Medusa ;  W.  H.  Brimfield,  of  the  Wye,  confirmed  as  First-class  Assist. 
Engineer;  W.  H.  Barker,  of  the  Topaze,  promoted  to  AetingFirst-class  Assist.  Engineer ; 
F.  Stow,  Chief  Engineer,  to  the  Indus,  for  special  service ;  H.  Brown,  Chief  Engineer,  to 
the  Challenger ;  J.  Davis,  Chief  Engineer,  to  the  Lily ;  S.  H.  Dawkins,  Acting  Engineer, 
A.  J.  Tront,  J.  D.  Lamont,  M.  Baird,  R.  Young,  and  G.  R.  Beer,  Assist.  Engineers,  to 
the  Nile,  as  supernumeraries ;  T.  F.  Hill,  Chief  Engineer,  to  the  Fisgard,  for  the 
Wolverine ;  J.  Copplestone,  Assist.  Engineer,  to  the  Indus,  for  the  Constance ;  G.  Park, 
Chief  Engineer,  to  the  Indus,  for  the  London ;  E.  Barrett  and  J.  Brand,  Assist.  Engineers, 
to  the  Cumberland,  as  supernumeraries;  J.  M'Laren,  in  the  Cumberland;  E.  Carling,  in 
thelttdus;  M.  M'Intyre,  in  the  Adventure ;  A.  B.  Luckie,  in  the  Victoria;  and  A.  T. 
Pringle,  in  the  Wye;  W.  Gentles,  of  the  Cumberland,  for  the  Wildfire;  D.  M'Vean,  of  the 
Fisgard,  for  the  Bann,  and  T.  Spence,  in  the  Supply,  promoted  to  First-class  Assist. 
Engineers ;  J.  Bannatyne,  in  the  Centaur,  D.  Storrar,  in  the  Cygnet,  D.  M'Intyre,  in  the 
Argus,  and  R.  Findlay,  in  the  Cormorant,  promoted  to  Acting  First-class  Assist.  Engineers ; 
T.  T.  Murray,  Chief  Engineer,  to  the  Gibraltar ;  W.  Stell,  Chief  Engineer,  to  the  Pelorus ; 
J.  Gillies,  Chief  Engineer,  to  the  Scylla ;  R.  Anderson  (a),  Engineer,  to  the  Supply ;  3. 
Snell,  Engineer,  to  the  Scylla;  W.  Skeen,  Engineer,  to  the  Gibraltar;  W.  Maxwell, 
Engineer,  to  the  Asia,  for  the  Earnest;  J.  L.  Davies,  Engineer,  to  the  Indus,  for  the 
Delight;  F.  W.  Sutton  (b),  Engineer,  to  the  Indus,  for  the  Royalist;  E.  Taylor,  Engineer, 
to  the  Pelorus;  J.  Annable,  First-class  Assist.  Engineer,  to  the  Pelorus;  W.  N.  Sennett, 
Assist.  Engineer,  to  the  Indus,  for  the  Donegal ;  J.  Hopwood,  Assist.  Engineer,  to  the 
Fisgard,  as  supernumerary;  W.  Bowen,  Assist  Engineer,  to  the  Scylla;  R.  J.  Morman, 
Assist.  Engineer,  to  the  Pelorus;  G.  O.  Wilson,  Assist.  Engineer/to  the  Russell;  W. 
Pilcher,  G.  "W.  Robins,  and  W.  F.  Cole,  Assist.  Engineers,  to  the  Gibraltar;  B.  F.  Pine, 
promoted  to  be  Chief  Engineer.  G.  Glasson,  Chief  Engineer,  to  the  Liverpool ;  J.  A.  H. 
Marcus,  Assist.  Engineer,  to  the  Asia,  as  supernumerary;  J.  A.  Lodge,  Engineer,  and  J. 
King  (a),  and  W.  Hawksley,  Assist.  Engineers,  to  the  Fisgard,  for  the  Hydra ;  A.  Ritchie, 
in  the  Dasher,  for  the  Speedy,  and  W.  Landells,  in  the  Asia,  supernumeraries,  promoted 
to  First-class  Assist.  Engineers ;  B.  G.  Little,  Assist.  Engineer,  to  the  Fisgard,  as  super- 
numerary; R.  H.  East,  Assist.  Engineer,  to  the  Indus,  as  supernumerary;  T.  Lumley, 
Chief  Engineer,  to  the  Indus,  for  the  Research  :  J.  D.  Lamont,  in  the  Nile,  promoted  to 
Engineer;  A.  Lowton,  in  the  Orlando,  promoted  to  First-class  Assist.  Engineer;  H.  W. 
Wilkins,  W.  E.  Blackburn,  and  E.  Bolton,  Assist.  Engineers,  to  the  Asia,  as  supernu- 
meraries; J.  T.  Stockting,  Assist.  Engineer,  to  the  Dauntless,  for  the  charge  of  the  en- 
gines of  the  Argus ;  R.  E.  Chiswell,  Assist.  Engineer,  to  the  Dauntless,  for  the  Argus ; 
J.  W.  Hawes,  Assist.  Engineer,  to  the  Colossus;  J.  T.  S.  Flynn,  Assist.  Engineer,  to  the 
Cumberland,  as  supernumerary;  G.  Tyril,  C.  J.  Cook,  and  W.  G.  M'Bumey,  Assist.  Engi- 
neers, to  the  Indus,  as  supernumeraries. 

The  "Osborne"  paddlewheel  steam  yacht,  went  out  of  Portsmouth  harbour,  on  the 
17th  ult.,  to  Stokes  Bay  for  a  trial  of  her  machinery  and  her  new  paddlewheels,  under  the 
superintendence  of  Commander  Brett  and  other  officials  of  the  Steam  Reserve.  The 
trial  was  considered  satisfactory. 

The  Steam  Frigate  "  Arethusa,"  39  guns,  3141  tons,  500  horse-power,  having 
undergone  several  important  alterations  in  her  inachineryjto  enable  her  to  work  either  by 
surface  or  injection  condensation,  or  the  two  conjointly,  was  taken  out  of  Sheerness  Dock- 
yard on  an  experimental  trip  of  five  hours  on  the  11th  ult.  During  the  trip  the  average 
revolutions  of  engines  were  68  per  minute ;  vacuum,  281b. ;  and  pressure  of  steam, 
251b.    The  trial  was  of  a  most  satisfactory  character. 

The  "  Snipe,"  5-screw  steam  gun.  vessel,  431  tons,  80  horse-power,  recently  underwent 
her  final  trial  of  machinery  at  the  measured  mile  off  Maplin  Sands.  The  trial  was  pro- 
nounced highly  satisfactory,  the  vessel's  speed  being  8-440  knots  an  hour,  about  a  quarter 
of  a  knot  greater  than  that  of  her  sister  ship  the  Jaseur. 

The  "  Speedy,"  screw  gun  vessel,  in  commission  for  service  at  the  Channel  Islands, 
having  undergone  repairs  to  hull  and  machinery  at  Portsmouth,  and  received  new  boilers, 
was  tested  at  the  measured  mile  in  Stokes'  Bay  on  the  16th  ult.  She  realised  a  mean 
speed  of  eight  knots,  and  under  high  pressure  slightly  exceeded  that  rate.  The  ma- 
chinery worked  satisfactorily. 

MILITARY  ENGINEERING. 

English  and  French  Metal.— A  third  trial  of  French  and  English  armour-plates 
took  place  at  Portsmouth  on  the  2nd  ult.  The  Iplates  comprised  four  from  the  French 
firm  of  Petin,  Gaudet,  and  Co.,  two  of  4|in.  and  the  remaining  two  of  5-Jin.;  one  from 
Messrs.  John  Brown  and  Co.,  of  Sheffield,  of  5|in. ;  and  one  from  the  Millwall  Company, 
of  5Jin.,  the  average  length  of  the  whole  being  15ft.,  and  their  breadth  3ft.  4in.  Petin 
and  Gaudet's  two  4Jin.  plates  received  six  and  seven  shots  respectively,  and  both  proved 
to  be  of  inferior  quality.  They  had  both  very  extensive  cracks  and  separations  of  the 
metal,  and  showed  cracks  of  a  greater  extent  than  has  been  done  by  the  French  made 
plates  on  any  former  trial.  Messrs.  Brown's  plate  and  that  of  the  Millwall  may  be  con- 
sidered about  equal,  and  as  the  best  by  far  of  the  six  tested.  The  French  plates  proved 
to  be  far  below  the  average  of  "A  I "  plates,  and  very  inferior  indeed  to  the  two  first 
plates  which  were  tried  at  Portsmouth  from  the  same  firm.    M.  Gaudet,  who  was  present 

• -Jlf  the  trials>  expressed  his  astonishment  at  the  results  as  regarded  his  plates,  and 
said  that  no  such  result  had  ever  attended  any  trial  of  them  in  France. 

The  Armstrong.— At  Fort  Cumberland  the  Royal  Marine  Artillery,  at  Lumps  Fort  the 
Royal  Artillery  of  the  6th  Brigade;  and  on  board  her  Majesty's  ship  Excellent  the  trained 
gunners,  have  been  engaged  in  making  a  series  of  experimental  rapid  firing  courses  with 
shot  and  shell  from  the  new  "wedge"  Armstrong  40  and  70  pounders.  Similar  experi- 
mental firing  is  taking  place  at  other  out-stations  under  competent  officers,  and  each 
officer  engaged  in  conducting  the  experiments  will,  at  their  close,  forward  his  own  report, 


independently  of  all  others,  to  headquarters.  The  guns  now  under  trial  are  the  most 
perfect  form  of  the  Armstrong  breech-loader  extant.  The  whole  of  the  experimental 
firing  has  not  yet  been  concluded  with  all  the  guns  under  trial,  but  it  has  proceeded  suf- 
ficiently far  to  enable  a  correct  judgment  to  be  formed  of  the  gun's  power  and  its  suita- 
bility for  service  on  board  ship.  The  70-pounder  wedge  gun  under  trial  concluded  its- 
course  after  firing  200  shot  and  50  common  shell  (Armstrong,  but  not  built  in  segments). 
The  target  was  placed  at  2000  yards'  distance  out  on  the  Horse  Shoal,  seaward.  The 
charge  of  powder  used  for  the  shot  was  101b.  and  for  the  shell  91b. ;  the  latter  containing 
31b.  of  powder  as  a  bursting  charge.  Two  different  targets  were  usedfor  shot  and  shell, 
that  for  the  latter  being  built  up  of  nine  inch  oak  plank,  as  the  shells  were  fired  with  a 
pillar  fuse,  and  therefore  required  a  resisting  object  of  some  solidity  to  strike  against  to 
cause  them  to  burst.  The  practice  made.'throughout  with  this  gun  was  very  fine ;  65  shots 
were  fired  in  47-j  minutes,  and  the  target  was  struck  36  times.  This  was  the  longest 
period  of  firing  at  one  time  to  which  the  gun  was  subjected,  for  the  "  keybolt"  gave  out  on 
several  occasions,  and  the  gun  became  disabled  until  the  armourer  had  removed  the  pin, 
and  repaired  the  damage.  The  Armstrong  armourer  stationed  at  Portsmouth  being 
present,  examined  the  bolt  by  Colonel  Longdon's  directions,  and  gave  it  as  his  opinion 
that  it  was  made  from  a  similar  metal  to  the  gun.  He  suggested  that  he  should  be 
allowed  to  make  a  new  steel  bolt.  To  this  the  colonel  at  onceacceded,  and  the  new  bolt 
was  tried,  and  64  shots  were  fired  from  the  gun  consecutively  without  any  burring  up  of 
the  metal  on  the  wedges,  or  any  serious  damage  to  the  bolt  beyond  the  indentations 
which  might  be  expected  on  the  side  of  so  small  a  piece  of  metal.  The  firing  from  the 
40-pounder,  also  under  trial,  is  not  yet  concluded.  One  of  the  70-pounder  shells  burst  at 
the  mouth  of  the  gun,  but  that  was  the  only  instance  of  the  kind  throughout  its  firing, 
and  no  cause  could  be  assigned  for  it.  With  all  the  accuracy  exhibited  by  both  the  guns, 
there  was  a  great  eccentricity  of  movement  observed  in  the  after  course  of  the  shots, 
and  the  general  opinion  which  has  been  formed  thus  far  of  the  wedge  gun  is  that  it  is 
not  in  its  present  state  at  all  fit  for  sea  service. 

Improved  Ordnance. — A  course  of  experiments  is  now  in  progress  in  the  Royal  Ar- 
senal at  Woolwich  which  promises  important  results.  A  32-pounder  cast  iron  service  gun, 
strengthened  on  Capt.  Palliser's  plan,  has  been  tested  by  firing  a  double-proof  service 
charge  of  361b.  of  powder,  and  a  cylinder  gradually  increased  in  size.  The  gun  was  fired 
upwards  of  100  rounds  without  manifesting  the  slightest  signs  of  giving  way,  and  burst 
at  the  107th  round.  The  result  is  considered  exceedingly  favourable,  and  has  been 
reported  accordingly  to  the  War  Department.  A  number  of  cast  iron  service  guns  have- 
been  consequently  placed  at  Capt.  Palliser's  disposal,  to  be  bored  and  altered  in  accor- 
dance with  his  principle,  and  to  be  similarly  tested  at  the  Arsenal  proof  butt  at  Woolwich. 
Capt.  Palliser,  it  appears,  has  for  many  years  applied  himself  to  the  study  of  cast  iron 
ordnance.  His  plan  consists  in  removing  a  portion  of  the  existing  metal  from  the  in- 
terior of  the  gun  and  inserting  a  combination  of  steel  and  iron  tubes  in  such  a  manner 
as  to  relieve  the  outer  east  iron  ease  from  all  strain,  whereby  the  gun  acquires  all  the  ad- 
vantages of  the  present  wrought  iron  ordnance.  Capt.  Palliser,  it  is  understood,  main- 
tains the  principle  that  steel  and  wrought  iron  tubes  of  limited  thickness  can  be  so  in- 
serted into  east  iron  skins  or  outer  portions  of  the  existing  service  guns  as  to  relieve  the 
structure  from  all  strain,  and  that  only  a  small  portion  of  the  gun  is  required  to  resist 
explosion,  and  the  remaining  portion  being  useful  merely  to  Drevent  recoil.  Several  guns 
are  being  prepared  on  Capt.  Palliser's  plan. 

STEAM  SHIPPING. 

Testing  or  a  Steering  Screw  Propeller. — On  the  8th  and  9th  ult.  a  series  of  in- 
teresting experiments  was  carried  on  at  Sheerness  by  order  of  the  Admiralty  to  test  the. 
value  of  a  steering  screw  propeller  applied  to  the  Charger  gunboat,  the  invention  of  Mr. 
W.  J.  Curtis,  C.E.  The  peculiarity  of  this  screw  is  that  a  ring  forming  an  universal,  or 
ball  and  socket  joint,  is  placed  within  the  hollow  boss  of  the  screw,  which  is  thereby 
connected  with  the  main  shaft,  the  centre  of  gravity  of  the  screw  and  the  centre  line  of 
the  rudder  intersecting  the  centre  line  of  the  main  shaft,  so  that  the  entire  weight  of  the 
screw  is  borne  by  the  shaft,  and  by  means  ofthe  tail  or  spindle  of  the  screw  projecting  from, 
the  boss  working  in  the  rudder,  whatever  may  be  the  movement  of  the  rudder,  it  com- 
municates an  equal  movement  to  the  screw,  which  therefore  becomes  not  only  the  pro- 
pelling but  also  the  guiding  power  of  the  ship.  Furthermore,  by  this  invention  the  re- 
tarding action  of  the  rudder  and  likewise  the  vibration  are  removed,  while  the  speed  of 
the  vessel  is  increased.  The  Charger  gunboat,  having  been  handed  over  to  Mr.  Curtis 
for  the  purpose  of  making  experiments,  was  taken  for  trial  at  the  measured  mile  off 
Maplin  Sands,  the  result  being  that  the  mean  of  the  runs  to  and  tro  was  8'69S  knots  an 
hour,  as  contrasted  with.7'751  knots  obtained  at  Portsmouth  previous  to  the  vessel  being 
placed  in  Mr.  Curtis's  hands ;  showing  a  gain  of  "531,  or  about  half  a  mile,  in  favour  of 
the  steering  screw,  while  the  indicated  horse  power  showed  113'30,  against  145'25  ob- 
tained at  Portsmouth.  It  was  felt  by  those  who  witnessed  the  experiments  that  had  the 
engines  been  in  a  more  efficient  working  state  the  gain  would  have  been  still  more  con- 
siderable. On  the  following  day  a  competitive  trial  of  speed  took  place  between  the 
Charger  and  the  Spanker,  twin  boats,  having  been  built  upon  the  same  model  and  lines 
by  the  same  builders,  and  each  containing  engines  of  60  horse-power.  The  distance  run 
was  from  a  buoy  off  the  Formidable,  round  the  Nore  Light  and  back,  a  total  distance  of 
about  eight  miles.  In  this  distance  the  Charger  beat  the  Spanker  by  17  minutes,  being 
25  per  cent,  gain,  or  equivalent  to  about  a  mile  and  a  half  per  hour,  the  whole  run  being- 
made  by  the  Charger  in  one  hour  and  one  minute.  This  gain  is  evidently  obtained  by 
avoiding  the  retarding  effect  of  the  rudder,  as  it  was  found  that  to  keep  the  vessel  in  her 
course  the  helm  never  varied  more  than  from  3  to  5  degrees.  The  full  circle  was  made 
in  2  min.  40  sec,  helm  starboard  40  degrees,  the  diameter  of  the  circle  being  120ft., 
measured  by  a  line  paid  out  from  the  stern  of  the  ship.  The  circle  to  port,  helm  10 
degrees,  was  made  in  2  min.  30  sec,  diameter  the  same,  the  length  of  the  vessel  being 
115ft.  By  working  the  screw  astern  and  puttiDg  the  helm  over  40  degrees,  the  vessel  can 
be  turned  in  about  half  the  time  above  stated,  and  in  a  radius  of  only  one-third  its 
length,  measuring  from  the  screw  itself.  The  screw  can  be  applied  in  the  dead  wood  of 
the  ship,  and  lifted  as  in  the  ordinary  way,  so  that  the  vessel  may  be  governed  either  by 
the  rudder  or  screw,  or  by  both,  at  the  option  of  the  commander;  also  ,if  found  neces- 
sary or  desirable,  the  rudder  may  control  the  movement  of  the  vessel  b)  the  momentum, 
after  the  engines  are  stopped. 

The  Antwerp  Steamer,  the  "  Baron  Ost,"  whilst  coming  up  Limehouse  Reach,  at 
low  tide,  on  the  3rd  ult.,  with  100  passengers  on  board,  struck  her  bottom  against  the  re- 
mains of  an  old  anchor,  and  sustained  such  a  serious  rent,  that  she  sunk  almost  imme- 
diately, leaving  barely  time  to  get  out  the  passengers  and  luggage. 

Steam  Shipbuilding  on  the  Clyde. — Messrs.  Steele  and  Co.,  of  Greenock,  have 
launched  a  fine  screw  of  2000  tons,  named  the  Peruvian,  for  Messrs.  Allan's  ocean  line  of 
steamers.  Messrs.  Blackwood  and  Gordon,  of  Port  Glasgow,  have  launched  a  screw 
named  the  Tuskar.  She  is  the  second  vessel  of  the  same  name,  and  has  been  built — to 
supply  the  place  of  the  last  Tuskar,  which  was  sold  some  months  back  to  a  Spanish 
firm — for  the  Clyde  Shipping  Company,  by  whom  she  will  be  employed  as  a  consort  to- 
the  Pladda  in  the  Cork,  Waterford,  and  Glasgow  trade.  The  dimensions  of  the  new 
steamer  are  as  follows :— Length  of  keel,  175ft.;  breadth,  24ft.  6in. ;  depth  (moulded), 
14ft.  Her  burden  is  525  tons,  builders'  measurement,  and  she  is  to  be  propelled  by  a  pair 
of  direct  acting  trunk  engines  of  100  horse-power,  manufactured  by  the  builders.  Mr. 
J.  G.  Lawrie,  of  Whiteinch,  has  launched  the  Otago,  a  screw  of  850  tons,  built  for  the 
Intercolonial  Royal  Mail  Steampacket  Company.    The  Otago,  which  is  intended  to  carry 
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the  mails  between  Sydney  and  Xew  Zealand,  will  be  propelled  by  direct  aoting'engines  of 
750  horse-power,  supplied  by  Messrs.  Blackwood  and  Gordon.  Her  length  of  keel  and 
fore-rake  is  23ift.  6in. ;  breadth  of  beam,  26ft.  9in. ;  depth  of  hold,  15ft  Sin.  Among 
trial  trips  may  be  mentioned  that  of  the  Fet-gus,  lately  launched  by  Messrs.  A.  St 
and  Sons,  of  kelvinhaugh,  which  in  running  down  the  river  attained  a  speed  of  nearly 
20i  miles  per  hour.  This  vessel  was  launched  in  56  days  from  her  keel  being  laid  ;  her 
engines  are  by  Messrs.  Aitken  and  Co.  The  Mariani,  a  screw  built  for  the  Socio!  e 
Accelet'e  d'Haiti,  has  also  made  a  trial  trip,  at  which  she  steam?'!  at  the  rate  of  12  miles 
per  hour.  She  was  built  by  Mr.  T.  B.  Seath,  of  Kutherglen,  and  is  140ft.  in  length,  18ft, 
breadth  of  beam,  and  10ft." deep.  Her  engines,  which  are  of  50  horse-power  nominal, 
have  been  supplied  by  Messrs.  Campbell  and  Sons,  of  Glasgow. 

The  "Xormaxdy,"  new  paddle-wheel  steamer,  built  by  Messrs.  Ash,  of  Millwall,  for 
the  South- Western  Railway  Company,  tested  her  machinery,  which  were  manufactur 
Mr.  J.  Stewart,  Poplar,  on  the  3rd  ult.    During  her  trip  to  the  N'ore,  her  engines,  which 
are  of  225  nominal  horse-power,  were  worked  up  to  eight  times  that  amount,  o 
horse-power,  and  a  speed  of  17  knots  per  hour  was  obtained.    Her  draught  of  water  was 
8ft.  Sin.  forward,  and  8ft.  aft. 

Tri.u.  of  the  "  Wo-Kee." — This  fine  screw  steamer,  built  by  Mr.  Laing,  of  Sunderland, 
for  the  China  and  Japan  trade,  had  her  trial  trip  on  the  9th  ult.,  when  she  steamed  on 
an  average  about  11  miles  an  hour.  She  was  engined  by  Mr.  John  Key,  Kirkcaldy;  the 
engines  of  BO  horse-power,  being  those  that  were  exhibited  by  him  in  the  Exhibition 
of  last  year;  and  illustrated  and  described  in  The  Artizax-  Exhibition  Series,  No.  j. 
Her  engines  averaged  86  revolutions  a  minute.  The  Wo-Kee  is  a  vessel  of  600  tons, 
builders' measurement.  Her  dimensions  are:— Length  over  all,  185ft. ;  breadth,  26ft. ;  and 
depth,  I6ft. 

LAUNCHES. 

Lauxch  of  ax  Aitstraliax  RrvEE  Steamer. — On  the  3rd  ult.  an  iron  screw  steam- 
vessel,  named  the  Nuffield,  was  launched  from  the  premises  of  the  builders,  Messrs. 
James  Ash  and  Co.,  Poplar.  After  the  launch  the  vessel  was  removed  into  dock  to  be 
fitted  with  her  machinery  and  boilers,  previous  to  being  forward  :d  to  her  owners  in 
Australia,  where  she  will  be  used  for  river  passenger  traffic.  The  Hatfield  is  1770  tons 
burden,  length  215ft.,  and  breadth  25ft.  6in. 

The  "Wolverexe,"  to  carry  an  armament  of  21  guns,  has  been  launched  from  the 
shipbuildint'  yard  at  Woolwich.  Iter  keel  was  laid  down  in  the  spring  of  1859.  Her 
principal  dimensions  are — length  over  all,  253ft  lin.;  length  between  perpendiculars, 
225ft. ;  length  of  keel  for  tonnage,  196ft. ;  breadth  extreme,  40ft.  9in. ;  ditto  for  tonnage, 
40ft.  Sin. ;  ditto  moulded,  39ft.  9in. ;  depth  in  hold,  24ft.  tin. ;  burthen  in  tons,  1703  59 1  ; 
horse-power,  100.  Her  draught  of  water  (when  she  had  about  30  tons  on  board)  was 
found  to  be  16ft  aft.,  and  9ft.  forward.  She  will  be  brought  forward  for  the  first-class 
steam  reserve,  . 

Lacxch  of  the  "  El  Mocv assir,"  Irox  Ram.— Wc  noticed  in  The  Artizan  of  August 
the  launching  of  an  iron-plated  steam  ram,  from  Messrs.  Laird  Bros.,  llirkenhead  ; 
another  of  these  vessels,  named  the  El  Mouruutir,  which  may  be  translated  as  the  Viatory, 
was  launched  by  this  tirm  on  the  29th  August.  The  length  of  the  vessel  over  all  is  about 
230ft.;  beam  extreme,  42ft.  ;  depth,  19ft.  Sin.;  tonnage,  about  1860  tons,  O.K.;  power 
of  engines,  860  horse  power.  The  model  of  the  vessel  will  combine  speed  with  good  sea- 
going qualities.  The  stem  is  formed  so  that  the  vessel  maybe  used  as  a  ram,  and  the 
stem  is  arranged  so  as  to  afford  protection  to  the  screw  and  the  rudder  from  shot  or  col- 
lision. The  rig  will  he  that  of  a  barque  with  long  lower  mast-  of  Ironj  the  lower  yards 
arc  also  of  iron.  The  cylindrical  cupola  towers,  on  Captain  Cowper  Cole's  patent,  are  to 
be  till  i  ■■■  and  the  other  abaft  the  cin.'iiii-nioiii,  cased  witli  thick  armour  plates. 

The  armour  plating  of  the  ddi  I  in.  thick  amidships,  and  rather  I 

the  extreme  ends.     The]  .red  on  to  a  teak  backing  of  great  thickness.    The 

deck  of  the  vessel  is  also  covered  with  iron  plates, 

Tbe  "Laiuii."  Bguw   sti  immi,  for  the  Glasgow  and   Londonderry  Steam  P 
Company,  and  Intended  to  tin  up  the  place  oi  the  well  known  Tkittle,  h:is  been  re 
launched  from  the  yard  of  Me  »rs.  a.  and  .1.  [ngl(s,on  the  Clyde.    Her  dimensions  arc: — 
Length  In  keel  and  lor.  rake,  185ft;  breadth  moulded,  26ft.;  depth  moulded,  Wft;  and 
tonnage,  666   B.M.     she   will  by  a  pair  of  piston-rod   geared  engines,  the 

nominal  hone-power  being  1 1". 
Tun  Pu>m  inched  from  the  dockyard  of  U 

Laird  Bros.,  Birkenhead,  ■  are  her  dim   i  ■      i. 

ii  perpendiculars,  >eam,  28ft.;  depth,  tons;   en- 

II. P.;  her  paddle-wheels  stherlng  principle.    The 

,11  built  for  the  1. Ion  and  North-Westera  Bailway  Company,  for  the  cattle 

trad-  between  Holyhead  and  Dublin,    sic-  has  a  hurricane  deck  extending  from  tin 

amodation;  so  thai  tin- whole  of  the  'tween  decks  and  lower  holds  arc  available  for 

.ding  down  from  the  haf  1.  tattle 

and  oui  ol  the  holds,     1  h  n  eon. 

strncted  bj  Messrs.   Laird  Brothers,  and  will  befitted  on  board  in  one  of  the  docks  at 
their  works. 

At  Cork  a  labi  m  mi  a  wo   launched  from  the  yard  of  Hi  -  re,  G.  Bobin- 

■on  and  Co.,  on  the  14th  ult.    Bhe  has  been  bnilt  for  Messrs.  Halcolmson,  Portia* 

London  and  Oporto.    Her  proportion    are  876ft. 
beam,  31ft. ;  depth  of  hold,  18ft.;  and  her  burthen,  12   1  ingthe 

large  I  iron  iteamship  ever  bnilt  af  Cork. 

Tin;  "  s-.'u  i-i.i.,  .  trail!  by  Messrs.  Coird  and  Co,  of  G 

arrive  ,  [sie  of  Man,  for  service  between  that  place  and  Liverpool,    she  is 

rth,  26ft.  beam,  and  draws  8ft.  of  water.    Th  the 

some  firm,  are  of  260  horse-power.    In  a  trial  trip  on  the  Clyde  -da 

:  hour. 
Tiik"IIki,ex  Si.vr  ni»,"  a  line  screw  steamer,  was  launched  on  the  I2tu  a 
yard  of  !  Co.,  Low  Walker.    The  Helen 

1  ompany,  and  is  Intended  1  1 
collier-,  between  the  Tyne  and  1.  mdon.    Her  dimensions  are  19  I 
and  17ft  depth  of  hold.    Her  engines  will  bo  supplied  by  M«      ,  B.aadW,  Hawthorn, 
and  will  be  of  9o  nominal  b 

Tur:  "  Noi.a,"  paddle  steamer,  was  launched  from  the  yard  of  .Me, srs.  Colrd  a 

i,  on  the  I2tfa 

broad,  and  I3ift.  dee],.     Sh»  will  b-  fitted,  ' 

260  horse-power,  with  tubular  boiler  fitted  id  abafl  tl n 

Thb  "Mama  Pia,"  serew  steamer  of  618  tons,  built  by  Me    r».  J.  H  .   Port 

Glasgow,  and  belonging  to  the  Lusltarrla  Steam  Packet  Compan  >as  launched 

on  the  121I1  ult.    1  i  ire  of  120  hoi 

and  will  be  supplied  by  Messi  .  tlacnab  and  Co.,  •  foundry, 

TELEGRAPHIC  ENGINEERING. 
The  Tkleorach  Act,-  Th«  Act  pass., i  on  the  doj  "i  the  p  its  the 

I  ie  oi  powers  under  ipecial  Acta  for  thi 
has  been  printed.     It  contains  as  many  as   ~>i  Motknu,     Baton  aaampanj  pTOOW 


place  a  telegraph  over,  along,  or  across  a  street,  not  being  a  street  in  the  metropolis  or  in 
a  city,  or  a  public  road,  or  to  place  posts,  they  are  to  publish  a  notice  that  they  have  got 
the  consent  of  the  body  having  the  control  of  the  street,  and  leave  notice  at  the  dwelling 
houses,  and  are  not  to  place  the  telegraph  until  after  21  days'  notice,  during  which  time 
Objections  can  be  made  to  the  Board  of  Trade.  If  any  person  in  the  employ  of  a  com- 
pany wilfully  or  negligently  omits  or  delays  the  transmission  or  delivery  of  any  message, 
or  improperly  divulges  to  any  person  the  purport  of  any  message,  he  may  for  every  su:h 
offence  be  liable  to  a  penalty  not  exceeding  £20.  All  messages  on  her  Majesty's  service 
are  to  have  priority,  and  on  the  request  of  the  Board  of  Trade  a  telegraph  is  by  a  com- 
pany to  be  placed  tor  the  exclusive  use  of  her  Majesty.  The  Act  further  provides  that 
in  case  of  an  emergency  telegraphs  may  be  taken  possession  of  for  her  Majesty's  service 
by  a  warrant  from  the  Secretary  of  State.  The  warrant  is  only  to  be  in  force  one  week, 
but  successive  warrants  may  be  issued.  The  Treasury  in  such  ease  is  to  pay  the  com- 
pany for  the  loss  sustained.  A  company  may  be  proceeded  against  by  the  law  officers  of 
the  Crown  on  a  certificate  from  the  Board  of  Trade  that  any  provision  of  the  Act  has  not 
been  complied  with,  or  that  compliance  would  be  for  the  public  advantage. 

The  Ixdiax  Telegram  Cable. — The  Kirkham,  1061  tons  registry,  with  about 
ls7  miles  of  this  cable  on  board,  left  Gravesend,  on  the  11th  ult.,  for  the  Persian  Gulf, 
her  precise  destination  being  Bagdad.  This  is  the  second  portion  that  has  gone  out, 
and  the  remaining  lengths  will  be  conveyed  in  three  sailing  vessels  and  a  steamer.  The 
entire  length  is  upwards  of  1200  miles,  and  the  weight  about  5000  tons. 

The  Malta  axd  Alexandria  Cable. — 'i'he  Hawtnorne  arrived  at  the  supposed 
place  of  the  fault  of  this  cable,  about  61  miles  from  Alexandria,  on  the  10th  of  August. 
and,  after  creeping  for  five  days  across  the  line  in  which  the  cable  was  laid,  a  fragment 
of  the  cable,  about  half  a  mile  in  length,  was  picked  up  in  27  fathoms.  The  creeping 
was  then  repeated,  and  an  end  raised,  which,  on  testing,  was  found  to  be  in  communica- 
tion with  Benghazi.  Four  more  detached  pieces  of  the  cable  were  picked  up.  of  about 
half  a  mile  each  in  length,  and  on  the  17th  an  end  was  found  that  was  in  perfect  com- 
munication with  Alexandria.  A  new  piece  of  cable,  about  seven  miles  and  a  half  long, 
was  spliced  in,  and  perfect  communication  restored  throughout  the  whole  line.  In  the 
short  length  of  three  miles  that  was  actually  picked  up  there  was  no  less  than  ten  faults, 
where  the  cable  had  been  completely  severed,  evidently  for  some  time.  There  are  still 
about  four  miles  of  unconnected  cable  left  at  the  bottom,  but  in  what  condition  it  is 
impossible  to  tell.  Some  160  sponge-boats  were  found  by  the  Jluv-thorne  at  work  on  the 
spot,  and  the  inference  is  that  their  anchors  cut  up  the  cable,  which  at  this  part  is  a 
deep-sea  cable  of  small  diameter,  two  of  the  boats  having  been  found  with  their  anchors 
foul  of  it.  The  navigation  and  direction  of  the  ship  were  entirely  confided  to  Lieutenant 
Drew,  who  was  present  at  the  laying  of  the  cable. 

The  Atlantic  Telegraph  Company  have  raised  the  capital  they  required,  and  the 
directors  have  selected  the  tender  of  -Messrs.  Glass,  Elliot,  and  Co.,  who  undertake  to  lay 
the  cable  across  the  Atlantic  before  the  end  of  the  year  1864. 

Thi  Bagdad  Telegraph  of  the  Ottoman  Government  is  being  continued  by  the  En- 
glish Government  as  a  line  to  India,  and  there  is  every  probability  that  next  year  the 
telegraph  Will  be  in  operaiton  through  Constantinople  and  Bagdad  from  London  to 
Persia,  Calcutta,  Bombay,  Madras.  Ceylon,  and  the  frontiers  of  China.  This  will  be  the 
prelude  of  the  through  line  of  railway  from  London  to  India.  The  Imperial  Govern- 
ment, finding  that  the  telegraphic  administration  had  fallen  into  a  deplorable  state,  has 
removed  the  director  general,  appointed  a  new  one,  and  restored  order  in  the  manage- 
ment. 

RAILWAYS. 

Coxxi ,1 Tivo  Ar.nERsnoTT  Camp  wrra  Loxdox. — The  project  for  connecting  Alder- 
shott  camp  with  London  by  a  railway  junction  is  now  assuming  a  more  definite  form. 
According  to  the  "preliminary  prospectus"  issued,  the  proposed  line  will  be  about  7i 
miles  in  extent,  commencing  from  the  Bouth-Westcrn  Hallway  between  the  Woking  and 
Karnborough  stations,  proceeding  by  a  direct  route  to  Aldershott  and  thence  to  a  point 
near  to  the  Farnham  station  of  the  "London  and  South-Western  Railway  Company.  It 
can  be  connected  also  with  the 8outh- Eastern  Bailway  at  or  near  North  Camp  or  Ash 
Church  stations,  whereby  the  whole  of  the  military  (material  and  commissariat  stores 
from  Chatham,  Woolwich',  and  the  Tower  will  be  conveyed  direct  to  the  Government 
by  rail.  The  capital  calculated  as  sufficient  to  complete  the  undertaking  is  £75,0"  >, 
which  it  Is  proposed  to  raise  in  7600  shares  of  Lin  each. 

Turkish  Railways.— The  Smyrna  and  Aden  Company  has  received  the  new  finnan 
for  its  extension  to  Aden,  and  'is  taking  measures  fur  its  Boojoh  branch.  The  Varna 
Railwa  ally  launched,  its  capital  obtained,  and  its  arrangements  are  steadily 

proceeding. 

A  New  Railway.— A  survey,  it  is  understood,  is  now  proceeding  fbl 

i  >  obtain  parliamentary  powers  in  the  next  session  for  the  eon- 
:  railway  from  the  Brighton  and  Sonth-Western  on  Wandsworth  Common 
to  Wimbledon  Common,  Kingston  vale,  Norbiton,  Petersham,  Blchmond  Kew,  an  I 
join  the  Nortl  a-Westemat  Brentford.    The  project,  11  Is  sold,  is  earnestly  sup- 

ported by  the  .Nation:  lotion. 

Railway  Rolling  Stock.— The  gradual  Increase  in  the  rollln  the  variou 

railway  come  striking.    Thus  the  Bristol  and  Exeter,  which  had, 

lives  and  117!  carriages  of  various  kind-,  hod  advanced  at  tin   closi 
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1861  the  earnings  further  increased  to  £28,565,355,  the  extent  of  effective  lines  being 
10,865  miles;  and  in  1862  there  was  a  further  expansion  to  £29,123,558,  produced  by 
11,551  miles.  The  progress  effected  in  the  last  three  years  is  £3,385,056,  so  that  this  is 
not  a  very  improbable  assertion.  The  working  expenses  of  British  railways  do  not  appear 
to  be  proportionately  reduced,  the  ratio  to  the  rough  receipts  last  year  having  been  49 
per  cent.,  as  compared  with  43  per  cent,  in  1861.  Thus,  while  the  profits  of  1861  are  re- 
turned at  £14,691,296,  in  1S82  they  only  increased  to  £14,820,691. 

The  Ludgate-hill  Viaduct. — The  City  Commission  of  Sewers  have  held  a  meeting, 
at  which  a  design  of  the  proposed  railway  viaduct  across  Ludgate-hill  was  submitted  for 
approval  by  the  solicitors  to  the  London,  Chatham,  and  Dover  Railway  Company,  who 
had  engaged  to  make  the  structure  after  a  design  to  be  sanctioned  by  the  Commissioners. 
The  Company  propose  to  widen  Ludgate-hill  to  the  extent  of  16ft.,  by  setting  back  the 
houses  that  are  on  the  south  side  of  the  hill,  from  about  the  Old  Bailey  to  Bridge-street. 
The  present  width  of  the  bill  is  41ft.  The  alterations  make  it  60ft.,  with  a  carriage  way 
30ft.  broad.  The  proposed  viaduct  would  allow  a  clear  headway  of  18ft.  for  the  carriage 
traffic,  and  have  sides  8ft.  high.  It  would  be  an  iron  structure,  with  a  span  of  60ft.,  and 
with  ornamental  brackets  at  each  end,  placed  against  the  sides  of  the  abutments,  and 
leaving  a  head  way  for  foot  passengers  of  about  9ft.  A  great  deal  of  surface  ornamen- 
tation was  shown  bn  the  sides,  giving  the  appearance,  at  first  sight,  of  an  open  perforated 
bridge;  but  it  would  have  an  interior  lining  to  prevent  the  fall  of  burning  cinders  from 
the  passing  trains.  Mr.  Haywood,  the  engineer,  took  occasion  to  warn  them  that  the 
structure,  when  erected,  might  fall  short  of  the  expectations  formed  from  its  appearance 
on  paper. 

EAILWAY   ACCIDENTS 

Accident  ok  the  West  Cornwall  Railway. — On  August  31st,  the  train  leaving 
Truro  at  a  quarter  past  7  o'clock,  on  arriving  at  Penwither's-bridge,  about  half  a  mile 
from  the  station,  came  in  contact  with  a  "  trolly."  The  engine  was  thrown  off  the  rails, 
and  overturned  in  the  centre  of  the  bridge,  which  gave  way.  The  engine  tender  and 
third-class  carriage  were  then  precipitated  to  the  road  beneath,  a  depth  of  from  16ft.  to 
20ft.  Another  third-class  carriage  rested  upon  those  which  had  fallen,  and  thus  checked 
the  other  carriages  of  the  train,  which  at  once  came  to  a  stand-still.  The  engine-driver 
was  killed  on  the  spot.  The  two  third-class  carriages  were.empty,  and  the  passengers  in 
the  other  carriages  escaped  injury. 

Collision  on  the  North-Eastern  Railway. — On  the  evening  of  the  7th  ult.  the 
Parliamentary  train  from  York  to  Newcastle,  which  is  due  at  10.5,  ran  completely 
through  a  mineral  train,  consisting  of  25  ironstone  waggons,  heavily  laden,  which,  at  the 
moment,  happened  to  be  passing  over  the  very  dangerous  point  where  the  Stockton  and 
Darlington  and  North-Eastern — two  of  the  busiest  lines  for  mineral  traffic  in  the 
kingdom — cross  each  other  at  right  angles.  Behind  the  engine  and  tender  of  the  pas- 
senger train  were  three  or  four  third-class  carriages,  all  occupied.  These  were  thrown  off 
the  line  by  the  force  of  the  concussion,  and  although  greatly  crushed,  fortunately  pre- 
served their  perpendicular.  One  of  the  waggons  was  carried  on  the  buffers  of  the  engine 
a  distance  of  several  yards,  and  acted  as  a  powerful  break.  Another  was  pitched  end 
over  into  a  ditch  close  by ;  and  a  third  fought,  as  it  were,  in  the  front  rank  of  the  mineral 
tram  with  the  passenger  train  for  the  right  of  way,  and  so  caused  .the  injury  to  the 
carriages.    Fortunately  no  lives  were  lost. 

Accident  on  the  North  London  Railway. — On  the  morning  of  the  12th  ult.  an 
accident  occurred  to  a  North  London  Railway  train  within  a  few  yards  of  the  Fenchurch- 
street  station.  The  train  in  question  was  the  10.20  from  Camden-road,  and  consisted  of 
some  ten  or  eleven  carriages,  three  of  which  were  first-class  and  the  remainder  second- 
class  carriages  of  the  North  London  line.  It  was  due  at  Fenchurch-street  shortly  before 
eleven  o'clock,  and  the  pace  of  the  train  had  been  slackened  to  run  into  the  North 
London  compartment.  Suddenly  a  very  severe  shock  was  felt  by  the  passengers,  and 
many  in  the  foremost  carriages  were  thrown  from  their  seats,  when  it  was  discovered 
that  the  engine  No.  2,  of  the  composite  class— that  is,  with  the  boiler  and  tender,  &c, 
attached,  and  ordinarily  in  use  on  the  North  London  line,  had  left  the  metals  and  had 
dashed  against  the  walls  of  the  viaduct,  carrying  a  great  portion  of  it  away.  The  escape 
of  both  train  and  passengers  was  most  fortunate,  for  had  the  engine  proceeded  a  foot  or 
two  further  it  must  have  been  precipitated  over  the  viaduct,  and  in  all  probability  have 
dragged  one  or  two  carriages  over  with  it. 

Collision  on  the  Glasgow  and  South-Western  Railway. — On  the  night  of  the 
10th  ult.  a  collision  occurred  between  two  heavily-laden  luggage  trains  at  Mauehline 
station.  The  railway  between  Kilmarnock  and  Auchinleck  station  is  at  intervals  on  a 
slight  incline,  and  between  these  two  stations  two  engines  are  generally  employed  for 
trains  which  on  other  parts  of  the  line  require  but  one.  On  the  night  mentioned  a  train, 
consisting  of  above  30  trucks,  passed  along,  and  on  coming  to  Auchinleck  stopped  to 
take  on  more  trucks.  There  were  two  guards  with  this  train,  one  of  whom  was  on  one 
of  the  engines  and  the  other  in  the  van  at  the  end  of  the  train.  The  former  uncoupled 
some  of  the  waggons  to  admit  these  to  be  taken  on,  and  it  was  the  duty  of  the  latter  to 
put  on  the  break  at  his  end  of  the  train.  There  is  reason  to  believe,  however,  that  he 
was  asleep,  and  on  the  couplings  being  loosened  the  latter  part  of  the  train  commenced 
to  run  down  the  incline.  It  ran,  gathering  velocity  as  it  went,  for  about  four  miles,  and 
was  nearing  Mauehline  station,  when  it  was  met  by  another  train  drawn  by  two  engines. 
A  collision  occurred,  and  the  van  of  the  runaway  being  smashed,  the  guard  was  crushed 
to  death.  The  first  engine  of  the  second  train  was  thrown  on  its  side,  the  nearest 
waggons  of  the  other  train  being  thrown  over  it. 

Accident  on  the  Great  Eastern  Railway. — On  the  21st  ult.  as  the  4.5p.m.  down 
train  from  Norwich  to  Great  Yarmouth  was  running  between  Reednam  and  Yarmouth, 
the  tender  of  one  of  two  engines  by  which  it  was  propelled  left  the  rails.  Both  the  en- 
gines and  the  other  tender  and  all  the  carriages  remained  on  the  metals,  and  no  injury 
was  sustained  by  any  of  the  passengers,  as  the  train  was  promptly  brought  to  a  stand- 
still.   The  accident  occurred  near  the  Berney  Arms  station. 

Railway  Collision  between  Ashton  and  Stalyeridge.— A  collision  occurred 
about  two  o'clock  on  the  afternoon  of  the  19th  ult.,  between  Ashton  and  Stalybridge,  on 
the  Manchester,  Sheffield,  and  Lincolnshire  line,  by  the  passenger  train  due  at  Ashton  at 
1.55  running  into  a  luggage  train  shortly  after  leaving  Stalybridge.  The  luggage  train 
was  standing  on  the  line  at  the  time.  The  train  was  proceeding  at  a  rapid  space,  and, 
by  the  force  of  the  collision,  many  of  the  passengers  received  injuries  more  or  less 
severe.  The  carriages  were  thrown  off  the  line,  and  many  of  them  were  damaged  to  a 
considerable  extent. 

ACCIDENTS  TO  MINES,  MACHINERY,  &c. 

Colliery  Accident  near  Newcastle.— An  accident  has  happened  since  our  last,  at 
Burradon  Colliery,  about  six  miles  from  Newcastle,  in  which  pit,  about  three  years  ago, 
ninety  men  lost  their  lives  by  an  explosion  of  fire-damp.  The  present  accident  represents 
m  its  general  features  that  of  the  Hartley  calamity,  but  without  the  loss  of  life  that  there 
occurred.  About  one  o'clock,  while  the  engine  was  working,  the  winding  machine 
balance-weight  became  detached,  came  crashing  down  through  the  engine-house,  smashed 
the  machinery  and  broke  the  two  winding  ropes.  The  two  cages  having  thus  nothing 
to  hold  ttiem  fell  to  the  bottom,  completely  cutting  off  all  communication  with  the  men 
below.  There  were  between  one  and  two  hundred  men  and  boys  down  the  pit  at  the  time. 
Under  the  guidance  of  some  who  knew  the  workings  thoroughly,  they  sought  a  passage 


to  the  shaft  of  Seghill  Colliery,  which  is  about  three  miles  distant ;  and  though  con- 
stantly exposed  to  danger  from  disturbing  stoppings,  &o,,  they  steadily  made  their 
way  out. 

Quarry  Accident  at  Cardiff. — On  the  14th  ult.  an  accident  occurred  at  Llandaff 
Stone  Quarry,  about  two  miles  from  Cardiff,  which  resulted  in  the  death  of  two  men  and 
serious  injuries  to  seven  others.  The  quarry  in  question  is  of  rather  an  extensive  de- 
scription, and  supplies  material  for  the  construction  of  the  Penarth  Harbour  Dock.  The 
depth  being  somewhat  considerable,  an  engine  is  employed  to  raise  the  blocks  of  stone. 
This  engine  overhanges  the  pit  of  the  quarry,  and  is  supported  upon  two  large  beams  of 
wood.  As  the  work  was  proceeding  on  the  evening  in  question  a  more  than  usually  large 
piece  of  stone  had  to  be  raised.  The  engine  had  raised  the  stone  some  slight  distance  when 
the  beams  upon  which  the  engine  rested  were  discovered  to  be  giving  way,  but  before  any- 
thing could  be  possibly  done  the  whole  structure — beams,  engine,  stone  work,  and  ruins 
— fell  down  the  pit. 

Accident  At  Auckland  Park  Colliery. — The  scene  of  this  accident  is  about  one 
mile  and  a  half  from  Bishop  Auckland,  and  lies  in  close  proximity  to  the  Stockton  and 
Darlington  Railway.  The  colliery  is  the  property  of  the  Black  Boy  Coal  Company.  It 
appears  that,  in  consequence  of  government  requirements,  the  Messrs.  Wood  were 
engaged  in  sinking  a  new  shaft  about  fifty  yards  distant  from  the  old  one,  so  that,  in  case 
of  a  similar  fatality  to  the  recent  one  at  Hartley,  or  any  accident  to  the  regular 
mode  of  egress,  the  men  would  still  have  ample  means  for  their  release  in  a  very 
short  time.  Although  this  was  the  principal  reason  for  the  sinking  of  the  new  shaft,  it 
was  not  the  only  one,  as  it  was  intended  to  sink  to  the  bottom  or  working  seam ;  but  a 
rich  seam  considerably  nearer  the  surface  was  the  one  from  which  the  coal  had  to  be 
obtained.  Four  seams  had  already  been  passed,  when  it  was  found  necessary  to  fix  a  tap 
in  the  tubing  for  the  purpose  of  relieving  it  from  the  pressure  of  water  to  which  it  was 
subject.  This  tap  was  proposed  to  be  fixed  about  54  fathoms  from  the  top  of  the  shaft, 
and  with  that  object  a  half-cradle  was  lowered  on  the  13th  ult.,  on  which  were  six  men. 
They  proceeded  with  their  work  until  ten  o'clock,  when  they  were  joined  by  Mr.  Coulson, 
of  Durham,  the  contractor,  and  the  work  then  proceeded  under  his  superintendence, 
when  shortly  afterwards,  while  four  of  the  men  were  engaged  is  raising  the  tap  to  the 
"  nozzle  "  or  branch  pipe,  the  cradle  "  canted,"  and  they  were  precipitated  to  the  bottom 
— a  distance  of  51  fathoms.  The  cradle  righted  almost  instantly,  and  it  was  discovered 
that  four  of  its  occupants  had  been  at  once  killed. 

BOILER  EXPLOSIONS. 

Boiler  Explosion  at  Dukinfield. — An  accident  took  place  on  the  19th  ult.  at  the 
boiler  works  of  Messrs.  Fernihough,  Newton  Moor,  by  which  two  men  lost  their  lives. 
It  appears  that  about  half-past  ten  a  number  of  boiler-makers  were  engaged  in  testing 
what  is  termed  a  balloon  boiler,  or  wrought  iron  still,  used  at  chemical  worlcs  for  the 
purpose  of  boiling  tar.  Before  these  boilers  are  sent  out  it  is  usual  to  see  whether  there 
are  any  leakages  in  the  joints.  The  workmen  were  engaged  in  this  duty  when  the  over- 
pressure of  steam  suddenly  blew  out  the  bottom  of  the  boiler. 

WATER    SUPPLY. 

The  Aberdeen  New  Water  Works  about  to  be  constructed,  will,  it  is  calculated, 
supply  the  city  with  5,000,000  gallons  per  day.  The  maximum  quantity  at  present  avail- 
able is  1,200,000  gallons. 

Water  Works  for  Brecon. — At  a  recent  meeting  of  the  Brecon  Local  Board  of 
Health,  it  was  agreed  that  it  was  necessary  to  have  a  sufficient  supply  of  wholesome 
water  for  the  inhabitants  of  the  town,  and  such  supply  of  water  be  confined,  preferably, 
if  not  absolutely,  to  the  source  at  Rhydgoch,  on  or  near  the  spot  indicated  by  the  town 
surveyor.    It  appears  that  the  estimated  cost  of  the  works  does  not  exceed  £4600. 

The  Water  Supply  of  London. — The  analyses  of  Dr.  R.  Dundas  Thompson  of  the 
metropolitan  waters,  in  August,  offer  some  points  of  interest  and  importance.  There  was 
a  slight  increase  upon  the  organic  and  total  impurity  of  the  preceding  month.  More- 
over, the  Thames  water  at  London-bridge,  at  high  water,  was  highly  charged  with  im- 
purities and  sea  water,  three  experiments  having  yielded  a  mean  of  232'67  degrees  of 
total,  and  26'38  degrees  per  gallon  of  organic  impurity,  while  the  amount  of  ammonia 
from  the  sewage  was  743  grains  per  gallon.  One  of  the  wells  in  St.  Marylebone  con- 
tained as  much  as  2'72  grains  of  ammonia  per  gallon.  The  following  is  the  analysis  as 
in  the  Registrar-General's  returns : — 
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The  following  is  the  reading  of  the  table : — Loch  Katrine  water  contains  in  the  gallon 
2'35  degrees  or  grains  of  foreign  matter  in  solution,  of  which  '605  degrees  or  grains  are 
of  vegetable  or  animal  origin. 

GAS    SUPPLY. 

The  Cardiff  Gas  Light  and  Coke  Company  have  further  reduced  their  price  of  gas 
3d.  per  1000  cubic  feet,  and  have  declared  their  usual  dividend.  The  price  is  now  3s.  3d. 
to  small  consumers. 

The  Liverpool  United  Gas-light  Company  have  declared  a  dividend"of  5  per  cent, 
for  the  past  half-year  on  the  consolidated  stock  of  the  company.  After  complying  with 
the  demands  of  their  Act  of  Parliament,  and  having  a  large  net  surplus,  the  directors 
have  recommended  a  further  reduction  in  the  price  of  their  gas,  namely,  to  all  consumers 
within  the  borough  2d.  per  1000  cubic  feet ;  and  to  all  consumers  in  the  out-townships 
3d.  per  1000  cubic  feet;  making  the  actual  charge  for  gas  in  the  borough  3s,  5d.,  and  in 
the  out-townships  3s.  9d.  per  1000  cubic  feet. 
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City  Gas. — At  a  recent  meeting  of  the  City  Commission  of  Sewers,  Dr.  Letheby  sub- 
mitted a  quarterly  report  of  the  illuminating  power  and  chemical  quality  of  the  gas  sup- 
plied to  the  city  of  London.  The  report  referred  to  the  testing  of  the  gas  inthe  city 
laboratory  at  Jewry  Chambers,  Aldgate,  and  it  is  stated  that  735  examinations  had  been 
made  of  the  illuminating  power  of  the  gas  during  the  quarter,  the  result  of  which  was 
as  follows : — 

Illuminating  Power  in  Standard  Candles. 

Maximum.        Minimum.         Average. 
Great  Central  Company  1605  12'H  W15 

Chartered  Company  14-65  1079  1303 

City  Company  16'26  8'50  137s 

From  this  it  appears  that  the  illuminating  power  of  each  company's  gas  had  been  gene- 
rally very  good.  In  the  case  of  the  City  Company's  gas,  when  the  illuminating  power  fell 
to  8.50,  it  was  caused  by  the  unavoidable  access  of  air  to  the  gas,  while  the  main  was 
being  laid  in  the  neighbourhood.  The  chemical  quality  of  the  gas  as  regards  the  propor- 
tion of  sulphur  present  had  not  been  satisfactory,  for  in  a  large  majority  of  cases  the 
amount  of  sulphur  was  largely  in  excess  of  the  quantity  authorised  by  Parliament.  This 
is  evident  from  the  following  sulphur  in  100ft.  of  gas : — 

Maximum.       Minimum.        Average. 

Great  Central  Company  282  12'9  18*8 

Chartered  Company  28-9  169  23'1 

City  Company  30  9  17  7  231 

In  26  examinations  of  the  Great  Central  16  were  above  the  Parliamentary  proportion;  in 

29  of  the  Chartered  25  were  above  it,  and  in  27  of  the  City  Company  23  were  above  it. 

The  pressure  of  the  gas  had  in  each  case  been  good,  exceeding  that  of  one  inch  of  water. 

A  question  was  then  asked  whether  or  not  sulphur  in  coal  gas  was  injurious  to  health  ? 

Dr.  Letheby  replied  that  unless  the  proportion  was  so  large  as  to  be  offensive  to  the 

smell,  and  actually  to  interfere  with  breathing,  he  could  not  say  it  would  be  injurious  to 

health ;  but  as  the  products  of  the  combustions  of  sulphur  were  exceedingly  injurious  to 

all  textile  fabrics,  Parliament  had  considered  |it  right  to  prohibit  the  existence  of  more 

than  20  grains  of  sulphur  in  100  cubic  feet  of  gas. 

The  Calxe  < '•  \s  C'oxrp.i.vr  have  reduced  the  price  of  gas  from  as.  10J.  to  5a.  per  1000 
feet,  from  and  after  the  ''1st  December,  1863 ;  with  5  per  cent,  off  to  consumers  of  10,000 
feet  and  upward  in  a  quarter. 

The  WiTnAit  Gas  Company  have  declared  a  dividend  of  "\  per  cent.,  and  have  reduced 
the  price  of  their  gas  to  5».  per  1000  feet. 

At  the  Wallasey  Local  1!oa  p.d  Meeting  the  gas  proceedings  comprised  a  statement 
of  the  actual  cott  of  the  manufacture  of  gas  by  the  board,  showing  the  aggregate  cost  of 
making  and  supplying  during  the  past  year  to  be  2a.  8d.  per  1000  cubic  feet. 

At  Great  Bakijfii.lu  it  is  proposed  to  erect  gasworks  at  a  cost  of  £1000,  and  a 
limited  company  is  being  formed  for  that  purpose. 

TnE  Poktsea  Isla.vo  Gas  Company  have  declared  a  dividend  of  8  per  cent.,  per 
annum. 

At  Machyxllkth  a  meeting  has  been  held,  at  which  t  was  resolved  to  erect  gasworks 
for  the  town.     A  company  with  a  capital  of  about  £2000  is  being  formed. 

The  Hirv  St.  Kdmikds  Gas  Company,  at  the  28th  half-yearly  meeting,  declared  a 
dividend  of  10  per  cent  on  the  old  capital,  and  "\  per  cent,  on  the  new. 

Tin;   K.isTBOt'KXi:  Gas  Company  have  declared  a  dividend  of  10  per  cent.,  and  are  in- 
itlg  their  capital  £2000,  to  enable  them  to  lay  down  new  mains  when  required,  and 
to  substitute  larger  mains  in  the  principal  thorough: 

TnE  Xewpokt  G.is  Cowan  have  declared  a  dividend  of  10  per  cent,  per  annum  on 
the  cla,s  A  shares,  and  71  pet  cent,  on  the  class  B  shares. 

!!idl'<tion  in  tiii.  Pair,.  01  Qu  at  Hristol. — From  the  first  of  January  next,  the 
coat  of  gas  at  Bristol  is  to  be  reduced  from  :j.<.  i.  per  thousand  feet. 

DOCKS,  HARBOURS,  BRIDGES,  &c. 

Liverpool  Doric  and  Bakboub  Woaas. — The  magnitude  of  the  dock  and  harbour 
works  at  Liverpool  may  be  estimated,  from  a  report  given  recently  at  .1  meeting  of  the 
dock  hoard.  In  the  year  ending  June  1868.il  appears  that  upwards  of  BOOO/MO  have 
been  spent  on  both  side-  of  the  Mersey,  In  harbour  ami  dock  works. 

New  Floating  Ilium..',  ihiwiin  IVctsmoith  and  Gosport. — A  contract  has  been 
entered    into    by  well,  -f   BlaokwaU,  with    the  directors   of 

the  Portsmouth  and  Gosport  Floating  Bridge  Company  for  the  constmction  of  a  new 
floating-bridge  foi  to  and  from  Portsmouth 

and  Gosport.  The  new  bridge  svi'l  he  100ft.  in  length  by  60ft.  in  breadth,  with  two 
balanced  prow- at  aithei  18ft,  for  receiving  and  discharging  freights  from 

n.re.    Along  the  centre  ol  ted  the  usual  deck  ami  engine- 

houses,  over  which  will  I)  •  the  promenade  deck.  <>n  cither  side  of  the  houses  will  be  the 
carriage  ways  of  equal  breadth  with  the  pr  iO  horse-power, 

nominal,  and  will  drive  two  chain  wl.  of  the  engine  house,  over  which 

are  passed  chains  nearly  2000ft.  each  In  length,  Hie  bleb  are  moored  ;,, 

with  ballast  weights  on  the  beach  just  abort  high  wat  r  mark  at  Portsmouth  and  Gosport  ; 

the  link-  of  the  1  ham  being  each  loin,  in  length,  .'.in.  wide,  and  of  lfths  iron.     By  1  r 

montli  harbour  by  thii  hi.  11  Portsmouth  and 

■  of  about  1 1  miles. 
(  i.iftov  Si  si-i  \  SIO*    P.iiiik.i:.- The  half-ycarl;.  I  held. 

The  Chairman,  In  moving  the  adoption  of  the  report,  congratulated  -r-  on 

the  progress  now  being  made  with  thi  1 

ami  ironwork  from  tTungerford ;  but  in  ordi  r  to  complete  the  work  they  had  bad  to  1  b- 
tain  H  .  and  300  torn  more  of  girders  andironworl  ,  ia<  wan 

brought  from  1 don  Wfll  DOl  more  1  h  ■■!  in.-  material  required  lor  tie 

At  the  next  annm  bridge  would  be  net  I  d.    In  reply  I 

it  was  stated  that  the  bridge  would  be  considerabl]  stronger  than  the  one  original 

signed  bv  .Mr.  Brunei.    It  would  1  width,  having  acli 

centra  for  the  carriage-wt  in  railed  fro 

on  either  aide. 

Tin  u,.-   \  French  paper  stale,  thai  all  the    nrveyi  nnd 

sounding   tot  thl    undertaking  have  i»  en  completed,  and  Ural  the  in. 
reeding  the  canal  ha  ■  bean  sol 

rtlliers,  near  Courbevoie,  man!  of  the  Heine,  • 

the  great  mercantile  port  ol  pan,  i-  to  be  c  tabllshed.    From  (I 
direction  of  Ue  Adam,  skirting  the  foot  ol  Hi 

1  n ■■!•  ill  Tiveni'. ,  pa.   ■    iiinler  .Moul   Alaire,   In  the  valley  of  Thi  illowlng  tie- 

right  side  ol  I I111I  valley,  arrive,  al  lieauvaii,  where  a  largl 

Beauvals,  II  -  illej  ol  the  Avelon,  b 

valley  of  Hrny  until  il  arrives  opposite  the  mineral  spriri  • 
the  right  into  tin— mall  valley  which  receives  the  watel 
psaaaga  through  the  not  very  alerated  table-land  r-r  the 

rivulet  has  found  an  IssUC  below  i:  ol    lleaub.-e.      II   llien  ili.-rli    Ihc 

near  si.  Soire, and  successively  arrl  ^rqucs,  and  - 

place  it  sweeps  away  the  slaughterhouse,  the  demolition   ot  which  hat  already  been  or- 


dered by  the  city;  it  skirts  the  parsonage  and  infant-school  of  Le  Pollct,  suppresses  the 
old  houses  of  the  Rue  dc  la  Lombarderie,  cuts  off  a  small  corner  from  the  cliffs,  and 
penetrates  into  the  port.  Hence  it  is  seen  that  the  point  of  division  of  the  canal  is  the 
plateau  lying  between  Forges  and  the  Abbey  of  Beaubec.  Here,  it  appears,  the  ground 
is  80  metres  (210ft.)  above  the  level  of  Paris ;  instead  of  tunnelling  the  plateau,  a  system 
of  locks  is  proposed,  which  arc  to  be  fed  by  hydraulic  machines;  but  from  what  source  or 
reservoir  these  are  to  receive  their  supply  has  not  yet  been  decided  on.  The  State,  it  ap- 
pears, has  not  been  applied  to  for  any  subvention  or  guarantee  of  interest  to  the  company 
which  undertakes  the  work. 

APPLIED  CHEMISTRY. 

Off  the  PoisoNOtrs  Effects  of  Thallium,  tiy  M.  Lamy. — In  my  memoir  on  thallium, 
I  remarked  that  the  compounds  of  the  new  metal  appeared  to  produce  poisonous  effects. 
I  attributed  in  fact  to  these  effects  the  pains  principally  in  the  lower  extremities,  and 
accompanied  with  extreme  lassitude,  from  which  I  suffered  iu  the  course  of  my  labours. 
The  facts  I  communicate  to  the  Academy  leave  no  doubt  of  the  poisonous  nature  of  the 
compounds  of  thallium,  and  I  hasten  to  publish  them,  in  order  to  call  the  attention  of 
toxicologists  and  therapeutists  to  the  subject.  I  dissolved  five  grammes  of  pure  sulphate 
of  thallium  in  some  milk  in  order  to  administer  it  to  two  puppies;  but  after  having 
tasted  the  liquid  the  animals  refused  to  touch  it  again.  The  next  day,  in  the  afternoon, 
the  door  of  the  kennel  was  left  open  by  a  servant  without  my  knowledge,  and  all  the 
milk  disappeared,  having  no  doubt  been  eaten,  as  the  sequel  will  show,  by  two  hens,  six 
ducks,  and  a  middle-sized  bitch.  Some  hours  after  the  milk  had  disappeared  the  bitch 
became  dull,  uneasy,  and  refused  to  take  her  usual  meal.  In  the  night  she  was  seized 
with  acute  griping  pains,  which  caused  her  to  howl  incessantly.  In  the  morning  the 
pains  had  subsided  neither  in  intensity  nor  frequency.  The  poor  animal  refused  all  drink 
and  nourishment ;  the  expression  of  her  face  was  changed  ;  her  body  was  drawn  up ;  her 
flanks  were  tiattened ;  her  breathing  was  oppressed,  and  there  was  abundant  salivation. 
The  hind  limbs  were  at  first  convulsed,  and  afterwards,  by  degrees,  became  paralysed. 
The  scat  of  pain  was  evidently  the  intestines,  for  she  was  calmed  momentarily  by 
pressure  and  friction  on  the  belly.  Under  the  preconceived  idea  that  thallium  is  so  small 
a  dose  could  not  produce  such  poisonous  effects,  I  did  not  dream  of  having  iodine  of 
pctaesium  administered  is  1:1  r,itid"l:  The  psi&a  did  not  appear  t';  l.sse-1  in  the  ZZVXZ' 
cf  the  day.  The  next  day  the  paralysis  had  made  progress ;  the  animal  was  in  a  state  of 
complete  prostration  ;  she  was  sensible,  however,  and  seemed  pleased  when  I  went  Heat- 
her. The  following  day  she  died,  sixty-four  hours  after  taking  the  poison.  During  the 
illness  she  was  not  observed  to  vomit  or  be  purged.  In  the  evening  we  found  one  hen 
ami  six  ducks  dead  or  dying.  In  the  birds  which  were  still  living  we  remarked  more  or 
less  complete  paralysis  of  the  lower  extremities.  Lastly,  the  two  puppies,  who  had  only 
tasted  a  very  small  quantity  of  the  poisoned  milk,  became  dull,  and  seemed  very  fatigued  ; 
soon  after  they  were  seized  with  convulsive  trembling-',  and  could  with  difficulty  keep  on 
their  hind  legs;  then  acute  pains  came  on,  and  they  died  four  days  after  taking  the 
poison,  notwithstanding  the  efforts  made  to  save  them.  On  making  a  post-mortem  ex- 
amination of  these  different  animals,  we  were  surprised  to  tt ltd  neither  lesion  nor  sign  of 
serious  inflammation.  The  gall-bladder  of  the  bitch  alone  was  distended,  and  in  some  of 
the  ducks  various  serous  membranes,  particularly  that  of  the  liver,  had  a  whitish  granulated 
appearance.  Spectrum  analysis  promptly  revealed  the  nature  of  the  poison.  On  ex- 
amining small  pieces  of  different  organs  with  the  spectroscope,  I  immediately  recognised 
thallium  by  its  characteristic,  sharply-denned  green  lias,  The  intestines  and  their  con- 
tents contained  the  metal  in  greater  abundance  than  the  muscular  flesh  and  the  bones; 
the  serous  membrane  of  the  liver  more  than  the  substance  of  that  organ.  A  tooth  gave 
no  evidence  of  the  presence  of  thallium.  Light  days  after  this  accident,  which  had  de- 
prived me  of  a  beautiful  sporting  dog,  and  most  of  my  poultry,  I  remarked  that  a  second 
lien  was  dull ;  her  wings  drooped,  and  it  was  with  difficulty  she  kept  herself  on  her  feet; 
and,  curious  to  see,  when  she  attempted  to  eat  her  neck  did  not  seem  long  enough ; 
when  she  pecked  her  beak  could  not  reach  the  food.  She  languished  in  this  state  three 
days,  when  I  had  her  killed.  I  was  able  to  prove  the  presence  of  thallium  in  her  intes- 
tine-, although  in  very  minute  quantity;  in  other  organs  I  did  not  remark  atraec.  Thus 
eleven  aniniaN— two  hens,  six  ducks,  two  puppies,  and  a  middle-sized  bitch— had  died 
from  the  effects  of  live  grammes  of  sulphate  of  thallium.  To  be  still  more  convinced  of 
the  energy  of  the  poison,  1  gave  one  deci-gramme  only  to  a  third  puppy,  and  this  animal 
also  died  i'orly  hours  alter  having  taken  the  poison.  From  the  preceding  facts  it  results 
that  sulphate  of  thallium  is  an  energetic  poison,  and  that  the  two  principal  symptoms  it 
produces  arc,  in  the  first  place,  pain  in  the  intestines,  manifested  by  violent  griping,  and, 
in  the  second  place,  trembling,  succeeded  by  more  or  less  paralysis  of  the  lower  extremi- 
ties. Perhaps  I  may  add  constipation,  retraction  and  depression  of  the  belly,  and  an 
absolute  want  of  appetite  to  fhe  above-mentioned  symptoms,  but  I  confine  "myself  to 
those  which  most  struck  me.  I  shall  remark  besides  the  analogy  of  these  symptoms  to 
those  produced  by  lead.  The  foregoing  facts  deserve  the  attention  of  physicians  and 
ilogists.  The  salts  of  thallium,  the  sulphate,  and  particularly  the  nitrate,  arc  re- 
markably soluble;  they  have  but  little  taste,  and  may  consequently  be  easily  adminis- 
Hut,  at  the  same  time,  110  poison  can  so  easily  be  discovered;  ;ns  of 

the  spectroscope,  scientific  men  can  with  certainty  tell  the  organs  by  which  it  is  absorbed, 
and  the  channels  by  which  il  is  expelled  from  the  system.  I  cannot  terminate  this  note, 
without  remarking  that  spectrum  analysis  may  render  important  services  to  physiology 
and  particularly  to  toxieol- 

New  Process  for  Sumanrfl  Glass,  iiv  M.  \.  .M  irtiv.— Among  the  large  number 

of  proc s  fi.r  silvering,  Drayton's process  i  adapted  tot  tolescope  glasses-; 

but,  as  this  process  require  great  skit]  on  the  part  of  the  operator,  I  hare  1  di  onred 
to    lii.  thou,  which,   iv  its  simplicity  and    nireneSB,    might    become  general. 

After  oaref ally  studying  and  experimenting  on  all  the  known  proi  ehyde,    gaaj 

of  milk,  gluconate  of  lime,  .'■<•. 1,  I  have  arrived  at  one,  which,  from  i>-  simplicity  and  the 

firm  adherence  ol  the  layer  ol  silver  deposited,  seem .  to  fulfil  all  the  n.  ,  -  .n\  conditions, 

1  begin  by  preparing      1.  A.  solution  of  LOgrammi  LOO  grajntaaa 

tilled  water.    J.  An                     elation   ol' pure  ammonia,  mar;.  .  on 

meter,    :.  Asolul if  8U  grammes  of  pure  1 

distilled  water.     1.  ium  ol 

1  water,    [nto  this  poor  1  oentimstro  cul f  nitrio  arid  at  36                     1  for 

twenty  minute-,  to  prod the  Interversion  •-!  the  sugar,  ami  th  tho  volume 

nbe  with  distilled  water,  and  BO 

,  1  prepare  an  a                             lij  pouring  Into  alls  centimetres 

.11  of  nitrate  0  9  cubic  centimi 

(-'.  th  .    111. 11..    op   a  vulun 

If  tho  pr.-i  :    pro- 

1  the  liquid  will  remain  limpid,  and  a  drop  ol  solution  ol  fiver 

will  produce  a  permanent  then  after  being  lefl  nutel   for  twenty-four  hours 

- 
Dated  with  a  few  di  rlth  distilled  water,  drain  ami  pi 

■  d  "i  the  arg                                            ha 
lufluon 1 

brown,  ami  .  riutl 

1 :  after  1 r  llftooo  minutes  If  will 

I  fin  i.qiiueil  thh'knoas ;  II  must  bows  hod   firs!  with  ordinary  wator,  then 

I  •  'In  In  the   air.      1  «i||  thi  11  be 

1  with  a  light,  : Ic  polishing  1  imol 

.  leavings  brl  institution  lor  the 

purpose*  lor  which  II 
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LISTOKAm'MrATIo.VSF<H:LHTTKR> 
PATKNT. 

tt'a    rllrl    ADOPTED    A     SEW    ARRANOBMEST    Or 
Tnr  Provisional  protection*  aepued    roa 

PTlNvFMTOB*    AT    THE    GHHAT  SEAL    OvTENT. 

Orricx.    It   ant   nirrrcct/nr   should   arise 

WITH  Rr.rKRHNL'K  H  T  H  It  NAUES,  IPDRbSU, 
OR  JRia  GIVEN  IS  THE  LIST,  TBI  HRQI'I- 
tlTR  IKEOHUATION  WILL  BR  PURNU1IED,  FRKB 
or  rtPe  SSK,  TROM  THKOrrlCR.IlY  ADDRESSING 
A     LETTER,      PREPAID,     TO     THK     EDITOR      OP 

"Tin  ArXIZAM." 

DatkD  JtJfcT  27th,  1863. 

211"'  T.  Bourn* — Storing  and  hnldinir  petroleum  and 
pUwr    inl»,    nttphth*,    mid   ottirr  products    of  dis- 
eoi  taming  essential  oils, 

2118  P.  Pratei  Btsnrm  engines  nnd  the  mode  of 
utilis>n  r  «[■■  im. 

2117  J.  Clark— Break  blocks  for  railway  and  other 

c  .rriages. 
211*  J.  Word- Dieing  apparatus. 

2119  C.  Richard- Lighting  and  cutting  the  cod  nf 
etftara. 

■.'120  W.  K    Newton- Bieeeh-loadrag  fire  nrm.«. 
3131  G.     Kiehnrds— Ordnance    nnd    fire    urm-..  and 
tltr  projectiles  to  be  used  therewith. 

Hated  Auot'ST  28th,  186-1. 

2122  O.  Davie*— Iron  and  ateel 

3133  K.  Bell— Mensuting  nppar.itus  for  looms. 

3184  J.  Shaw— Cutting  or  reducing  inrntpe  or  other 

rooiin*  food  for  animals. 
•2125  K.  Vickr-ie— Steel. 
'.'126  E.    Amoorous  — Separating    solid    from   fluid 

frcnl  matters. 

2137  I*.  A.  Mulel— Shoring  of  hardened  iudin- 
rubb«r,  gutta-pe'cha,  and  Other  improved  similar 
materials,  npplicnhle  to  »M  domestic  nuimnls. 

•-'128  J.  Alison— Tiling  1-ml. 
2129  C.  Hnrrntt— Tilling  land. 

SlflO  J.  \Vr1u— Steam  boilen. 

Dated  August  sfth,  1863. 

21.11    H    C.  P-nnell-Skntes. 

3130  H.  IV.  Futrinn  — Wrmgiug  duties. 

•il.ti  O.  Lo  wry— Cotton  gioi 

2134  T.  Williams  —  Crushing  ami  flattening  the 
■  tnlks  of  tobacco  nnd  other  suhstnoces 

2126  W.  Tin  gey— Printing  Btrpeta.  piled  fabric", 
druggets,  nnd  other  similar  nrt  cles, 

2138  T.  Williams-Steaming  nnd  opening  cotton 
nod  o'fcer  fibrous  materials. 

2137  \V.  Whitworth  *t  J.  Wnglev— Furnaces  of 
steam  hoile  s. 

2138  D  Speirs,  A.  Boyd,  &  J.  Kirkwood— Looms 
for  ■•envii.g. 

2139  A.  Ague*— Breech  loading  fire  turns. 

2 HO  P.  C.  P  Hoffman— Sheais  for  cutting  metnl 
nnd  other  BnbtlBDCU 

2141  W.Weldon— Aerial  nn>ignt,on 

2142  A.  Rowand—  Bvaporntttlg  fluid  solutions. 
2141  J.    Dodge— Grinding   end   polishing    metillic 

eitleftra. 


Dated  Aloust  3lst,  1863. 

21*5  G.  Attoek—AssUtnnt  l^nring  springs  for  loco- 
motive  engines,  ruilwny  carnages,  waggon*,  nnd 

1148  II.  'B.  Kmmer-Printlng  In  ei'lnurs  pictures 
or  device*  to  he  imed  iu  nrnnmenritig  porcelain, 
-loneware,  earthenware,  or  nny  other  suhntnuces 
where  the  colours  cnu  be  annealed  or  melted  ur 
burnt  In 

2M7   F    A.  Hrnendllii-  Ilreech-lnnditig-  fire  nrms. 

1143  G.  Behhingf.ii  K  J.  H.  Hampson— Securing 
the  ends  of  hntids  in  ]inrkiug  hnle   goods 

.'if  HI.  Burnett- Removing  Hie  feel  from  stores 
or  grates,  nnd  facilitating  the  extinguishing  of 
lires  used  therein. 

2150  W.  E  Gedg--Wnich- 

2151  A.  v.  Newton    Sawing  by  machinery 

2152  A.    V.    Newton     Sming     irregulur   forms    of 

UN  J-    Miles— Trnps   for  cnteh'ng    rnts  nnd   mice, 

rnhhtLv  m>d  ntht-r  tnlnuVl  nnd  hirds. 
21W  G.  11.  PmiU— l'rr|irtringmlrn   .i.d  inlc  iu  order 
■■'Mr-  Lo  nrticlrs  of  wearing 


J):, 


injinr-'l  iiinl  nntiimeninl  purposes 
<h  M.J.  Ilvbti 
ftOltl  earrlngM 


l'(lt,iig   n»l«-s  for  rallwft*  ud 


OATRP   ScnF.MM-ll    1st,    IRJ'.It. 


2171  E  Alesu— Feeding  wool  snd  other  textile  and 
rjlnmeniou*  MhttSbeM  in*"  carding,  combing, 
.inii  other  nmrhnin  for  'miiiiig  such  substaiices. 

»71  P  C.  P.  Hi.ffmnin.- CnuUlU  Imrd  s<>Ut*nre*, 
wnshiog  or«s  nnd  rmiinnls.  ™nd  fpnrntiug  rurth 
nnd  rnrthr  matter  Hum  solid  subsiauces. 

Datp.p  Birmnifl  3rd,  1963. 

2171  C.   Jackson— Dolts   M  fastening   doors,  win- 
dows, nnd  sbotun 
2174  A,  L.  Durund— Nails. 

2178  A.  A,  Brmomont— Engine  fur  raUlne  llqoldi. 

2176  W.  Boulton  h  J.  Worthingtou— Muklng  nnd 

-i-mistic  tiles  or  other  plastic  articles 
and  substances. 

2177  N.   1!. ally— Application   of  rolling   rVlotli I 

the  n\te  boxes  find  Journnls  ot  running  idinf"  s  nnd 
ash  trees  o'  innclitnes  nnd  vehicles  lor  lessening 
the  tesistniiL'<'  to  the  motion. 

217B  W.  ftT.  JolUffe,  vv'  liraharo,  Be  H.  TWyltn*— 
Paddle  nod  other  propelling  wheels  fur  navignhle 

2179  H.  A.  Bo  nnevil'e— At  Inching  horses  to  car- 
1 1  !_'•!.  ..r  oiher  lehiclea. 

21B0  H.  A.    llouueville— Glossing  and   glnxing  all 

kinds  of  threads. 
21S1   A.    V     NoWtOOj — Cleaning   nnd   decorticating 

gram  nnd  seeds. 

2182  J.  Loebl  &  1.  Pick— Fastening  gloves. 

Dati-.d  Shitembrr  4ib,  1863. 

2183  C.  Thornbtll— Sewing  boots,  shoes,  saddlery, 
null  leather  work  generally. 

21d4  C.   G.    Kelvey  e*   W.  Hollaud— Chrouometers 

>  nil  other  time  keepers. 
2183  .'.  Hendry  &  w.  dutis— Fin-nncca. 
Slr<6  T.    Fisher —  Spring    balances    where    spiral 

Bfirings  nre  used. 

Dated  September  5th,  1863. 

21e7  W.  Lorbeig— Gi  s  and  other  snhstanca. 
2IKS  G.  Hargreavcp^ — Sieiun  boilers. 
2 ISP  S.    M*-llbourn—  frepitmuou   of    materials   lor 
iLe  inojiufnetnre  of  pnper. 

2190  W.  Norton — Laytugiind  supporting  submarine 
teleprnph  cnhlea. 

2191  T.  6t  E.  T.  Moody — Generation  and  production 
of  motive  power. 

2192  J.  Kmvell-Fences. 

2193  T.  Si. nili  —  W.tu-gnn  hrenlc. 

'.'I'M  K   Smith  —  I'nper  m.ikiug  machinery. 

2195  C.    H.    Aoiiniea—  Lids    or    cov.rs   for  certniu 

ai  uelci  of  iitdlow  ware. 
2198  G.  B.  Rennle— Floating  d.-cks  and  pontoons, 

und  clenning.  painting,  or  repairing  them 

I'AU.n  SEprEMBHR  7th,  1863. 

2197  F.  Mills.  T.  Booth,  &T.  Clegg—  Preparing  nnd 
-pinning  cotton 

2198  J.  B  York— Cloaeis. 

2199  N.  Singleton— Cutting  hay,  straw,  or  other 
similar  products. 

2-00  H.  fwelvetrees  —  Portable  mangling  nod 
wringing  iippavuim*. 

2201  A.  V.  Newton— Appnmtua  for  ditectiug  mo- 
tion iu  riirlit  line-. 

2202  S.  Gerish  &  J.  Weston— Morticing,  drilling, 
dovetailing,  und  cutting  wood. 

Datbd  Spptkmhhr  8th,  1863. 

2203  L  Mnnd—  Obti.iuing  sulphur  and  sulphurous 
ncid  from  alkali  waste. 

22IH  J,  H.  Cutler— D»es.i  fastening. 

2*1)5  J.  C.  Loti— Turning  over  tne  lenvea  of  music. 

2206  W.  A.  Wilnou&J.Smitli—  Kur.mce  tintgrnU!*, 

2207  J.  Burch— Printing  on  certain  und  Oil  er  tetry 
and  velvet  pile  fabrics,  felted  cloths,  und  oihtr 
fabrics  and  rrnteiials. 

22.. K  T.   H.    Baker    St  O.    Friend— Treating   excrr- 

iiieutltlous  und  xewnge  initlteis, 
2209  K.    A.    Broijinuu  —  Working    und    preparing 

skins. 
2.'10  \V.  Hewitt- Rudder. 

2211  J.  1).  Juck— Shaping  metals. 

2212  I-  Adam — Machine  for  mowing  grass  Or  reap- 
ing grniu. 

Datkd  SEiTKMiiifn  Ettat  1863. 
2913  W.  H.Tiielier-  Prnpelltng  and  M.ei  ing  vmsels. 
22 H  J.  Llllie  *  J.    II     White-Coming    for  suiinos 

nf  Imn,  wood I  uihei  BWtrrlala. 

2215  W.   11.  Hnwluworth— Preparing  cotun  and 

Other  lihrous  iniitei  inln  for  spinning. 
221).  T.    Nnden— Itiisimc   the   covers   of    Imt    water 

luge,  ten  tun*,  voi/ie  (nits,  nnd  piher  vetMla 
2217  \v.   (iiydon  —  Meinilic   tuba    nud   hollow 
cylladvre. 

3318  J.  B-  Vnrk-Clowtn. 

3213  W,  I''..  U«dg*    Parlnff  Wftji  OT  r.  uds. 

232U  B.  T.  Bvghee— Chenille. 

23  J I  J.  Robimon— Stetun  boilei  nudothoi  furnnore, 

ur:::  N,     Ih.uup Stopping     bottles,   j.iirt,    and 


2i5ti  J.  SnlnVi    B londlng  nnd  other  ordnsnoe. 

I    Bmel raving. 

2158  G.    Kus»ell— Appnrslus    for  cooking,  und  ob- 
taining fresh  «n-er. 
BIAS  W   Obsrh     Hydnolk  npperetu, 

'J  I  hi)  I*.  J 1  >v  1. 1      Fnbne,  nud  hit :..i  m  inuf.ietiiriug 

Hi«  nine. 

.-161  j.  11.   Benhe— Bcnehn  or  desks  for  lehooU, 

■hurebi  «  end  othei  ilmllBt  pnrpoeee, 
2I02  O.  t.  Booineld  niumlnntioi  gia, 
116a  T.  Kii.-i,    Prewlni  peat, 

1161(1.     W.     Rweot— WnddlDg    piper    nnd     llt.d 

Pit 1    Flexible  tr *nl   ■    Hei 

1  tbrle  lobe  used  nsn  psriinl  lubetitu 

Datrp  llrTBUI  R    todi 
201(1  J.    |^-wi«     IVpntlng    tni    dl 
hrtcl»  .. 

t.u   gr..  11  01 SJ   

.1     '  >  nollui     in  ■  ■ 

161  H.  I  pm    R  "i vlui  meehinte. 

1170  «    11.  Ostleu  'Valree,  upt.oi  ooou. 


otbe 


sli 


Datbd  SimunCR  11th,  1963. 

223n  J.  Hartshorn  A  W.  H*dgat«— Lace. 

.217  W. Taylor— Iron  rods. 

22' >  L.  Draens— Harh  or  bathing  maehloc  adapted 

(brdce-o  «ater. 
V239  T.  J.  Slo.u— Brnidng  machiors. 

3240  J.  Hh<>des^ — Piecing  machines. 

3241  I-  Merer— Emptoytnc  >ni«ura,  gases,  and  th# 
bent  derived  "    ">  tCTs. 

2242  J.  Oobl.tr—  It  ulwjy  and  other  carnage.. 

2243  3.  D    \rr  «t  J.  Cntbtrvr—  Looms. 

2244  H.  Chnchley— Stovegrnteaand  kitchen  rangvs. 
1-245  M.  Gi-rsteohoier—  Koa»tmg  pyrites. 

Dated  Sktrmbcr  l2th,  1863, 
22-lfi  J.    Crellia— Guverniog   and  ittppiJIgthfl  Bow 

or  passage  of  liquids 
2247  J.  King— Assisting  and  rcgulatiig  the  process 

of  fennentnt.xu. 
2249  C.  E.  WaMis— Itevolving  fire-arma. 
2249  E.  N.Gregcry— Unittnv   belta  and  length »  of 

«ir-  "mile  ai.d  other  mrtiil  cloth. 
22M  W.Ch.rk— Hevolv.ug  (i.e-nrms. 
2241  D.    S.   Sutherlond— Blosling  locks  and  other 

materials. 
3262  J,    A.    Whipple  —  Supporting    ph.togrnphie 

cameras. 

Dated  SEi'it'MBttR  llth.  1SC3. 

2253  H.  Riviere  — Heuting,  cooling,  and  evapo- 
rating. 

22H  W.  R.  Hution— Luhricsting compound. 

2265  T.  Bell— Distilling  shale  or  oilier  bitumlnooi 
materials. 

22SB  W.  E.  Gedge—  Sufetvlnmps  for  mines. 

2257  G.  F.  Millin—  hacilitnting  the  detachmeut  of 
horses  from  cntriages  or  velnch-a.  and  the  appli- 
cation of  break  power. 

2258  t;.  W.  Billii.gs— Preparing  hemp,  flax,  and 
other  Vegetuh  e  materials. 

2269  W-  Gassnge—  Drying  or  curing  certain  Vege- 
table protluctions. 

Dated  Skptrmder  15th.  1863. 

2260  C.  Unttcoek—Cignr  lighters  and  fusee  matches. 

2261  G.  Howell— Stumping  or  obliteiattug  and 
printing. 

8262  W.  Thompson— Elf ctrc  t-legrnph  apparatus. 
2263  A.     Barclay  —  Locomotives    or    other    steam 


ngiu 


Dated  Shpyxmbrr  16th,  1S63. 


ng  off   the    sides  of 


3324  O.T.  BouiheloV Spinning  1  m faoiurlnu 

WOOl,  euili.ii,  ind  other  BbfOIII  innlenuls. 

2326  W.  Hutebh Btanm  1 0 

22211  A.  v.  Newton.    Biei Dgiute. 

2237   .'     Mnggs      r'.. null. 111  pen. 

2288  B,    Oliver  *  G.  Myr»   Lowtrlng  nnd   die. 

engaging  bonti  Irom  veaatJa, 

DaTH!  Ski  11  uiihm    Hhh,  IHii  I. 
3339  J.  ><■  Wllaon    >8lde  light-  1...   -hip.  mid  other 

Vessels 

3280  T    B.  Guidon  -  tiiniiulniii  g  und  drying  gun. 
iioa  dei 

2231  W,  W.  Orei  ui     PI ■ 

2232  H.  **  J.  W    Wrlghl  It   W.  Clougll    Ulaalng 
nnd  rolling  prau  papara,  pneuboara,  1  ..tint 

Si  per. 
I  AI     II     Mulr.V  J.  M'llnhsm     Winding  juni- 
or ihrrnd. 

8331  \v.    olarh     1  arifli  ■ n    nml   dl 

liydro*cnrburrts  and   idle  produced  >•>  il>e  distil- 
In u|  conl  irli   il I  bughend. 

2m;.  J.    11.    vVhltehnid     Manufacture    or   felted 

■ 


2264  J.   Fox— Planing 

nrmour  prates. 
22ti5  A.  Fleming— Cutting  or  finishing  matting  nud 

similnr  fabrics. 
226b  G.   Le wul— Heat inp   and    worming   buildings 

und  for  drying  purposes  generally. 
2267  J.  Cox— Swings. 
226t>  J.  Ri. hill— Liquid  compasses. 

2269  A.  Wntsou— "Hiuttes. 

2270  J.  Duui.att— Cooling  liquids. 

2271  B.  Laichlbrd— Spur. 

2279  B.J.  Webber— Thiaablng  machines. 

2273  R.  Thomson—  MUed  fabric,  und  the  applica- 
tion thereof  to  covering-  umbrellas  and  parasols. 

2274  B,  Soott&J,  Stnrkey— Looms. 

2275  II.  Hnrriogton— TJmbrellu  and  pumsols. 

2276  J.  M.Tute — Hanging  the  lower  topeail  yards 
of  ships  utid  other  sailing  veaaela. 

Dated  SlPTRHBgR  I7tli,l863. 

2277  J.    McEwen— Combined  coke   nnd    ho:   blast 

2278  Z.  J.    Merrier—  Gas   cock   of  elastic  nud  con- 
tinuous piessnre. 

2279  \V.    1C     Gedge—  Instiuments   lor  nsrertnining 
levels. 

2280  J.  Edwards  &  J.  Llvesey—  Permanent  way  of 
mil  ways. 

22ol  A.  Chnplain— Propelling  ships  er  vcaiels. 

3282  P.  Cownn— Kehuiug  sugar. 

8288  F.de  Wyldr- Hydrnted  tUlco. 

8284  R.  A.  Brouman— Tap*. 

2286  J   G.  Uliich— Appumtus  for  rmlwny  carrtnges 

nnd    trains    m   order  to  ubluln  greater    anihty  to 

passengers. 
2288  J.  H.  Johnaon-  Lift  and  -wimmunr  l^lts. 
23b7  P.  BdeLannu— Drying  paper,  pn-tfbo«rd,  nnd 

simiUr  t'nhrirs, 

2288  C.  H.  Cliudburu  Si  W.  J.  Tristrnm-Shipa  and 
other  veaeala, 

2289  .'.     Whitehead  —  l'n  utnntic    motive     power 
machinery. 

Dated  Sbitkuukr  18th,  IS  3. 

2290  J.  Allen— \'.ihes  nud   cocks  tor  steam,  water, 
gna,  nnd  Other  Holds. 

2291  J.  Roberta*  it.  Nayloi-— Inertoaliig, dimtnUh* 
ing,  01  oUirralee  rrgulntlnii  tlia  power  nud  tone 

vt  orgeAB, harmonluma,  ptanoiortaa, ihei   ln< 

■trumi  nil  with  ibnilnr  key-  or  key  iioards. 

3399  K.  I>.  Dwyei-   Cleaning  nnd    painting  or  coat- 
ing tlie  butiom-  ot  -hips  nnd  other  strUi 
8298  <i.  Ouvies- Improvements  In  the  mauufneturo 


-  ImprovemroU    in    moti>e-pow«r 


of  1 


el. 


'."i  1  VV,  Larntn  Traatmanl ."  rage,  nod  obtaining 
rail  able  chenueal  produou  from  the  animal  blue 
therein, 

■  •',.  1   Bogge    Proteoilng;  and  pieeertlng  thahuUe 

und  boitnms  ol  -hips  and  mm."  Iron)  touling  anil 

I  HA    Nolrnl     New  HIm. 

3207  J.   M.   Conk  -     Railway    carriages   nnd  oilier 

■   v.  hielrs. 

"-"■;    l(     A.  Hi mi      ImpvuM'd  th tends  loi   ti-hmg 

38 i.1V,  Hon    TtVaUnlngB. 

'  J -il  II,  ('.  II11  km  ■■>.!,  lmptosemenl-  111  lhemiil.il- 
lilt  llilf  Of  bull. .11- 

23(l|   A.    V.    Neaton    -    linprovemetit  iu  plop  lliug 

'  OS    W       Sniiil,     C 'in.'t'in.    !'i  ■  .1  h-l.-nding  oid- 

2303  IV,  Smith    Con  Iruetianand  mode  of  eatflUag 
mi  shtpe  and  furta,  and  m  the  manna 

the >>k  ng  -  ii  in  working  guns  em* 

(Ol   -neb  purpn-rs. 


mschiii*ry. 
2.T0J  V.    Houajhton— Inprotrtncnu    in    hunpa    and 

Dated  San  em  eta.  19tb,  1863. 

2306  L.  F.  Cheaand  K  H.  P.  Christen— Print <ag 
postage  atampa,  buAer'a  bills  aasuea,  and  other 
similar  documents. 

2307  J.   Buckley— Mulra  for   spinning   cettoa   anal 

eeaje  suhatancra. 
200-t  J.   Fra-er— Mncauoe   for  the  aafer  and  move 
economical   storing    of  votatJle  oils  la  lacanaes 
whe  c  the  ground  nnd  labour  are  eatye 

2309  R.  t'trj.-lim.in — Improvrments  in  Instmnsenta 
for  auppoiting.  holdtnr.   or   carrving    paraaola. 

watchea,  otnomenta,  or   other  articles  or 
appem.age«. 

2310  C.  L-  F.eisehm.nD  —  Ginniog  eonoa,  nnd 
eleatiiojr,  opening,  and  preparing  cotton,  tiool,  or 
o'her  M.ii  u«  miij«Uvni»'S. 

2311  B.    Davie    *-    W.    Boaler— Strengthet.. 
hammers 

2312  J.    c     I'.- lev — Improvement*  in   beiwiae;  or 


20U  I.  tie  Anircits — Apparatus  for  obtaining  mot: re 
power. 

2315  T.  Richardson.  J.  J.  Londy,  A  R.  Imu— |m. 
proremi  nta   In    the  extraction  01  oils  irom  vrga- 

■  1  nnoea, 

2316  H.   B.iu-m  .u— Improved  conarroction  of  rotary 

2317  T.  H.  Vicke rs— Manufacture  of  cast  ateel 
tyies. 

23:8  J  Faimer  at  C.  Hsdh-ld  —  Machinery  for 
makiug    bricks,  tiles   or  aLoha,  and  other   each 

articlts. 

Dated  Sei'Iemcsr  21st,  l£e3. 

2319  E    F.  Bnttier-Crino  ines. 

2320  W.  Eladon— Kail  no  1.  ad  carri  gaa,  wheel 
tyres,   and  railway  crossings,   adapting  : 

such  camngca 
2331   W.  B.  KobiQi—  Improvements  in  portable  fits 

nnd  garden  enjtioee. 
2322  A      A.     Di.wuee—  ImprovemenU   in    artiticial 

teeth. 

Alcnn— Improvements  in  shears  forcutting 

metal  thrrnda,  wirrs,  and  rods,   applicable  also  to 

gansrlng 

2324  B  Aii-itu  —  Impro\-emmla  in  cuodctiser*  ap- 
plicable to  WOOl  curding  enpOe*. 

A.  thatn— Burners  lor  Lummt  all  mineral 
oils. 

2326  It.  Walits— Loading  nod  unlcndtng  Teasels, 
nnd  raisiug,  lowrnng,  audoth»r"i-e  c  i..e;i  g 
sacks,  casks,  agncultural  produce,  and  other 
objects  from  one  locality  to  nuoiher. 

2327  R.    HidleyN  J.  G.   Joora— Giving  s    : 
eating  m<  tion  to  picks  nod  cutting  tools  used  iu 
gutting  co.l  .v  il  other  minemls  and  -tone. 

2  '■:•  G.  T.  Bousfield  —  Improvements  m  poser 
looms  for  wen-  Ing  hair  cloth  and  rahnea  m  which 
the  weft  is  meei  ie»l  in  ■rparata  lengil.-.iimster.al. 

2329  C.    T.     Burgess —  Improvements     in    reaping 

12: --"■  ■  *  \\        Hutchinson  —  Mnmitacturing    moulded 

articles  of  ltuiia  mbb»r. 
2.*:tl    I.  B    M.-fi  -li  01.  ships  and  vessels,  nnd  »).eath* 

lug  the  -ntnr. 

A.    \'.    Kanig— Improvements  in  railway 


Dated  Sittimber  22nd,  1563. 
2333  J    Rrushnw  &  J.  Ho  worth— Stretching  woven 

2  134  ».    M    de  Bavelt  &  J.  K.  1' 

mtingluel. 
2333  P.    Kifeits— Making   bricks,  tiles 

other  similar  axtlt 

2336  C      MeJtlaad  —    Improvements    in      umshlng 
nnpnrstu-. 

2337  J.  A;  J.  Bmid— improeementa  in  brick  and  tile 
making  machinery 

233-1   U.    A     Brooinnu— Com  positions  for  pi-s.r»iug 

E333  J.  Brhroarn  ^  R.  B>cVn.ou-Benplugormow. 


log  1 


uhl 


Datei>  SarTK 


23rd,  tagf. 


3340  \V,  Cl-niu-on  —  Improtemcut*  iu  the  construe- 

pipe  wrenohea, 

3341  J.   I'lntt—  .Machinery  applicable   tu  steam  and 
water  vnginee, 

3342  P.    A.    L.    de    Fontaine  in. •renu  —  Centnlus;.l 
murhlnes. 

."4,1   v\      .\    J,    t.nlloivnr— Lubricatltg   Journals  of 

■ 
2:144  B  T.  Hutrhei    0«e  cr-odanaere, 

H  ■  \\     Ulhh  A  J.  Holland'    1 
33l6   W      r.l    e)      Be  I  oanndgae. 

Itecvptactea    for    oil     nnd 
p  troll  .ui.. 
.H-  J.  Pbllllpa    L -vela. 

IIatxd  SariKuneR  24:h,   1863. 

::t|»  \Y,  Willi      Coating  ivoodand other m-fhere, 

.'•."1  A    1.    It      an     Mac  I n     fcl    n.  Hi 

ti  I..  .1  paaty  consistence. 
■  IA1    w     \\  uoh      I-..,  lenwntatbi  dlBni   ■ 

■ ...  ■  1     nnd  \\     Marshall    MeteJha  luanmmente 

t..t  -.■>!  mj  .  ■  tlh    ■ 
8363  B    i» ke    1 powder. 

IBM  11      I-.     Helsb)       Mounting   lr.i>.p:.reul    ph.to. 
plotUIUi 

..   v    r.iti,    Purnacea  fbr  haatrag  wheel  boope 
2356  j   w.i -let    Udiltlug  ibe  waate  Hoi  nomgrnl* 
■ 

lelandroekfi 
2368  M    Oj  ■  .     Piekere  ui  leome. 
owdcr. 

A    Boanevltle— Joining  teather.   | 
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XOYEMBER  1st,  1SG3. 


A    CRITICAL    AND    HISTORICAL    REVIEW   OF    LOCOMOTIVE 
ENGINEERING. 

1'r   J.   J.    BlECKEL. 

(Illustrated  by  Plates  252  and  253. —  Continued  from  page  219.) 

In  order  to  render  more  easy,  at  a  single  glance,  the  comparison  between 
the  relative  volumes  of  steam,  as  we  have  given  them  in  our  paper  in  the 
Abtizax  of  October  last,  we  have  prepared  a  diagram  plate,  in  which  the 
relation  of  temperature  and  specific  volume  is  expressed  by  a  curve,  the 
abscissa.'  of  which  stand  for  increments  of  temperature,  and  the  ordinates 
lor  increments  of  volume.  The  three  curves  shown  embody  respectively  the 
results  of  the  perfect  gas  theory,  those  obtained  by  Dr.  Rankine's  formula', 
and  those  obtained  by  Dr.  Fairbarn's  direct  experiments  ;  and  the  reader 
cannot  but  observe  that  the  first  of  these  curves  keeps  steadily  aloof  from 
the  two  others,  while  there  is  a  strong  tendency  in  these  latter  to  identify 

[themselves  witli  each  other. 

Referring  to  Dr.  I'ankine's  formula,  it  should  be  stated  that  the  same 
was  arrived  at  by  a  different  process  of  investigation,  independently  and 
contemporaneously,  by  Dr.  Clausius,  in  Germany,  and  that  it  was  pub- 
lished almost  simultaneously  in  the  two  countries  in  February,  1850.  Dr. 
Itankine,  however,  is  the  fust  who  published  a  complete  set  of  tables  com- 
puted from  that  formula;  and,  we  think  that  his  results  have  a  claim  to 
preference  until  further  experimental  evidence  be  obtained  to  show  cause 

i  to  the  contrary,  because  the  chances  of  error  which  may  accrue  from 
Regnaulfs  experimental  data  arc  common  both  to  them  and  to  Fairbairn's, 
while,  with  these,  there  are  the  additional  chances  arising  from  the 
difficulties  of  manipulation  already  pointed  out,  such  as  the  perfect  eva- 
poration of  the  whole  weighed  portion  of  water,  and  the  simultaneous 
leading  of  the  thermometer  and  of  the  column  levels  at  the  exact  point 
of  maximum  temperature  of  saturation.   As  affecting,  however,  all  practical 

[questions  relating  to  the  steam  engine,  the  differences  between  the  latter 
named  results  are  too  small  to  be  of  any  consequence. 

In  the  application  of  those  volume*  to  the  calculation  of  the  heating 
surface  according  to  formula (6)  of  our  paper  of  January  '.a-',  it  u  but  ne- 
Hessary  to  remember  that  the  pre-- on  •  .  >n  ■■-;■  mding  to  the  volumes  given 
in  the  table  are  absolute  pressures;  LSlba,,  therefore,  musl  be  added  to 
■be  mean  actual  pressure  at  which  the  steam  i-  to  work  in  the  cylinder 
■(which  pressure,  it,  will  be  remembered,  is  easily  defined  by  the  aid  of  the 
■able  given  in  our  paper  ol    Fcbruaiy  last),  ami  the  -,11111  thus  obtained  will 

1  to  the  value  of /i  required  for  formula  (6).     In  plate  283  we 
live  given  a  diagram,   the   principle  of  which   mu 

Mr.  Ramsbottoiu,  all'or  li;i.'         1     ■'       means   of   findin." 
sure,  and  the  c  >nvsp  mding  relative  volumi  iding  in  ■  cylin- 

der, at  any  period  of  the  expansion.    The  bass  line  represents  relative 
volumes  ami  actual  pressure  .  here  modified  to  soil  1:  ;  the 

vertical  lines  cm  1  v  ■;■  md  to  per  cent  iges  of  anj  ni  Ml  1  ■ 

of  the  diagram   will  be  best   explained  and  illustrated  ople; 

thus,  let   it  be  pr  ■;•  >sed  to  find  the  final  |  i- 

Volume   of  steam  having  an  original  pressure   of   1  lOlbl  .    •  01  D  il     -  -'it.  Off 

it  at)  per  cent,  of  the  stroke;  from  the  point  marked  140  In  the  base  line 
draw  a  radial  line  to  point  «  of  the  stroke)  through  the  p 

Intersects  the  vertical  corresponding  (  I  80  DOT   Cent,  oi   the  Stroke,   draw  n 
horizontal  until  it  intersects  the  vertical  corresponding  to  the   end  of  tin- 


stroke;  through  this  point,  from  point  0,  draw  now  a  radial  until  it 
intersects  the  base  line,  and  the  point  thus  determined  indicates  the  pres- 
sure we  are  in  search  of,  namely,  2SMbs.,  with  a  relative  volume  of  593. 
In  a  similar  manner  it  is  found  that  with  the  same  initial  pressure  and  the 
same  cut  off,  the  pressure  of  the  steam  at  75  per  cent,  of  the  stroke  is 
equal  to  -IHlbs.  with  a  relative  volume  of  ITS.  13y  a  similar  mode  of  pro- 
cedure it  will  be  found  also  that  steam  of  a  lOOlbs.  initial  pressure,  cut 
off  at  35  per  cent,  of  the  stroke,  has  a  pressure  of  37Ibs.  with  a  relative 
volume  of  507  at  75  per  cent,  of  the  stroke,  and  a  final  pressure  of  231bs. 
with  a  relative  volume  of  675.  'Ibis  diagram  may  be  found  very  useful 
also  tor  defining  the  mean  actual  pressures  required  in  formula  (G),  pro- 
vided always,  that  due  allowance  be  made  in  the  assumption  of  the  initial 
pressures,  for  loss  due  to  wire  drawing  and  condensation  in  the  passage  of 
the  steam  from  the  boiler  to  the  cylinder ;  this  loss  has  been  assumed  to 
amount  to  23  percent,  of  the  pressure  in  the  boiler  in  the  computation  of 
the  table  previously  referred  to. 

In  our  paper  on  the  boiler*,  when  speaking  of  the  relative  evaporating 
capabilities  of  coal  and  coke,  we  have  stated  that  the  result  of  actual 
practice  on  the  London  and  Xorth-W'cstem  Railway  confirms  Mr.  Clark's 
experience,  that  coal  is  capable  of  rendering  a  duty  of  }rds  of  that  of 
coke  only,  and  in  making  this  statement  we  bad  trusted  to  the  informa- 
tion of  one  of  the  assistants  at  Crewe  ;  but  as  soon  as  Mr.  Ramsbottom 
saw  the  paragraph  quoted,  he  desired  us  to  contradict  the  same.  In  his 
letter  to  us  on  this  subject  he  says  that  As  hat  Ion//  bet n  of  opinion  that 
thould  yield  a  duty  eijnal  In  that  of  coke,  and  that  it  might  tven  yield 
a  higher  duty.  It  appears  also  that  the  result  of  actual  practice  in  the 
year  1802  upon  that  line,  sli  »WS  a  ratio  of  100  to  91  3,  which  ranges  close 
upon  equality,  instead  of  100  to  GO,  as  we  had  stated  it  to  be.     This  result 

becomes  particularly  cheering,  and  grows  much  in  importance,  when  it  is 
taken  into  consideration  simultaneously  with  the  subject  of  the  limited 
duration  of  our  coal  fields, +  for  thecalculati'1  i  al  science  are  almost 

as  exact  and  reliable  now   as  those  of  the  positive  sciences  ;  and  it  becomes, 

therefore,  a  duty  to  all  consumers,  and  especially  to  manufacturers  and 
engineers  in  thi-*  country,  independently  of  am  considerations  of  present 
gain,  1  I  (Tastefully  with  ■  material  which  is  the  very    foundation 

of  our  industrial  and  commercial  supremacy,  and  to  the  comforts  of  which, 
after  generations  have  an  equal  claim  with  us. 

For  the  conveniou  of  coal  into  coke  the  greater  part  of  the  hj  drocarl 
representing  25  per  cent,  ol  the  total  weight   of  coal,  are  partly  required 
fortheproi  n,  or  are  partlj  [oat  altogether  as  fuel,    Con- 

sidered therefore  from  the  point  <.t'  rien  upon  whioh  we  have  endeavoured 
to  place  this  question,  the  1  the  sole  par] 

of  obtaining  a  fuel  free  from  smoke  Is  a  doable  l\    1  an  Immediate 

imer,  who  pays  nearlj   d  able  price  for  an  article  I 
which,  in  the  production  irily  obtain  any 

:        1  n.it  i on  il  '  ■  the  period  of  d  I  tins 

1  of  our  mineral  wealth  i»  redo 1  in  tli  ■:  the 

inherent  to  thai  For  I 

made  towards  the  perfect  combo  I  'lis  a  double  gain,  and  >-. 

attein,  ■  the  imp'  1  dly  sboul  l 

be  in  ti.is  direction. 


•AM  r  f»r  January  la»t. 

Association,  at  J"i  ycara,  at  the  pment  rate  of  ronaiunntion. 
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BRITISH  ASSOCIATION  FOR  THE   ADVANCEMENT  OF 
SCIENCE,  NEWCASTLE,  1863. 


ON  THE  CONSTRUCTION'  OF  IRON  SHIPS  AND  THE  PRO- 
GRESS OP  IRON  SHIPBUILDING  ON  THE  TYNE,  WEAR, 
AND   TEES. 

By  Me.  C.  M.  Palmee. 

The  first  portion  of  Mr.  Palmer's  paper  consisted  of  an  account  of  the 
general  principles  on  which  iron  ships  are  constructed ;  and  he  concluded 
his  observations  upon  this  part  of  the  subject  by  stating  that  he  believed 
that  the  compasses  are  difficult  of  adjustment,  and  that  the  bottoms  get 
foul ;  but  he  hoped  that  in  a  short  time  science,  in  the  promotion  of  which 
the  British  Association  is  so  powerful  an  agent,  may  show  us  how  both 
these  difficulties  may  be  overcome. 

Mr.  Palmer  then  proceeded  to  give  a  sketch  of  the  progress  of  iron 
shipbuilding  on  the  Tyne,  Wear,  and  Tees,  which  formed  the  second,  and 
perhaps  more  interesting,  division  of  his  paper. 

For  a  very  long  period  the  district  of  the  Tyne,  Wear,  and  Tees  has 
been  famous  for  its  shipping.  A  Committee  of  the  House  of  Commons, 
that  sat  so  far  back  as  the  year  1642,  designated  Newcastle  as  "  the 
nursery  for  shipping ;"  and  Defoe,  writing  of  the  Tyne  in  1727,  states 
that  "  they  build  ships  here  to  perfection — I  mean  as  to  strength  and 
firmness,  and  to  bear  the  sea." 

The  history  of  iron  shipbuilding  in  this  district  does  not  commence, 
however,  until  the  year  18-10.  In  March  of  that  year,  the  John  Garroiv, 
of  Liverpool,  a  vessel  of  800  tons  burthen,  and  the  first  iron  ship  seen  in 
these  rivers,  arrived  at  Shields,  and  caused  considerable  excitement.  A 
shipbuilding  firm  at  Walker  commenced  to  use  the  new  material  almost 
immediately;  and,  on  the  23rd  of  September,  1842,  the  iron  steamer 
Prince  Albert  glided  from  Walker  slipway  into  the  placid  waters  of  the 
Tyne. 

During  the  next  eight  or  ten  years  very  little  progress  was  made.  The 
vessels  mostly  in  demand  were  colliers,  and  no  one  thought  of  applying 
iron  in  their  construction ;  but,  about  the  year  1850,  the  carriage  of  coals 
by  railway  began  seriously  to  affect  the  sale  of  north  country  coal  in  the 
London  market,  and  it  became  essential  in  the  interest  of  the  coal  owners 
and  others  to  devise  some  means  of  conveying  the  staple  produce  of  this 
district  to  London  in  an  expeditious,  regular,  and,  at  the  same  time, 
economical  manner.  To  accomplish  this  object,  Mr.  Palmer  caused  an 
iron  screw  steamer  to  be  designed  in  such  a  manner  as  to  secure  the 
greatest  possible  capacity  with  engines  only  sufficiently  powerful  to  insure 
her  making  her  voyages  with  regularity.  This  vessel  (the  John  Bowes), 
the  first  screw  collier,  was  built  to  carry  650  tons,  and  to  steam  about  9 
miles  an  hour.  To  the  success  of  this  experiment  may  be  attributable  in 
a  great  measure  the  present  important  development  of  iron  shipbuilding 
in  this  district,  and  the  fact  that  we  continue  to  supply  so  largely  the 
London  market  with  coal.  On  her  first  voyage,  the  John  Boioesv/as  laden 
with  650  tons  of  coals.  In  48  hours  she  arrived  in  London  ;  in  24  hours 
she  discharged  her  cargo ;  and  in  48  hours  more  she  was  again  in  the 
Tyne ;  so  that  in  five  days  she  performed  successfully  an  amount  of  work 
that  would  have  taken  two  average-sized  sailing  colliers  upwards  of  a 
mouth  to  accomplish. 

The  amount  of  prejudice  with  which  nautical  men  and  persons  engaged 
in  the  shipping  and  coal  trades  opposed  the  introduction  of  screw  colliers 
was  great.  They  argued  that  it  would  be  impossible  for  steamers  carrying 
650  tons  of  coals,  and  costing  about  £10,000,  to  compete  with  vessels  that 
consumed  no  fuel,  and  which,  though  carrying  only  half  the  quantity,  cost 
little  more  than  £1000,  or  only  one-tenth  the  amount.  Mr.  Palmer  was, 
however,  confident  of  the  result,  and  persisted  in  the  development  of  the 
system.  How  far  his  views  have  proved  correct  will  be  borne  out  by  the 
following  table,  which  shows  the  number  of  cargoes  and  tons  of  coals  im- 
ported into  London  by  screw  steamers  in  each  year,  from  July  31st,  1852 
(the  date  of  entry  of  the  first  screw  steamer,  John  Bowes)  to  June  30th, 
1863  :— 

Tear.  Cargoes.  Tons. 

1852  17     making         9,483 

1853  123  „  69,934 

1854  345  „         199,974 

1855  (Crimean  war) 174  „  85.584 

1856  413  „  238,597 

1857  977  „         547,099 

1858  1,127  „         599,527 

1859  (Italian  war)    899  „  544,614 

1860  1,069  „         672,476 

1861  1,299  „         851,991 

1862  1,427  „         929,825 

1863  (Half  year  ending  June) .. .      714  „         463,609 

5,212,713 


By  this  table  it  is  seen  that  a  total  quantity  of  5,212,713  tons  of  coals 
have  been  imported  into  London  by  screw  colliers ;  and,  in  addition  to- 
this,  large  and  increasing  quantities  have  been  taken  to  other  ports  both 
in  this  country  and  abroad.  Since  its  first  introduction,  the  screw- 
collier  has  been  greatly  improved,  and  the  facilities  for  loading  and  dis- 
charging very  largely  augmented.  The  screw  collier  James  Dixon  fre- 
quently receives  1200  tons  of  coals  in  four  hours,  makes  her  passage  to 
London  in  32  hours,  there — by  means  of  the  hydraulic  machinery  invented 
by  the  President  (Sir  W.  Armstrong) — discharges  her  cargo  in  ten  hours, 
returns  in  32  hours,  and  thus  completes  her  voyage  in  76  hours.  The 
James  Dixon  made  57  voyages  to  London  in  one  year,  and  in  that  year 
delivered  62,842  tons  of  coals,  and  this  with  a  crew  of  only  21  persons. 
To  accomplish  this  work  on  the  old  system,  with  sailing  colliers,  would 
have  required  16  ships,  and  144  hands  to  man  them. 

One  of  the  great  difficulties  encountered  in  perfecting  these  vessels  was 
in  the  ballasting.  To  dispense  with  the  necessity  of  shipping  shingle 
or  chalk  as  ballast,  many  costly  experiments  were  tried,  and  at  length,  by 
a  system  of  double  bottoms,  the  construction  of  which  adds  to  the  strength 
of  the  ships,  the  ballasting  of  the  vessels  with  water  was  brought  to  a 
highly  satisfactory  result.  The  water  is  allowed  to  run  into  the  spaces 
between  the  two  shells  as  the  vessels  pass  down  the  Thames ;  when  the 
spaces  are  full,  the  cocks  are  closed,  and  so  remain  until  the  arrival  in  the 
Tyne,  when  the  water  is  pumped  out  by  means  of  an  apparatus  provided, 
for  the  purpose.  This  system  allows  the  vessel  to  be  ballasted  without 
loss  of  time  at  either  end  of  her  voyage,  and  does  not  impair  in  the 
slightest  degree  her  power  of  carrying  coals. 

The  introduction  of  the  screw  collier  has  revolutionised  the  coal  carrying 
trade,  and  has  had  a  most  beneficial  effect  upon  commerce  generally. 
Besides  accomplishing  the  purpose  for  which  it  was  designed,  this  class  of 
vessel  has  been  proved  capable  of  rendering  very  important  services  to  the 
Royal  Navy.  When,  in  the  latter  part  of  the  year  1854,  information 
reached  this  country  that  the  commissariat  department  of  our  army  in 
the  Crimea  had  broken  down,  and  that  the  salvation  of  our  troops  de- 
pended upon  a  rapid  despatch  of  supplies,  it  was  found  that  screw  colliers- 
were  admirably  adapted  for  the  work,  and  the  majority  of  them  were 
temporarily  taken  out  of  the  coal  trade  and  employed  in  the  transport 
service.  The  Government  admitted,  on  that  occasion,  that  screw  colliers 
had  proved  to  be  more  useful  and  economical  than  any  other  class  of 
vessels  they  had  employed. 

In  the  year  following  the  launch  of  the  John  Bowes,  namely,  in  1853, 
the  first  iron  vessel  built  on  the  Wear  was  loosed  from  its  blocks.  The 
Tees  followed  with  great  energy  and  considerable  success,  and  on  both 
those  rivers,  as  we  shall  see  presently,  a  very  considerable  trade  in  iron 
shipbuilding  is  carried  on. 

The  first  iron  vessel  for  war  purposes  constructed  in  this  district  was 
the  Terror,  one  of  the  large  iron-cased  floating  batteries  designed  during 
the  Russian  war  to  operate  against  Cronstadt.  This  vessel,  of  2000  tons, 
and  250  horse-power,  carrying  twenty-six  68-pounder  guns,  was  built  in 
three  and  a  half  months ;  and  she  would  have  been  completed  in  three 
months  had  not  the  declaration  of  peace  slackened  the  energies  of  the 
men,  which  up  to  that  time  had  been  maintained  so  nobly  by  their 
patriotic  feelings. 

It  was  in  the  building  of  this  vessel  that  rolled  armour-plates  were 
first  used.  The  demand  for  forged  armour-plates  was  so  great  that  the 
forges  of  the  kingdom  could  not  supply  it,  and  recourse  to  rolling  was 
unavoidable.  At  that  time  the  largest  plate  mill  was  at  Parkgate,  and 
Messrs.  Palmer  accordingly  employed  Messrs.  Beale  and  Co.,  the  owners 
of  Parkgate  Works,  to  roll  the  plates  required  for  the  Terror.  To  the 
use  of  these  rolled  plates,  however,  the  Admiralty  opposed  itself.  Messrs. 
Palmer,  feeling  convinced  by  experiments  made  by  them  that  the  rolled 
armour  plates  were  at  least  equal  to  the  forged,  invited  the  Admiralty  to 
a  trial  of  their  efficiency,  and  built  a  target  9ft.  square  on  the  cellular 
principle,  on  a  plan  which  they  thought  might  be  advantageously  adopted 
for  large  vessels  of  war.  The  cells  were  filled  with  compressed  cotton, 
which  had  been  found  by  experiment  to  be  very  effectual  in  stopping 
shot.  On  this  target  was  a  thin  teak  backing,  and  on  the  teak  were  bolted 
one  hammered  and  two  rolled  plates.  The  target  was  bolted  on  to  the 
side  of  an  old  wooden  frigate  at  Portsmouth,  under  the  direction  of  Capt. 
Hewlett.  The  first  shot  fired  at  it  missed  the  target,  went  through  both 
sides  of  the  frigate,  and  skimmed  over  the  surface  of  the  water  for  nearly 
a  mile.  The  firing  showed  that,  whilst  the  hammered  plate  split  and 
cracked  to  pieces,  the  rolled  plates  were  not  broken,  only  indented,  and 
were  superior  to  the  hammered  plate  in  every  respect.  Unfortunately  the 
target  was  not  firmly  bolted  to  the  vessel,  and  it  sprung  at  each  shot,  so 
that  the  bolts  which  held  the  armour  plates  were  broken,  and  they  fell 
into  the  sea. 

A  shot  was  then  tried  to  test  the  resisting  power  of  the  compressed 
cotton,  and  it  appeared  to  answer  so  well  that  Captain  Hewlett  advised  a 
series  of  experiments  to  be  tried.  The  Admiralty  were  willing,  but  re- 
quired the  targets  to  be  provided  by  Messrs.  Palmer  at  their  own 
expense.    Having  already  spent  upwards  of  £1000  on  experiments  for  the 
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good  of  the  country,  they  declined  this  proposal,  although  Messrs.  Palmer 
considered  they  had  proved  to  the  Admiralty  this  important  fact,  that 
the  rolled  plates  were  superior  to  the  forged.  It  is,  therefore,  claimed 
for  this  district  the  honour  of  being  the  first  to  prove  the  strength  and 
■utility  of  rolled  armour  plates,  since  known  and  spoken  of  in  Parliament 
as  "  Palmer's  rolled  plates." 

Mr.  Palmer  (as  the  builder  of  the  iron  plated  frigate  Defence)  then  made 
a  slight  digression  in  order  to  express  an  opinion  upon  the  class  of  marine 
architecture  to  which  that  vessel  belongs,  and  stated  that  the  Defence, 
although  in  every  respect  a  strong  ship,  does  not  combine  all  the  strength 
which,  with  the  same  weight  of  material,  might  have  been  obtained,  and, 
with  respect  to  her  model,  gave  it  as  his  opinion  that,  if  she  had  had  less 
rise,  and  more  floor,  and  so  had  drawn  less  water,  she  would  have  steamed 
faster,  answered  the  helm  quicker,  and  have  proved  in  all  respects  more 
manageable  and  convenient.  The  Admiralty  authorities,  he  knew,  did  not 
agree  in  this  view,  and  they  are  at  the  present  moment  spending  a  large 
amount  of  money  in  the  national  dockyards  for  the  express  purpose  of 
building  a  class  of  vessels  similar  in  construction.  In  his  opinion,  it  was, 
to  say  the  lease,  very  questionable  policy  for  the  Admiralty  to  speculate  in 
this  kind  of  shipbuilding.  Private  builders  exerted  themselves  greatly  in 
the  production  of  armour-plated  frigates  for  the  Government ;  those  v 
were  built  in  much  less  time  than  would  have  been  consumed  in  the 
Naval  dockyard,  and  in  the  matter  of  cost  the  difference  must  be  greatly 
in  favour  of  vessels  built  by  contract.  It  is  surprising  to  see  the  tenacity 
with  which  the  Admiralty  cling  to  wooden  ships,  notwithstanding  the 
most  overwhelming  proofs  that  it  is  time  to  adopt  iron  exclusiv. 

Mr.  Palmer  stated  that  it  was  his  desire  to  furnish  the  Association  with 
accurate  statistical  details  of  the  iron  shipbuilding  trade  of  these  northern 
rivers,  showing  the  quantity  of  iron  consumed,  the  number  of  men  directly 
employed,  and  the  amount  of  tonnage  launched  per  annum.  But,  unfor- 
tunately, his  neighbours  on  the  Tyne,  Wear,  and  Tees,  with  a  few  excep- 
tions, were  too  much  engaged  to  supply  him  with  the  statistics  of  their 
respective  establishments ;  he  had,  therefore,  estimated  the  several  totals 
from  such  materials,  aided  by  personal  knowledge  and  experience  as  he 
had  been  able  to  obtain,  and  the  following  statement  is  a  pretty  close 
approximation  to  accuracy. 

Estimated  amount  of  tonnage  of  iron  ships  launched  dm  in..'  the  vear 
18C2  :— 

On  the  Tvne :t2.17."> 

On  the  Wear     15,608 

On  the  Tees  9,660 

The  number  of  men  annually  employed  in  pr  iducitii:  this  quantity  of 
tonnage,  exclusi  I  iged  in  the  manufacture  of  engines,  was — 

On  the  Tyne 1,060 

On  the  Wear    E 

On  ih-  Tees 1,550 

The  quantity  of  iron  consumed  during  the  same  period  in  the  construc- 
tion of  iron  ships  was — 

On  the  Tyne 22,540 

■    Wear      9 

On  the  I  a  6,760 

The  am-  D  tonnage  at  present  00  the  -locks  in  this  district   is 

HOWS  :  — 

rne    

the  Wear    19 

On  thel  I 

Bnl  tl  ihow  us  only  the  labour  that  is  directly  employed  in 

the  produi  i  pro- 

portion of  the  wh  »le.     It  would,  indeed,  bedifflc 
i  he  am  mnl  of  lab  wr  that  is  indiri  rned  in  I 

in-i  ii  ir  m,  the  product  ils,  the  imp 

Hon  i  of  engines,  and  the  supply  of  an 

prove  thai 
buildin  tnt  branchi 

Mr.  Pain 
operations  of  on  o  i  n  Bi  i  i    ■•  bich  l  I  rnsl  ■■•■  ill  pro 
in.'  the  extent  to  which  01 
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Its  point  on  th  i  miles  north  of  Whitby,  the  ironstone 

ou(  in  the  A  les  of  th  id  here  we  : 

ol  Port  Mulgrave,  where  ride  in  Ml 

with  ease  and  e  Between  the  Tyne 

of  out  steamer-  run  direc 
whilst  others  of  a  larger  to  load  si 

from  London.    At  Jarre  ore  i-  dell1 


of  the  Armstrong  hydraulic  cranes,  and  mixed  with  ores  from  Cumberland, 
Devonshire,  and  Lincolnshire ;  thence  it  is  passed  to  the  mills,  and  from 
the  mills  to  the  shipyards.  The  number  of  men  employed  in  these  opera- 
tions is  upwards  of  3500.  The  number  of  tons  of  iron  consumed  per 
annum  in  our  yards  and  engine  works  is  about  1S,000  tons.  The  amount 
of  tonnage  launched  during  the  year  ending  the  1st  August  was  22,000 
tons.  We  have  15,000  tons  in  course  of  construction,  and  orders,  spread 
over  a  period,  for  40,000  tons  more.  Amongst  these  latter  are  steamers  of 
upwards  of  3100  tons  burthen,  pronounced  by  their  owners  to  be  "  the 
finest  and  most  complete  merchant  steamers  ever  built."  They  are  in- 
tended to  bring  cotton  from  the  Southern  States  of  America,  so  soon  as 
the  unhappy  war  in  that  country  shall  cease;  and  they  will,  no  doubt,  be 
hut  the  pioneers  of  others  of  a  similar  class.  One  of  these  steamers  is  of 
sufficient  capacity  to  carry  7000  bales  of  cotton,  and  it  is  estimated  that 
during  one  year  she  will  bring  from  New  Orleans  to  Liverpool  38,500 
bales.  The  crew  of  such  a  vessel  consists  of  60  hands,  and  it  would  re- 
quire five  sailing  vessels  of  1200  tons  each,  employing  ISO  seamen,  to  do 
the  same  work. 

A  consideration  of  the  future  of  the  iron  shipbuilding  trade  opens  out 
a  vast  field  for  speculation,  but  the  ultimate  result  is  not  difficult  to  antici- 
pate. We  have  seen  with  what  success  sailing  vessels  have  been  superseded 
tiners  in  the  coasting  and  coal  trades  j  and  we  know  that ^ magnifi- 
cent fleets  of  steamers,  engaged  in  the  postal  and  other  services,  are 
ploughing  almost  every  known  sea.  As  commerce  increases  there  will  he 
few  trades  in  which  the  employment  of  iron  steamers  will  not  be  found 
of  advantage.  Most  of  the  carrying  trade  to  the  Baltic  and  Mediterranean 
is  already  conducted  in  vessels  of  that  class,  and  the  sailing  ships  that 
the  North  Atlantic  are  being  rapidly  displaced  by  iron  steamers. 
Their  advantages  in  strength,  speed,  and  capacity  are  so  marked  that 
s  dling  vessels  Of  timber  must  give  way  before  them.  Even  the  Admiralty, 
cautious  ami  unyielding  though  it  be.  u ill  have  to  abandon  its  "wooden 
walls  "  in  favour  of  the  stronger  and  more  useful  material — a  material,  too, 
that  lies  in  rich  profusion  beneath  our  feet,  and  has  not,  like  timber,  to  be 
purchased  of  other  nations.  The  commercial  men  of  this  country  have 
set  the  Admiralty  a  signal  example  of  industry  and  enterprise.  It  is  they 
who  have  made  the  CNperiments  and  adopted  the  inventions  that  have  esta- 
blished the  maritime  supremacy  of  this  country,  and  it  is  owing  to  their 
energy  that  we  find  on  every  sea,  in  the  shallow  rivers  of  the  East,  and  the 
deep  liroad  waters  of  the  West,  English  built  ships  of  commerce,  diffusing 
the  benefits  of  free  trade,  and  linking  nations  and  tribes  together  in  bonds 
of  amity  and  peace.  The  true  source  of  our  national  greatness  is  to  be 
sought  in  this  wonderful  development  of  our  merchant  navy.  Other 
nations  are  entering  into  friendly  rivalry  with  us,  but  the  larger  share  of 
the  carrying  trade  of  the  world  will  ever  be  secured  to  that  country  that 
can  produce  vessels  combining  the  largest  capacity  with  the  utmost  amount 
of  economy  and  expedition  in  construction,  and  that  can,  at  the  same 
time,  navigate  those  vessels  with  the  greatest  degree  of  skill  and  rapidity. 
In  conclusion,  permit  me  to  express  the  proud  conviction  I  entertain, 
that  the  mineral  wealth  of  this  district,  and  the  skill  and  endurance  of  its 
workmen,  whether  on  laud  or  sea,  will  enable  the  locality  that  gave  birth 
to  an  Armstrong  and  a  Stephenson  to  maintain  its  character  for  mari- 
time industry  and  enterprise,  and  to  bear  its  full  share  in  promoting  the 
commercial  greatness  of  the  country. 


SHORT  ACCOUNT  OF   THE  IMPROVEMENT  OF    THE  RIVER 

TVNE  UNDEB  THE  PLANS  NOW  BEING  CARRIED  OUT. 
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but  the  preponderating  evidence  of  good  authorities  encourage  a  belief  in 
some  improvement.  That  this  should  still  be  only  matter  of  opinion,  needs 
explanation.  Formerly  ships  sailed  up  and  down  this  river,  and  required 
°reater  width  of  channel  than  is  now  wanted  for  steam  navigation.  At 
present  the  channel  is  less  winding  and  deeper,  but  it  is  not  so  wide  as  it 
was  ;  and  although  the  passage  for  steam  propelled  vessels  appears  to  be 
improved,  the  navigable  condition  for  ships  under  sail,  except  with  a  fair 
wind,  is  probably  to  a  certain  extent  deteriorated." 

When  the  writer  came  to  consider  the  state  of  the  river,  with  the  view 
of  recommending  a  plan  for  its  improvement,  he  found  the  accommodation 
for  vessels  resorting  to  it  to  be  very  deficient ;  the  expenses  for  lighterage 
from  the  manufactories,  which  are  principally  situated  in  the  upper  part 
of  the  river,  to  the  larger  class  of  vessels  which  did  not  ascend,  above 
Shields'  Harbour,  to  be  large;  the  shifting  character  of  the  sands  rendered 
•uncertain  the  depth  at  the  coal  shipping  places  and  factories  on  the  banks ; 
it  was  not  unusual  for  vessels  to  be  detained  two  months,  and  even  longer, 
with  their  crews  on  board,  waiting  for  moderate  weather,  with  a  tide  suf- 
ficiently high  to  be  able  to  cross  the  bar;  deeply  laden  inward  bound  ships 
had  a  corresponding  difficulty  in  arriving,  which  operated  to  prevent  the 
Tyne  becoming  an  import  port ;  its  entrance  was  dangerous  with  on-shore 
gales ;  the  insand  and  middle  ground  stretched  nearly  across  the  entrance  to 
the  harbour,  and  in  rounding  it  vessels,  particularly  if  long  and  deep-laden, 
had  to  come  nearly  broadside  on  to  the  tide,  when  much  damage  was  done, 
especially  when  vessels  left  in  fleets,  which  was  frequently  the  case  after 
stormy  weather,  to  the  extent  of  200  and  300  vessels  in  one  tide,  in  addi- 
tion to  those  entering.  This  danger  became  of  increasing  magnitude  with 
the  increasing  size  of  vessels  ;  the  passage  through  Shields  Harbour  was 
very  shoal,  so  that  deep-laden  vessels  could  not  leave  the  docks  and  take 
the  bar  at  high  water  of  the  same  tide,  which  involved  their  staying  in  the 
harbour,  after  leaving  the  docks,  till  high  water  of  the  following  tide, 
thereby  incurring  considerably  increased  expense. 

Between  the  Northumberland  dock  and  Newcastle,  the  small  river 
steamers  grounded  on  some  of  the  shoals  for  two  and  three  hours  at  low 
water  of  spring  tides,  and  vessels  of  but  small  draft,  about  13ft.  to  15ft., 
could  ascend  the  river  to  Newcastle,  and  these  only  at  spring  tides. 

Above  Newcastle  the  navigation  was  only  used  by  keels,  which  were 
interrupted  in  their  passage  by  not  being  able  to  pass  over  the  Scotswood 
Shoal  at  high  water  of  neap  tides. 

The  deficiencies  in  the  navigation  were  comparatively  little  felt  in  the 
olden  time,  when  the  Tyne  was  the  only  outlet  for  the  comparatively 
small  produce  of  the  coalfields  of  Durham  and  Northumberland,  in  the 
class  of  vessels  of  about  16ft.  draught,  then  most  employed  in  carrying 
on  the  trade,  which  was  principally  coasting  and  short  foreign ;  but  when 
a  larger  and  deeper  draughted  class  of  vessels  came  to  trade  to  the  port, 
to  carry  the  greatly  increased  quantities  of  coal  required  to  supply  the 
steam  marine  of  a  large  portion  of  the  world,  the  detentions  and  risks 
became  serious. 

These  inconveniences,  and  their  consequent  expenses,  were  the  cause  of 
much  serious  complaint,  and  were  diverting  the  trade  and  commerce 
natural  to  the  river,  which  the  railway  system  made  easy  to  do,  to  be  de- 
veloped at  ether  places  where  improved  provision  had  been  made  for  its 
accommodation. 

Having  explained  some  of  the  commercial  features  of  the  time, 
when  the  writer  had  the  plan  for  the  improvement  of  the  river  under 
consideration,  he  will  now  give  a  few  of  its  principal  physical  features, 
irom  observations  then  taken. 

The  rise  of  an  average  spring  tide  at 

Ft.    In. 

Tynemouth  was  about 14    8 

Hebburn  12     3 

Below  Newcastle  Bridge    11     9 

Above  Newcastle  Bridge    11     5 

Scotswood    7     9 

Newburn  3  11 

Eyton  was  the  limit  of  the  tidal  flow  and  the  conservancy. 

The  high  water  of  average  spring  tides  was  level  between  the  sea  and 
Newcastle,  and  rose  about  12  inches  higher  at  Newburn,  but  very  high 
spring  tides  scarcely  filled  the  tidal  receptacle  at  Newcastle. 

The  high  water  of  an  average  neap  tide  rises  4  to  5  inches  higher  at 
Newcastle,  and  about  11  inches  higher  at  Scotswood,  than  at  sea  j  it  does 
not  reach  Newburn. 

The  rise  of  an  average  neap  tide  was,  at 

Ft.    In. 

Ty  nemouth     6     6 

Hebburn    6     6 

Below  Newcastle  Bridge  6    7 

Above  Newcastle  Bridge  6     7 

Scotswood 3     5 

The  high  water  of  average  spring  tides  rose  higher  than  the  high  water 
of  average  neap  tides,  about  4  feet  at  Tynemouth,  3i  feet  at  Newcastle, 
and  3i  feet  at  Scotswood. 


The  average  travel  of  the  tidal  wave  between  Tynemouth  and  New- 
castle varied,  but  with  average  tides  it  was  8  to  12  miles  per  hour,  and  the 
spring  tide  wave  between  Newcastle  and  Newburn  was  about  12  to  18- 
miles  per  hour. 

At  that  time,  during  average  spring  tides,  there  was  20|  feet  of  water 
at  high  tide  on  the  bar;  within  the  bar,  near  to  the  Narrows,  on  the  north 
side  of  the  channel,  a  dangerous  hard  projection  called  the  "  stones " 
existed,  but  which  had  been  partially  rpmoved ;  and  immediately  above, 
on  the  opposite  side  of  the  river,  projected  the  insand  and  middle  ground ; 
a  little  further  up  from  the  north  shore  projected  the  Dortwich  sand,  with 
about  6  feet  on  it  at  low  water ;  higher  up  was  the  Jarrow  shoal,  above 
which  there  were  several  shoals  having  not  more  than  3,  4,  and  5  feet  on 
them  at  low  tide.  Above  Newcastle,  at  low  water,  the  bed  of  the  river 
was  a  great  sandbank,  through  which  .the  land  waters  drained,  a  great  por- 
tion of  the  channel  being  not  more  than  a  few  inches,  and  most  of  the 
remainder  not  more  than  2  to  3  feet  deep. 

The  places  where  trade  was  conducted  and  vessels  lay,  were  mostly  at 
the  bends  on  the  concave  side  of  the  river,  where  the  current  had  scoured 
deep  water— as  between  the  Low  Lighthouse  and  New  Quay,  North 
Shields,  where  the  depth  at  low  water  was  15ft.  to  21ff. ;  opposite  South 
Shields,  between  Panash  Point  and  Tyne  Docks,  12ft.  to  18ft. ;  the 
Killingworth  Staiths,  10ft. ;  the  Pelaw  Staiths,  10ft.  to  12ft. ;  the  Tyne 
Main  Staiths,  7ft.  to  8ft. ;  Blaydon,  3ft.  to  5ft.,  and  several  other  such 
places;  and  Newcastle,  where  the  deepening  of  the  channel  was  due  to 
the  contraction  of  its  width,  the  depth  at  the_Qnays  was  5ft.  to  6ft.,  with 
two  short  berths  about  13ft. 

A  general  comparison  of  the  observations  taken  by  me  in  1859,  with 
those  left  on  record  by  Mr.  Eennie,  taken  in  1813,  show  the  high  water  to 
be  about  the  same  at  both  periods;  but  that  the  low  water  level  at  New- 
castle had  been  depressed  during  that  period  about  14in.  to  18in.,  lessen- 
ing towards  the  sea. 

In  the  year  1859,  the  number  of  vessels  that  arrived  in  the  river  was 
18,878,  having  3,143,857  register  tonnage ;  and  they  carried  altogether, 
including  imports,  exports,  ballast,  &c,  about  5,500,000  tons  ;  there  was, 
in  addition,  carried  on  the  river,  in  keels,  nearly  2,000,000  tons,  and  about 
1,000,000  tons  of  dredging  material  and  factory  rubbish,  carried  along  the 
river  to  be  deposited  at  sea. 

With  these  data,  the  writer  prepared  a  plan,  by  which  he  intended  to 
take  a  comprehensive  view  of  river  improvement,  and  which  could  nob 
fail,  if  successfully  carried  out,  to  benefit  materially  all  the  interests 
situated  on  the  banks  of  the  Tyne.  This  plan,  in  1860,  was  submitted  to 
the  River  Commissioners  and  approved  by  them,  and  received  the  sanction 
of  Parliament  in  the  session  of  1861. 

A  portion  of  the  plan  sanctioned  by  Parliament  was  a  dock  of  about  40 
acres  area,  known  by  the  name  of  the  Low  Lights  Dock,  designed  with 
the  view  of  affording  better  accommodation  to  the  larger  class  of  vessels, 
effecting  a  saving  in  towage  and  pilotage,  and  enabling  that  portion  of  the 
steam  coal-field  which  is  situated  on  the  seaboard  to  ship  the  coals  from 
it  with  a  somewhat  shorter  railway  lead;  but,  as  the  dock  does  not  neces- 
sarily form  a  portion  of  the  river  improvement,  which  it  is  the  intention 
of  this  paper  to  draw  attention  to,  it  will  not  be  further  alluded  to. 

The  plan  of  river  improvement  contemplated  deepening,  widening,  and 
straightening  the  river  from  the  sea  to  the  limits  of  the  Commissioners' 
jurisdiction  near  Eyton,  a  distance  of  nearly  twenty  miles  inland,  so  as  to 
make  a  channel  easily  navigable  for  the  largest  vessels  between  the  sea 
and  Shields  Harbour,  the  Docks  there,  and  Newcastle ;  and  for  such  a 
class  of  vessels  in  the  upper  part  of  the  river  as  can  be  passed  under  the 
High  Level  Bridge  at  Newcastle;  a  sufficient  depth  of  water  to  be  carried 
up  to  the  river  walls,  for  the  purposes  of  traders  having  establishments  on 
the  banks. 

To  give  effect  to  these  views,  the  plan  provided  for  a  depth  at  high 
water  average  spring  tides  of  29ft.  from  the  sea  to  the  docks,  thence  to 
Newcastle,  26ft.,  and  thence  to  Eyton  (the  boundary  of  the  Commissioners' 
jurisdiction),  23ft.;  at  average  neap  tides  the  high  water  depth  would  be 
about  3  to  4ft.  less. 

This  would  give  a  low  water  depth,  at  springtides,  of  about  15ft.  up  to 
the  docks,  12  to  13ft.  thence  to  Newcastle,  and  above  Newcastle  10  to  lift. ; 
at  average  neap  tides  the  depth  would  be  3  to  4ft.  more. 

And  to  give  a  safe  and  easy  navigation,  at  the  abrupt  bends,  for  the 
larger  class  of  vessels,  expected  to  use  the  river  in  its  improved  condition, 
it  was  intended  to  remove  all  projecting  points  that  would  be  difficult  to 
navigate;  as,  for  instance,  the  stones,  the  unsand  and  middle  ground, 
Whitehill  Point,  Bill  Point,  Bill  Quay  Point,  Felling  Copperas  Point, 
Friar's  Goose  Point,  and  other  smaller  points  ;  and  above  bridge,  to  cut  a 
straight  channel  between  Scotswood  and  Semington,  and  to  remove  other 
projections,  and  form  a  uniform  navigable  channel,  leaving  the  existing 
channel  at  Blaydon  to  be  deepened  and  used  as  a  tidal  basin  for  the  ac- 
commodation of  the  trade  located  there. 

The  width  of  the  river  would  then  be,  in  Shield's  Harbour,  from  1000  to 
1400ft.,  gradually  diminishing  to  850ft.  at  Howden,  700ft.  at  Hebburn, 
500ft.  at  Newcastle,  except  at  the  narrowest  part,  where  the  quay  walls  are 


The  Aetizas,"] 
Nov.  1, 18G3.     J 


British  Association  for  the  Advancement  of  Science. 


245 


already  constructed  to  the  limited  width  of  350  to  400ft.,  500ft.  ahove 
Newcastle  Bridge,  450ft.  at  Scotswood,  and  400ft.  at  the  boundary  at  Eyton. 

To  admit  of  masted  ships  into  the  upper  river,  a  bridge,  in  lieu  of  the 
existing  town  bridge,  at  Newcastle,  was  provided,  the  two  centre  spans, 
eacli  1 00ft.  wide,  to  swing  open,  when  it  was  expected  that  sailing  vessels 
up  to  400  tons,  screw  steamers  up  to  1000  or  1200  tons,  would  use  the  upper 
river,  and  receive  their  cargoes  without  transhipment  or  lighterage ;  and 
that  vessels  of  any  size,  the  Great  Eastern  not  excepted,  could  be  built 
and  engined  there. 

The  estimated  capital  expenditure  to  CDmplete  these  works,  with  tbe 
purchase  of  land,  &c,  was  £950,000. 

The  improvements  just  indicated  would,  when  executed,  give  to  the 
river  a  channel  greatly  exceeding  its  natural  capacity,  the  formation  of 
which  the  writer  intended  to  accomplish  and  maintain  by  dredging;  and 
remove  the  projecting  points  by  blasting,  excavation,  diving,  and  the 
other  usual  means.  The  cost  of  maintenance  of  this  channel  he  estimated 
to  be  moderate. 

The  piers  at  the  entrance  to  the  river,  which  were  being  carried  out 
under  the  direction  of  the  late  Mr.  Walker,  he  relied  on  for  shelter  when 
dredging  in  the  open  sea;  but,  from  the  slow  progress  which  these  works 
have  made,  he  has  not  yet  received  the  full  benefit  from  this  source  that 
he  expected,  though,  no  doubt,  it  will  be  so.  These  works  have  already 
considerably  protected  the  entrance  to  the  port,  and  will  increase  in  value 
as  they  approach  completion  by  giving  increased  shelter  to  vessels  entering 
the  harbour,  by  dispersing  and  dissipating  the  waves  after  they  have 
passed  their  heads,  thus  enabling  vessels  to  bring  up  in  comparatively 
quiet  water;  and  the  shelter  so  afforded  will  permit  of  the  dredging 
machinery  being  applied  effectually  to  deepen  any  requisite  area  inside  of 
them  that  may  be  found  requisite  either  for  refuge  or  the  ordinary  opera- 
tions of  commerce. 

The  estimated  expenditure  to  complete  the  piers  into  a  depth  of  30ft. 
at  low  water,  as  made  by  Mr.  Walker,  was  CGt»0,000 ;  that  being  the 
depth  into  which  the  commissioners  have  at  present  resolved  to  carry 
tliem. 

When  the  improvements  in  the  river  are  carried  out,  the  writer  antici- 
pates that  the  high  water  will  rise  about  lft.  higher  at  Newcastle,  and 
2ft.  higher  at  Ryton,  than  at  the  sea;  that  the  tidal  column  of  the  sea 
will  be  carried  inland  to  the  limits  of  the  improvements  ;  that  the  tidal 
wave  will  be  accelerated  to  an  average  speed  of  16  to  20  miles  per  hour  ; 
and  that  the  great  additional  momentum  due  to  the  increased  column  of 
tide  and  greater  area  of  receptacle,  situated  chiefly  in  the  upper  part  of 
the  river,  and  the  increased  sectional  area  of  channel  by  allowing  a  more 
rapid  discbarge  of  the  freshes,  will  greatly  add  to  the  scouring  power  of 
the  tidal  and  Hood  waters  on  the  river,  but  more  especially  on  v  ■ 
channels. 

Towards  carrying  out  these  works  some  progress  has  been  made. 

'flu:  Btones,  tbe  insand  and  middle  ground,  the  Dortwich  sand,  a 
large  portion  of  the  WLitehill  Poinf  have  been  removed;  the  general 
river  has  been  deepened  to  such  an  extent,  that  then'  will  be  shortly,  pro- 
bably during  the  present  year,  the  depth  of  water  between  the  sea  and 
the  docks  contemplated  by  the  original  plan ;  the  river  up  to  Newcastle 
has  been  so  far  improved,  about  -  to  '■'•  feet,  thai  tin-  small  passenger 
mboats  are  never  interrupted  in  their  r,  and  tin' 

passenger  steamboat  traffic  has  thus  been  enabled  to  be  established.  The 
increased  depth  at  the  same  time  benefited  the  genera]  trade,  and  the  upper 
river  can  be  navigated  by  keels  < 1 1 1 r i 1 1 ur  all   tides. 

There  has  been  already  provided,  oris  under  contract  for  delivery  during 
the  next  three  months,  dredgin  ng  of  6  dredging  machines, 

7  tug  steamboats,  10  hoppers,  10  screw  hoppers,  10  craft,  repairing  i 
&c.,  of  the  value  of  about  £260,000,  which  is  capable  of  raising  i 
the  bed  of  the  river  about  2^  to  8  millions  of  cubic  yards  per  annum. 

Plans  are  in  progress,  and  nearly  completed,  for  the  removal  "!'  Hill 
Point  and  Friart  Goose  Point,  and  the  reconstruction  of  Newcastle  Town 
Bridge  as  an  opening  bridge. 

The  writer  has  hitherto  every  reason  to  be  satisfied  with  the 
attending  the  prosecution  of  these  works,  and  dor,  not   entertain  any 
doubt  of  tbeir  ultimate  success,     lie  folly  expects  thai  in  about  four  yean 
■  the  improvements  will  be  i  l  in  about 

four  years  afterwards  up  to  the'  boundary  if  Byton. 

The  only  modification  of  the  plana  just  described  is  ti ndc  ivonr  now 

being  made  to  bring  20ft.  oi  water  at  low  tide  from  the  Shields 

Harbour,  in  place  of  L5ft,  ns  originally  intended ;  and  the  only  fui 
deviation  at  present  contemplat  i  portion  of  Shields  Barbour 

and  adjoining  river  26ft.  to  28ft  deep  at   Ion    tide,  in  place  of  161 

originally  intended,    in    order    tint    tie-    •■  n   be 

able  to  Boat  there — a  result  which  it  is  hoj  ■  Dpllshed  during 

the  next  or  follow  log  year. 

Already  with  the  improvements  made  there  is  little  detention  t  isbjp] 
ami  large  v( Is  are  frequenting  the  porl  In  Increasing  numfa         i  .«.•  ease 


of  entrance,  as  well  as  exit,  combined  with  providing  proper  accommodation 
for  cargo  will,  the  writer  anticipates,  at  no  distant  date  be  the  means  of 
establishing  an  import  trade,  as  ships  chiefly  now  arrive  light  in  ballast  ; 
and  he  would  expect  that  the  general  facilities  afforded  by  an  improved 
river,  which  in  fact  will  become  a  deep  and  spacious  harbour,  nearly  20 
miles  long,  and  from  400  to  1400ft.  wide,  will  be  so  valuable  as  to  add 
vastly  to  the  industrial  pursuits  and  commerce  carried  on  on  its  banks ; 
and  by  no  means  the  least  expectation  he  ventures  to  indulge  is,  the  hope 
that  the  vessels  ofjher  Majesty's  navy — the  Channel  Fleet,  if  wished — may 
freely  enter  and  leave  our  port,  and  be  well  accommodated  when  in  it. 


ON  REGENERATIVE  GAS   FURNACES  AS   APPLIED   TO   IRON 

WORKS. 
By  C.  W.  Siemens,  F.R.S.,  &C. 

The  principle  of  the  regenerative  gas  furnace  has  already  been  ex- 
plained to  the  scientific  public  by  Professor  Faraday,  in  a  lecture  delivered 
by  him  at  the  Royal  Institution  in  June,  18(52.  Its  general  construction, 
and  the  history  of  its  invention  and  gradual  development,  form,  moreover, 
the  subject  of  a  paper  which  was  read  by  me  in  January,  18G2,  before 
the  Institution  of  Mechanical  Engineers. 

Since  that  period  this  principle  of  heating  has  been  extensively  applied 
in  England,  France,  Germany,  and  other  countries  to  glass  houses,  for 
heating  gas  retorts  and  muffles  for  metallurgical  purposes,  for  melting 
steel,  and  for  puddling  and  welding  iron. 

The  ostensible  object  of  this  invention  being  to  save  fuel,  it  could  hardly 
be  expected  that  it  would  be  favourably  looked  upoir  in  this,  the  greatest 
coal  producing  district  of  the  whole  world  ;  but  experience  has  proved 
that  there  are  other  advantages  resulting  from  its  application  which,  in 
the  case  of  puddling  and  working  iron,  are  even  superior  in  value  to  mere 
saving  of  fuel.  The  accompanying  illustrations  (sec  next  page)  represent 
a  furnace  for  welding  and  working  iron,  and  the  gas  generator  connected 
with  it. 

The  heated  chamber  K,  is  of  the  usual  form,  but,  instead  of  a  fire-place, 
there  are  four  passages  MN  (two  at  each  end  of  the  chamber),  leading  down- 
wards into  four  regenerators,  or  chambers  LL,  filled  with  loosely  piled  fire- 
bricks. The  lower  extremities  of  these  four  regenerator  chambers  commu- 
nicate with  two  cast  iron  reversing  valves. 

The  gas  arriving  from  the  producer  through  a  pipe  .1,  is  directed  into 
one  or  more  regenerators,  according  to  the  position  of  the  valve  S, 
then  ascends  upwards,  and  becomes  charged  with  heat  previously  de- 
posited in  the  brickwork,  and  issues  into  the  furnace  at  a  certain  point 
where  it  meets  with  a  current  of  heated  air,  rising  from  the  second  re- 
generator to  effect  its  combustion.  The  products  of  combustion  p:iss 
away  through  the  opposite  regenerators  and  the  reversing  valves  into  the 
chimney  flue. 

The  last  named  regenerators  receive  at  this  time  the  waste  heat  of  the 
furnace,  becoming  heated  at  their  upper  extremity  to  the  temperature 
nearly  of  the  furnace  itself,  but  remaining  comparatively  cool  towards  the 
bottom. 

Every  hour  or  half-hour  the  direction  of  the  currents  is  reversed  by   a 
of  the   valve   levers;   the  heat,  before  deposited  in  the  One  pair  of 
now  communicated    to   the   air   and  gas   coining  in,  while 
the  waste  heat  replenishes  the  second  pair  of  regenerators. 

The  gas  producer  consists  of  two  inclined  planes,  upon  which  the  fuel 
descends,  being  gradually   deprived  in  heating  of   its  gaseous  constituents. 

and  finally  burnt   to  carbonic  oxide  by  the  air  entering  through  the  grate 

at   the  bottom  of  tin'  inclines.      Water  admitted  at   the  bottom   also  assists 

in  the  decomposition  of  the  ignited  coke  at  tin'  bottom,  converting  the 
same  inf  i  carbonic  oxide  and  hydrogen  gas. 
The  saving  of  fuel  which  has  been  effected  by  this  arrangement  amounts 

to  tr. mo    In  i  ,   50    peI  ,.,-,,t.      ],,  (i,,.   application  |,,  reheating  and  puddling 

furnaci  -  a  saving  of  iron  has  been  effected,  owing  to  the  mildness  of  the 

gas   flame,  Of  from  8  to   t  per  cent,  of  tin'   entire  quantity  put   in;   the  iron 
also  weld-    more  perfectly   than  it  does   in   the    ordinary  furnaces.      Smoke 

i>  entirely  obviati  d 

another   arrangement    the    regenerative    principle    has    been    applied 

ns,  the  result   being  that  the  separatl f  the  coke  irom 

its  gaseou-  constituents  I   effected  without  losing  the  latter. 

In    placing   the    COke   I  rent   Constructed  On    this    plan    near    the    works 

where  the  puddled  ami  reheated,  the  latter  operation   may  be 

m  rated    in  the   coke    necessary    for 
tin'  blast  furnace  in  producing  the  pig  iron.    Or  the  gas  resulting  from 

the   r<  I  mil    he  used  to  heat    the  1  .l:i - 1   ami    boilers  con- 

i  with  the  blast   furnace.    These  latter  Improvements  an'  now  in 

I  Sect  on  a  large  scale,    The  gas  generated 

from  ■  named  prodneen  laof  ■<  very  Illuminating  character,  and 

may,  it  .    expected,  be  used  for  that  purpose  in  preference  to  the  hydro* 

■  u  ed  bj  i  much  more  expensive  proci 
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WORKING   RAILWAYS   BY   STATIONARY   ENGINES. 

By  R.  axd  W.  Hawthorn". 

(Illustrated  hi/  Plate  251.) 

The  paper  brought  before  this  section  is  a  description  of  a  method  of  working 
a  certain  class  of  railways  bv  means  .of  ropes  from  stationary  engines — specially 
adapted  to  underground  railways. 

A  system  of  working  railways  by  fixed  engines  and  ropes  has  long  been  in 
use  on  the  colliery  railways  around  Newcastle-upon-Tyne,  as  well  as  in  other 
districts,  and  a  plan  for  the  same  was  made  the  subject  of  a  patent  by  Mr. 
Benjamin  Thompson,  then  of  Ayton  Cottage,  in  the  County  of  Durham,  and 
was  introduced  on  one  or  two  colliery  railways.  It  consisted  of  a  succession  of 
fixed  engines  at  certain  intervals  from  one  end  of  the  line  to  the  other,  each 
engine  being  employed  to  work  a  portion  of  the  railway  in  the  following  manner. 

The  engine  gave  motion  to  two  rope  rolls,  and  the  rope  from  one  of  those  rolls 
was  attached  to  one  end,  and  the  rope  from  the  other  roll  was  attached  to  the 
other  end  of  the  train.  Whilst  one  of  these  rope  rolls  was  disengaged  from  the 
engine,  and  allowed  to  ran  loose,  the  other  was  in  gear,  and  the  rope  from  it  was 
passed  along  the  line  and  round  a  loop  sheave,  then  brought  back  and  attached 
to  the  train.  The  engine  being  put  in  motion,  the  train  was  dragged  to  the 
furthest  end  of  the  section  worked  by  that  endue,  at  the  same  time  unwinding 
the  rope  from  the  loose  roll,  and  taking  it  with  it  to  be  afterwards  employed  to 
drag  back  the  returning  train.  This  was  continued  throughout  the  line,  each 
successive  engine  taking  up  the  train  and  carrying  it  over  a  section  of  the  line. 

This  method  was  not  a  satisfactory  one  for  the  conveyance  of  passengers,  as  the 
rider  or  guard  in  charge  had  not  sufficient  control  over  the  movements  of  the 
train,  and  there  is  an  objection  to  the  carriages  being  attached  directly  to  the 
rope,  and  at  such  a  distance  from  the  motive  power.  Ropes  have  been,  and  are 
yet  applied  in  other  way-  :  for  instance,  on  gravitating  or  descending  plant-. 
down  which  a  loaded  train  passes,  having  the  rope  attached  to  the  after  end. 
round  a  sheave  at  the  top  of  the  incline,  and  thence  down  to  the  ascending  train, 
and  thus  the  descending  loaded  train  draw-  up  the  ascending  light  train  ;  or 
where  the  load  lias  to  ascend,  a  fixed  engine  is  employed  to  draw  it  up,  and  the 
descending  train  takes  the  rope  down  with  it.  Ropes  are  also  applied  in  a  variety 
ays,  to  the  working  of  incline  planes  on  passenger  railways.  Thus  there  is 
nothing  new  in  the  use  of  stationary  engines  and  ropes  for  working  railway 
traffic. 

It  will  be  observed  that,  in  all  the  cases  referred  to,  the  rope  is  attached  directly 
to  the  carriages. 

In  the  proposed  plan  now  offered  to  the  notice  of  the  members  of  the  Associa- 
tion, the  means  of  communicating  motion  to  the  train  gives  greater  security,  as 
well  as  the  advantage  of  avoiding  the  necessity  of  attaching  a  train  to  the  end 
of  a  rope,  thus  ensuring  to  the  guard  as  complete  control  over  the  movements 
of  the  train,  as  he  now  has  in  the  employment  of  the  locomotive  engine.  In  the 
new  system,  it  may  be  stated,  without  exaggeration,  that  the  rope  drives  the 
locomotive  wheels,  and  each  carriage  carried  its  own  rail" 

It  is  proposed,  with  the  ordinary  construction  and  gauze  of  railway,  to  place 
in  the  intermediate  space,  between  a  double  line  of  rails,  a  series  of  double 
grooved  sheaves  £  indies  or  axles,  which  p  under  the  rail-, 

extending  a  little  over  the  centre  of  each  line  ;  a  plain  wheel  or  roller  is  fixed 
upon  each  end  of  these  axles,  by  which  the  motion  is  communicated  to  the  train 
from  a  stationary  engine  or  engines,  placed  at  a  convenient  point  of  the  lint 
means  of  an  endless  wire  or  other  rope  passing  alternately  over  and  under  the 
grooi  "  the  extremity  of  a  section  of  the  line,  where  it   is  taken 

I  a  large  loop  sheave  and  returned  to  the  engine  now  passing  over 

sheave,  which  it  before  passed  under,  and,  vice  c< ,-.«»,  the  double  groove  provid- 
ing for  the  rope  crossing  itself  witho 

Having  traversed  twice  along  the  line  of  sheaves,  the  rope  goes  again  on  to 
the  large  windin  I  on  which  a  sufficient  number  oi 

are  taken  to  ensure  the  requisite  Mi 

From  this  arrangement  of  the  rope  on  th 

altera  runsintho« direction,  ive  in 

reotion ;  and  this  motion  is  communioated  to  the  traction  w 
or  roll  menti id, 

It  i-,  proposed  to  construe!  th  sr  linos  on  the  principle  of 

those  used  in  Ln  tli  of  from  I 

75ft.,  supported  on  bridges,  and  capabl  Prom  200  to  250  pa--.  . 

carnage  to  be  fitted  with  traction  bars,  these  bars  extending  over  two  or 

more  alternate  traction  rollers,  and  to  fa  I  with  tl rains 

wheels  for  ranning  on  the  rails.    Then  of  which  then  are  twa 

placed  side  bj  sidi  at  such  may  i»-  necessary  to 

the  requirements  of  the  line,  a- to  can  traction  bat 

worked  either  in  connection  with,  or  independent  of  each  other  by  ■  suitable 
arrangement  of  levers  or  other  gearing,  by  which  either  of  the  ban  can  be 
raised  or  depressed  thereby,  bringing  a  portion  of  the  weight 

Upon  the  traction  wheels  or  rollers,  thus  giving  motion  to  the  train  of  can 

iii  either  direction.    Or  both  these  ban  can  be  raised  out  of  contact   with  the 

traction  wheel-  or  rollers,  and  the  train  left  free  from  all  tractive   I 

The  traction  ban  '..ill  he  nearly  the  full  length  ot  the  carriage,  and  the  traction 
rollers  will  he  placed   about  18ft.  apart,  or  at  ti.  9  I  per  mile. 

The  carriage  made  in  this  way  is  adapted  for  ranning  with  either  end  first. 
being  provided  at  each  end  with  a  platform  on  which  the  driver  stands  to 
the  traction  ban j  and  it  is  considered  that,  for  otdinary  tiafflii.  one  oarage 
will  be  sufficient  to  Barm  a  train,  hut  two  or  more  niav  be  attached  t 
other,  or  the  number  of  trains  of  a  single  t— *isjr  eel.  mm  he  n,creuned  to 
meet  the  requirements  of  the  traffic. 

The  motion  of  the  tram  can  hi-  quickly  and  certainly  retarded   or   ^topped   b] 

raising;  one  hot  and  depressing  the  other  in  the  manual  thenhj  n> 

veTsimj  the  direction  of  the  drum.'  motion. 
A    separate,  or  independent  traction  carriage  may  bo  used,  fitted  with  the 


traction  bars  and  gear  :  but  it  is  considered  that  such  an  arrangement  would  in 
most  cases  only  be  adding  a  useless  and  unmeaning  weight  to  the  most  useful 
portion  of  the  train. 

The  present  line  of  Underground  Railway  through  London,  from  Paddington 
to  Farringdon-street,  is  favourable  to  the  use  of  the  locomotive  engine,  where 
so  much  of  the  surface  of  the  ground  under  which  it  passes  is  unoccupied  by 
buildings,  and  readily  admits  of  a  good  deal  of  open  cutting  and  ventilation  at 
the  stations,  which  cannot  be  the  case  where  the  railway  passes  under  the 
densely-populated  parts  of  a  city,  as  those  projected  in  London  must  do.  In 
such  cases,  it  will  be  necessary  to  provide  for  working  in  a  continuous  tunnel,  of 
perhaps  three  or  four  miles  in  length,  in  which  the  steam  and  smoke  of  locomo- 
tive engines  would  prove  obnoxious  to  a  much  greater  extent  than  is  experienced 
on  the  present  line,  which  is  only  partially  an  underground  railway.  As  there 
does  not  appear  to  be  any  means  of  remedying  these  evils,  except  at  a  very 
extravagant  cost,  it  is  believed  that  the  new  system  may  be  introduced  with 
advantage  in  such  cases  as  are  above  referred  to,  viz.,  railways  passing  under 
large  towns,  or  in  situations  where  opportunities  do  not  occur  of  having  openings 
to  the  surface. 

The  maintenance  of  the  engines  will  be  considerably  less  than  with  locomo- 
tives, to  balance  the  expense  of  keeping  in  working  order  the  sheaves,  ropes,  &c, 
which  will  cost  more  than  an  ordinary  line. 

Both  calculations  and  experiments  on  the  adhesion  required  to  propel  a  train 
remove  any  reasonable  doubt  of  being  able,  by  the  new  system,  to  obtain  sulli- 
cient  traction  force  by  the  traction  bars  and  pullies :  and  it  is  evidently  quite 
lie  to  increase  this  traction  force  if  required.  With  a  locomotive,  a  train 
of  15  or  20  carriages  has  to  he  drawn  by  an  intense  pressure  on  ti  or  8  points,  and 
it  is  this  which  adds  such  a  heavy  item  to  the  cost  of  railway  maintenance. 
This  disadvantage  will  he  to  a  great  extent  remedied  by  the  proposed  system, 
the  tractive  force  being  more  distributed,  and,  consequently,  the  wear  and  tear 
diminished. 

Finally,  if  such  a  system  as  the  one  proposed  can  be  introduced,  free  from  the 
objections  that  have  hitherto  been  considered  inseparable  from  the  use  of  ropes, 
it  wili  greatly  facilitate  the  construction  and  extension  of  underground  railway- 
without  their  present  drawbacks. 


In  the  discussion  which  ensued,  after  the  members  bad  bad  an  opportunity 
of  examining  the  working  models  shown  in  the  Exchange  Rooms  Exhibition, 

Professor  Thompson- (Dublin),  stated,  he  considered  that  the  friction  of  the 
rope  on  the  sheaves  would  he  excessive,  from  the  frequent  bending  of  the  rope. 
Ight  the  present  locomotive  system  was  much  better. 

Mr.  G.  1j.  r>:;rcE  thought  there  were  difficulties  in  the  way  of  the  practical 
application  of  the  system.  A  difficulty  would  he  found  in  getting  the  carriage 
to  bear  upon  three  surfaces  fairly  and  equally.  That  was  a  mechanical  difficulty 
which  might  be  overcome.  He  thought  the  motion  of  the  wheels  underneath 
the  carriages  w  mid  cause  a  disagreeable  motion  in  the  carriage,  and  the  comfort 
of  the  passengen  would  be  interfered  with.  He  was  also  afraid  that  ingoing 
round  a  s]mrp  curve  there  would  be  a  danger  of  the  traction  liar  getting  cm  the 
wrong  wlc 

Mr.  J.  .lis    i,  unci;  thought  the  direction  of  the  rope  was  merely  a  matter 

of  detail,  which  might  be  changed  without)  any  great  alteration  of  the   scheme. 

hi   tunnels,  curves  were  avoided  as  much  as  possible,  and  there  would  be  nodilli- 

culty  in  working  round  a  reasonable  curve.     It  was  stated  in  the  paper,  that  the 

intended  to  he  chiefly  applicable  to  underground  railways,  or  in  cases 

loke  and  sreani  from  locomotives  would  he  objectionable. 

Mr..  (Derby),  said  that  curves  were  not  always  avoidable  in  tun- 

nels, and  all  -  irts  ot'  curves  were  made  in  them.  He  understood  that  the  in- 
vention was  intended  to  he  applied,  not  to  the  ordinary  railway,  hut  to  under- 
ground railways,  such  as  had  been  projected  in  the  metropolis  and  other  large 
He  had  more  faith  in  another  scheme,  which   had   been  tried  to  a  small 

extent.     Hi  meant  the  pneumatic  railway. 

Tie    I  lit    was  not  made  clear  by  the  paper,  whether  the  traction 

bar  was  to  be  applied  to  i  ai  h  carriage  of  a  train,  or  to  one  only. 

Mr.  b  thought  that,  when  the  traction  bar  had  passed  over  one  wheel, 

it  would  baveo  tendency  to  drop,  unless  every  wheelwasat  orabout  the  centre. 
look  would  be  given. 

-aid.  a-  be  understood  the  scheme,  the  carriage  was  always 
re  h  In  .  1-. 
Mr.  . .  C.E.,  said  there  was  another  objection,  viz.,  the  using  of  the 

"journal-  "  ol    the  SxleS,  which  would    alter  their  level  :  and  the   wearing  Of  the 

i  be  unequal,  causing  the  bar  to  bear  upon  one  wheel  and 

I  er. 

Mi  ted  that  it  was  intended  that  every  carriage  should 

iage.     with  regard  to  the  difficulty  of  working  round  curves. 

<  i  i    raster  difficulty  than  existed  at  present.    With  re- 

I  the  carriage,  he  did  not  apprehend  that,  with  the 

irings  contemplated,  there  would  be  more  than  in  tl rdinary 

He  thought  that  it  would  he  found  that  a  much  .r.ater  incline 

could  ip  by  tins  scheme  than  by  the  ordinary  locomotive  system, 

■  the  invention  was  not  to  supersede  the  ordinary  railway,  h. 
employment  in  tunnels,  when  the  use  "t  the  locomotive  was  vet  table. 

Mr.  AOSBV]  inv  said   that,  in   going  round  a  curve,  the  traction  har  would  be 

s  tans  urve,  and  there  would  be  a  slight  motion  in  passing  from  one 

wheal   to  another. 

Mr.  Spkm  i:u,  in  reply  to  a  question,  eiplnincd  ho.v  the  carriage-  wen- stopped. 
when  in  motion. 

I'l  ■•■••  i  rsoN  said  that  one  part    of  his   objection    to    the    scheme   was 

Mteuicnt  that  it  was    intended    only    tor    tunnels    and    not    for 

II.    wished  to  know  in  what  respect  this  nio,|,.  would  he  superior  to 

tin-  ordinary  -.  item  ot  win  ropes,  w  Mob  m  at  pnsent  used  in  many  tunnels, 
Admiral  >ir  fewutB  Hi  U  m:it  i-aid  that,  havim.'  something  to  do  «  ith 
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and  being  avvave  of  the  difficulty  of  crossing  two  ropes  in  a  purchase,  he  thought 
the  ropes  might  have  a  tendency  to  cut  each  other  if  one  of  them  was  taut  and 
the  other  slack, 

Mr.  Spencer,  in  reply  to  an  objection  as  to  the  ability  to  stop  the  carriages, 
explained  that,  by  the  mechanism  connected  with  the  traction  bars,  the  motion  of 
the  carriage  would  be  completely  under  the  control  of  the  guard  or  driver. 

Mr.  Abernethy  understood  that,  in  order  to  stop  the  train,  it  would  be 
necessary  to  disengage  the  traction  bar. 

Mr.  Spencer  said  it  would.  There  would  be  a  guard  to  every  carriage,  which 
would  be  built  on  the  American  principle,  to  carry  about  240  passengers.  On  a 
short  line,  with  constant  traffic,  each  train  would  only  consist  of  two  or  three 
carriages. 

The  President  inquired  if  the  carriages  would  be  linked  together. 

Mr.  Spencer  said  they  would,  but  not  necessarily.  In  a  train  of  carriages  the 
first  one  only  might  be  used  as  a  traction  carriage,  the  others  being  dragged  by 
it  as  ordinary  trains  are  by  a  locomotive.  He  wished  it  to  be  understood  that 
the  plan  was  necessarily  incomplete  as  to  many  points  of  detail,  and,  therefore, 
he  hoped  that  it  would  be  charitably  dealt  with. 

Mr.  Wi.  Hawthorn  replied  generally  on  the  subject.  He  stated  that,  in 
cases  where  this  principle  was  intended  to  be  employed,  he  supposed  that  one 
carriage  would  generally  be  all  that  was  necessary  to  constitute  a  train.  If  more 
were  required  it  would  only  be  necessary  to  increase  the  number  of  trains.  The 
advantage  this  system  had  over  the  ordinary  mode  of  working  with  wire  ropes 
was  in  the  perfect  command  of  the  movement  of  the  train  which  the  driver  or 
guard  had,  by  simpl}'  raising  the  traction  bar  from  the  sheaves,  when  the  con- 


nection with  the  motive  power  ceased  at  once.  The  greatest  amount  of  friction 
would  be  at  the  bends  of  the  rope  on  the  sheaves  ;  but  the  friction  of  the  axle 
would  not  be  so  great  as  might  seem  at  first  sight,  and  the  rapid  passage  of  the 
train  over  the  wheels  would  prevent  any  tendency  to  heat  the  bearings,  on  which 
the  weight  would  only  be  for  a  few  moments. 

Admiral  Sir  E.  Belcher, —  Supposing  you  were  ascending  an  incline,  and  the 
power  was  not  sufficient,  and  the  train  commenced  running  back,  how  would  you 
stop  it  ? 

Mr.  W.  Hawthorn, — It  is  not  intended  that  this  scheme  should  be  applied 
to  inclines  that  could  not  be  overcome.  Supposing  you  were  ascending  an  in- 
cline by  a  locomotive  under  the  same  circumstances,  you  would  be  in  the  same 
position. 

Admiral  Belcher, — But  we  would  have  the  steam  power  to  help  us. 

Mr.  W.  Hawthorn  said  there  was  another  thing  that  had  been  alluded  to — 
the  jar  that  would  be  felt  by  the  passengers  in  the  carriage,  by  the  striking  of 
the  traction  bar.  This,  however,  could  only  occur  from  some  defect  in  the  line, 
which  would  require  to  be  kept  in  good  repair  the  same  as  an  ordinary  railway. 
The  springs  which  it  was  intended  to  apply  would  render  the  motion  of  the 
carriage  quite  easy  on  a  good  line. 

Mr.  Thomas  Webster  said  anything  coming  from  Mr.  Hawthorn  must  be 
worthy  of  their  attention,  and  he  trusted  that  the  scheme  might  be  followed  up, 
so  that  they  might  see  how  far  it  would  succeed. 

The  President  said  the  paper  had  been  well  discussed.  It  was  a  most  in- 
genious scheme,  and  had  their  best  wishes  for  its  success. 


NEW  PLAN  FOR  HANGING  DOCK  GATES. 

The  following  is  an  abstract  of  the  paper  read  by  Mr.  R.  A.  Peacock,  of  Jersey, 
upon  this  subject : — 

The  works  of  docks  and  harbours  must  necessarily  be  stror.g  and  durable,  and 
therefore  expensive ;  but  any  new  methods  of  construction  which  are  sufficiently 
durable  and  convenient,  and  by  which  expense  is  considerably  reduced,  are  so 
much  gained.  He  exhibited  models  of  gates,  showing  how  the  mortices  and  tenons 
were  removable.  Shipping  having  gradually,  but  largely  increased  in  dimen- 
sions during  the  last  twenty  years,  it  became  necessary  to  provide  wider  and 
deeper  water-ways  to  docks,  and  consequently  dock  gates  of  greater  height  and 
length.  Rollers  for  the  outer  ends  of  the  gates  to  travel  upon,  by  means  of 
tramways  at  the  bottom  of  the  water,  were  apparently  thought  indispensable. 
These  tramways,  being  below  the  level  of  the  sill  of  the  lock,  necessarily  became 


more  or  less  covered  with  mud,  sand,  &c,  and  were,  as  a  matter  of  fact,  so  diffi- 
cult to  open  and  shut  with  suitable  expedition,  as  to  render  necessary  the  very 
valuable,  but  at  th  e  same  time  very  costly,  hydraulic  apparatus  now  in  use.  The 
question  is,  can  gates  be  so  constructed  as  to  carry  themselves  without  rollers, 
and  so  as  to  save  a  large  portion  of  their  first  cost,  and  the  whole  of  the  heavy 
first  cost  and  annual  expense  of  hydraulic  power  F  After  mentioning  a  number  of 
inconveniences  incident  to  the  present  system  of  dock  gates,  he  went  on  to  say 
— To  prevent  all  these  inconveniences,  why  not  treat  the  dock  gate  like  an  or- 
dinary field  gate  ?  make  all  its  parts  strong  in  proportion  to  its  weight,  which, 
in  the  present  case,  is  about  45  tons ;  make  it  carry  itself,  and  so  dispense  with 
rollers  and  tramways.  He  then  proceeded  to  describe,  first,  the  girders  and  its 
fastenings,  which  are  to  carry  our  dock  gate  as  a  gate  post  carries  its  field  gate, 
and  then  the  suspended  gate  from  the  girder.     He  then  remarked  that  this  is 


clearly  an  advantage  over  gates  of  the  usual  system,  where  the  pivot  is  at  the 
bottom  aud  inaccessible  on  account  of  the  weight  of  the  gate,  and  also  on 
account  of  the  mud  and  the  water  ;  the  bottom  of  the  heelpost  fits  into  a  strong 
cast-iron  shoe.  He  then  referred  to  the  construction  of  the  gate,  so  as  to 
secure  sufficient  rapidity  and  enable  the  gate  to  carry  itself  without  the  use  of 
rollers,  and  having  described  the  minor  details  of  the  gate,  went  on  to  show 
the  immobility  of  the  tenons  and  mortices.  He  stated  that  four  lockmen  could 
work  two  pairs  of  these  gates  at  a  cost  for  wages  of  only  about  £200  per  annum, 
and  the,  heavy  cost  of  hydraulic  power  is  got  rid  of  altogether. 

We  may  add  that  the  dock  gates  referred  to  in  this  paper  have  been  described 
at  length  in  a  pamphlet  published  by  Mr.  Weale,  of  High  Holbom.     This 


pamphlet  explains  the  manner  in  which  the  gates  are  formed  so  as  to  carry  them- 
selves and  dispense  with  rollers  and  tramways;  it  also  describes  the  mud  re- 
cesses into  which  the  gates  sweep  a  portion  of  mud  every  time  they  are  opened, 
both  which  contrivances  the  author  contends  assist  materially  in  diminishing 
friction.  But  it  is  thought  the  greatest  advantage  is  gained  by  haying  the  pivot 
six  feet  above  water,  so  that  grease  can  be  applied  at  pleasure,  instead  of,  as 
under  the  present  system,  having  the  pivots  constantly  immersed  in  mud  and  sand 
and  salt  water,  and  totally  inaccessible.  By  these  means  it  is  sought  to  diminish 
the  friction  to  a  minimum,  instead  of  leaving  it  large  as  it  now  is,  and  then 
conquering  it  by  sheer  force  and  at  great  expense.  It  is  also  proposed  to  make 
the  gates  of  wood  instead  of  iron,  the  former  costing  less  than  half  as  much  as 
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the  latter,  and  there  being  no  material  difference  in  the  respective  durability  of 
the  two  substances,  for  while  wood  decays  iron  corrodes.  The  paper  read  by 
Mr.  Peacock  at  the  Newcastle  meeting  had  for  one  of  its  principal  objects  to 
prove  that  the  proposed  wooden  gates  were  so  very  rigid  in  their  construction, 
that  no  movement  of  the  tenons  in  the  mortices  could  possibly  take  place.  "We 
have  reason  to  believe  that  the  author  of  the  paper,  being  particularly  desirous 
not  to  represent  his  proposed  improvements  in  a  more  favourable  light  than 
subsequent  investigation  would  justify — estimated  at  the  moment  that  it  would 
take  four  men  five  minutes  to  open  or  shut  a  pair  of  the  gates.  A  calculation 
has,  however,  since  been  made,  which  is  subjoined,  from  which  it  appears  that 
four  meu  to  each  gate  can  open  them  in  less  than  one  minute ;  and  in  that  case 
they  will  be  far  cheaper  and  not  less  efficient  than  the  present  system. 

The  following  is  a  calculation  of  the  power  required  to  open  one  of  the  im- 
proved dock-gates,  for  a  lock  70ft.  wide  and  27ft.  depth  of  water  over  sill,  each 
gate  weighing  45  tons,  4  men  to  each  gate.  Pivot,  brass  upon  cast  iron,  and 
lubricated  with  grease ;  cost  of  a  pair  of  gates,  £2200 : — 

The  area  of  the  pivot,  placed  6ft.  above  water,  is  38877  superficial  inches; 
by  which  the  weight  of  the  gate,  being  divided,  gives  a  pressure  on  the  pivot  of 
2'32  cwt.  per  square  inch.  And  Mr.  George  Rennie*  found  this  gave  a  friction 
of  "214,  which  amounts  to  9'63  tons  on  the  45  tons.     The  centre  of  the  pivot  is 


*  See  Mr.  Kennie's  Table  on  Friction,  frequently  reprinted  in 
Pocket  Book,"  now  sold  by  Messrs.  Loekwood  and  Co. 
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4  men 


37ft.  in  a  direct  line  from  one  end  of  the  gate,  and  one  foot  from  the  other  end, 

giving  a  leverage  of  37  to  1.    And    9-—  =  "26027  ton,  or  5801b.,  the  power  to  be 

oi 

overcome  after  allowing  for   the  leverage  of  the   gate. 

145f  lb.  per  man,  which  is  a  light  load  for  a  man  to  draw ;  and  so  the  gate  can 
be  opened  or  shut  without  any  machinery.  As  a  matter  of  prudence,  however, 
in  case  of  emergency,  the  £2200  includes  the  cost  of  a  pair  of  winches.  With 
regard  to  time,  supposing  the  men  to  travel  at  the  rate  of  only  one  mile  per  hour, 
they  will  traverse  the  length  of  the  arc  described  by  the  end  of  the  gate,  namely, 
52ft.  4in.  in  36  seconds,  to  which  add  (by  estimation)  5  seconds  for  the  impedi- 
ment caused  by  the  mud  from  time  to  time  deposited.  We  have  thus  a  total  of 
41  seconds  for  opening  or  shutting  each  gate  by  the  simple  strength  of  4  men. 

It  appears  that  when  once  the  heavy  expense  of  the  hydraulic  and  its  steam 
engine  has  been  incurred,  a  seven  horse  engine,  occupying  a  very  small  space,  may 
be  established  for  £60.  But  there  must  be,  no  doubt,  several  men  besides  to 
perform  the  business  of  the  lock  and  attend  to  the  engine.  In  course  of  time, 
both  the  hydraulic  and  the  iron  gates,  as  also  the  wooden  gates,  must  be  re- 
newed. The  former  at  a  very  heavy,  and  the  wooden  gates  at  a  comparatively 
trifling  cost.    This  subject  is  certainly  one  well  deserving  of  attention. 

We  may  add  that  a  model  of  these  gates  was  exhibited  in  the  late  International 
Exhibition. 


WALKER'S    EQUILIBRIUM    SLIDE    VALVE. 

A  want  lias  long  been  felt  for  some  simple  means  of  reducing  the  friction 
consequent  on  the  working  of  slide  valves  of  steam  engines.  Several  plans 
have  been  tried  for  accomplishing  this  desirable  object.  The  accompany- 
ing diagrams  illustrate  a  method  recently  invented  by  Mr.  K.  U.  Walker, 
of  Haigh  Foundry,  Wigan.  It  appears  to  us  to  giro  promise  of  being  at 
least  as  effective  as  any  of  the  plans  previously  made  use  of,  while  there 
are  peculiar  advantages  attending  its  employment  not  aimed  at  hitherto. 

Figs.  1  and  1  m  <•  i-,  i-  .,i  a  i-ylimler  and  steam  chest  with  a  short 
slidu  valve,  having  Mr.  Walker's  apparatus   attached.     A   is  part   of  the 


fto,  2. 


cylinder]  B,  the  steam  che«1  \  (\  the  illde  valve)  i>.  a  a  Unli  ; 

E,  a  screw  with  nuts  lor  altering  the  position  oi  the  link  ;  I',  a  flat  bar  of 
spring  steel;  and  X,  a  thin  flexible  plate  f  metal. 
When  the  Bteam  Bill  the  cheat  B,  it  Marti  a  prfMtura  In  all  direction  , 


on  the  back  of  the  slide  valve  as  well  as  against  the  inside  of  the  plate,  X . 
The  force  against  the  plate  is  concentrated  in  the  coupling  rod,  1),  and  by 
it  buoys  up  the  valve.  When  the  diameter  of  the  disc  bears  a  certain 
proportion  to  the  back  of  the  valve  the  effective  pressure  through  the  rod, 
I),  so  nearly  balances  the  opposite  force  that  the  valve  can  be  moved  over 
the  ports  with  the  outlay  of  a  very  small  amount  of  power. 

The  flexible  plate  has  a  slight  undulating  motion  communicated  to  it  as 
the  rod,  I>,  is  more  or  less  inclined  to  the  valve  force.  The  extent  of  the 
motion  is  not  allowed  to  exceed  one-eighth  of  an  inch,  by  making  the  rod, 
I),  of  suitable  length  ;  and  as  the  disc  is  slightly  extended  with  the  hammer 
in  the  central  portion  before  being  attached  to  the  valve,  the  lifting 
power  of  the  disc  is  uniform  over  every  part  of  the  stroke  of  the  valve. 

The  undulations  of  the  plate  have  no  injurious  effect  whatever  upon  it; 
one  reason  for  this  is,  that  it  is  evenly  heated  by  the  steam  while  at  work, 
In..  I.  In;.  3. 


and  Is  therefore  capable  of  bearing  greater  transverse  and  tensile  strain 
than  al  the  ordinary  temperature,     when  room  caunol  be  spared  for  the 

b  of  the  enlarged  pipe,  the  <\W  is  mmi-at.  d  mi  as  to  give  i> 
elasticity,  and  the  rod  inortened  i ordingly, 

Figt.  8  and   J   BOOT    a   method    fOI  disposing  Of  the   undulations  o!  the 
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disc,  and  also  reducing  the  length  of  the  projecting  pipe.  H  is  a  loose 
plate,  which,  with  the  valve,  is  turned  in  the  lathe  to  the  radius  of  the 
link  D.  The  plate  H  is  bolted  to  the  ordinary  valve  face.  The  valve  is 
moved  with  levers,  which  have  the  same  centre  of  motion.  By  this  means 
the  disc  has  no  movement,  and  there  is  only  one  joint  pin  liable  to  wear, 
as  the  one  next  the  cylinder  preserves  the  same  relative  position  to  the  valve 
at  all  points.  Figs.  5  and  6  show  a  method  of  applying  the  disc  to  a 
balance  plate  G,  between  which  and  the  port  face  the  valve  slides.     The 


Fig.  6. 


Fig.  i 


rft 

ifil     ' '  F   ■'•  rft, 

I 

M      I 

fe& 

^/W'A .  v.    &A 

valve  is  open  thoughout,  so  that  if  the  plate  G  were  removed  the  steam 
would  escape  to  waste  down  the  exhaust  pipe.  This  plan  also  dispenses 
with  the  motion  of  the  disc,  and  further  takes  no  more  room  than  the 
ordinary  arrangement.     Figs.  7  and  8  show  a  varied  application  of  the 


Fig.  8. 


Fig.  7. 


A 

disc,  having  the  valve  worked  with  a  spindle  in  the  usual  way.  The 
peculiar  advantage  which  this  method  possesses  is  that  the  amount 
of  pressure  on  the  valve  can  be  increased  or  diminished  at  plea- 
sure, while  the  engine  is  at  work,  either  by  means  of  the  screw 
E,  or  the  external  spring ;  or  permanently,  by  altering  the  diameter 
of  the  centre  bearing  washer.  There  are  several  other  advantages. 
It  is  no  more  liable  to  leakage  than  the  ordinary  valve,  for  there  is  only 
one  working  face  in  most  instances,  while  the  equilibrium  constructions, 
with  packed  rings,  hollow  pistons,  &c,  applied  to  the  back  of  the  valve, 
having  two  or  more  working  faces,  are  difficult  to  maintain  in  an  efficient 
state.  When  compared  with  the  balance-piston,  the  favourite  method  of 
Bourne,  and  other  engineers,  it  is  found  much  less  expensive  in  first  cost, 
and  the  valve  can  be  accurately  balanced,  for  there  is  no  friction  to  over- 
come, which  demands  an  excess  of  force  on  the  back  of  the  valve,  to 
prevent  the  piston  from  raising  it  from  its  face,  and  there  is  no  leakage 
of  steam,  as  is  often  observed  passing  through  the  ordinary  balance-piston. 

Water,  finding  its  way  into  the  cylinder  by  priming  or  from  the  con- 
densers— that  very  fruitful  source  of  accidents — can  most  readily  escape 
on  the  least  excess  of  internal  pressure  in  the  cylinders,  as  the  eyes  of  the 
coupling-rods  are  oval  to  allow  the  valve  to  rise.  It  is  well  known  that 
piston-valves,  those  of  the  Cornish  construction  and  the  American  double 
beat  valve,  all  require  escape-valves  of  large  size  to  allow  water  to  leave 
the  cylinder  as  the  piston  approaches  the  end  of  the  stroke ;  here  they  are 
not  necessary. 

We  understand  that  this  novel  method  is  giving  uniformly  satisfactory 
results,  and  is  coming  into  general  use  in  Lancashire,  where  it  was  first 
applied. 


Great  Western  Bailway  of  Canada. — In  consequence  of  the  high 
price  paid  for  re-rolling  rails  in  Canada  (being  £5  8s.  lid.  per  ton  as  com- 
pared with  £3  Is.  8d.  in  England),  a  rolling  mill  is  now  in  course  of  erec- 
tion at  the  Hamilton  Station,  of  sufficient  power  to  meet  the  requirements 
of  the  permanent  way  of  the  line,  which,  with  branches  and  sidings,  now 
consist  of  407a-  miles  of  single  track.  The  Company's  engineer  estimates 
the  entire  cost  of  the  mill  when  ready  for  re-rolling  at  £17,000  ster- 
ling. It  is  expected  that  the  whole  will  be  completed  by  March  or  April 
next. 


GOODS   LOCOMOTIVE   "  STEIERDOEF." 

Constructed  at  the  AVorks  of  the  I.  E.  Austrian  State  Railway 
Company,  Vienna. 

(Continued  from  'page  100.) 

In  The  Artizan  of  March  and  May  we  gave  copper  plate  engravings 
and  woodcut  illustrations,  and  a  fully  detailed  general  description  of  this 
locomotive.  We  will  now  proceed  to  describe  more  at  length  the  coupling 
arrangement  between  the  locomotive  and  tender,  and  the  principles  upon 
which  it  is  based. 

Beferring  to  Fig.  14,  the  motive  power  acting  upon  the  various  axles 
may  be  resolved  into  a  series  of  forces.     If  we  call — 

a  the  angle  formed  by  a  horizontal  line  and  the  cranks ; 

j3  the  angle  formed  by  a  horizontal  line  and  the  rods  of  m; 

y  the  angle  formed  by  a  horizontal  line  and  the  rods  of  n ; 

P  the  force  derived  from  the  pressure  of  the  piston  acting  on  the  crank 
axle  a; 

P  =  P,  the  force  acting  in  the  opposite  direction,  transmitted  from  the 
frame  upon  the  axle  on. 

Fig.  14. 


The  force  P  may  be  resolved  into  two  forces,  viz.,  Q,  acting  in  th 
direction  of  the  coupling  rod  a  o ;  and  t,  in  the  direction  of  the  crank  a  m. 

The  force  Q  may  be  resolved  again  into  q,  acting  along  the  guide  rod 
m  o ;  and  p',  acting  horizontally  in  the  direction  mf. 

We  shall  find  then — 


Q  = 


P  sin  a 
sin  (a  +  j8) 


,2  =  Q,y=i>. 


These  three  forces  will  thus  stand  for  P.     The  force  Q  may  likewise  be 
resolved  into  three  forces,  viz. : — 

R  working  in  the  direction  of  the  draw  bar  i  c  of  the  tender, 
r  working  in  the  direction  of  the  support  o  n, 
<7i  working  in  the  direction  of  the  guide  bar  o  m, 
when  we  shall  have — 


■o  _  Q  sin  (a  +  ft)  _      P  sin  a 

sin  (7  —  a)  siu  (7  —  a) 


r  =  B,  31  =  Q. 


The  three  forces,  B,  r,  and  q\,  will  then  replace  Q. 
also  be  resolved  into  three  forces,  viz. : — 


The  force  R  may 


S,  acting  in  the  direction  of  the  horizontal  coupling  rod,  c  G ; 
s,  acting  horizontally  in  the  centre  line  of  shafts,  n  h  ;  and 
r'  acting  along  the  support  n  0. 
We  have  then — 

S  =  BBJnfr-s)  =  P,  •  =  S,  •  =  B, 

sin  a 

The  forces  which  worked  originally  on  the  engine  shaft  were  P  and  p  ; 
those  transmitted  upon  the  tender  are  S  and  s,  having  the  same  direction 
and  being  equal  to  P  and  p  j  also  the  forces  p  and  p',  q  and  q',  r  and  r', 
acting  in  the  direction  of  the  lines  joining  the  centres  of  the  axles,  balance 
each  other. 

It  will  be  evident,  therefore,  that — 

1st,  The  draw  bars  transmit  entirely  upon  the  tender  axle  the  force 
acting  on  the  engine  axle. 

2ndly,  They  have  no  tendency  to  cause  the  axles  to  deviate. 

3rdly,  They  do  not  change  the  load  on  the  axles. 

It  may  here  be  observed  that  the  friction  bolt  (Q,  Figs.  8  and  9,  p.  99, 
Artizan,  May  number)  would  not  be  required,  were  it  not  for  the  purpose 
of  transmitting  a  portion  of  the  resistance   upon  the  engine  frame. 

When  traversing  very  sharp   curves,  the  position  of  the  engine   and 
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tender  axles  will  be  such  as  shown  in  Figs.  15  and  16  (the  first  being  a 
plan,  the  other  an  elevation  of  part  of  engine  and  tender),  and  the  longi- 
tudinal axis  of  both  frames  will  form  an  angle  <p.  In  Figs.  15  and  16,  A 
is  the  axle  of  the  tender  frame,  B  that  of  the  engine  frame,  and  C  the 
false  axle.     For  the  following  calculations  we  call — 

A  the  distance  of  the  pivot  o  from  the  tender  shaft  A. 

A'  the  distance  of  same  from  the  driving  shaft  B. 

D  the  distance  between  the  wheels  of  tender  frame. 

D'  the  distance  between  the  extreme  of  engine  frame. 

(p  the  angle  at  which  the  two  frames  are  placed  relatively  to  each  other. 

E  the  distance  of  pivot  from  the  longitudinal  axis  of  engine  frame,  or 
from  the  centre,  m,  of  the  bearing  of  the  false  axle. 


F  the  length  of  the  bar  k  h  {s,  Fig.  1,  Plate  233). 

K  the  length  of  the  oblique  draw  bar  i  c' '. 

L  the  length  of  the  vertical  draw  bar  a  c. 

M  the  distance  of  crank  pin  of  the  oblique  draw  bar  i  c'  from  the  longi- 
tudinal axis  of  the  engine  frame. 

X  the  distance  of  crank  pin  of  the  false  axle  crank  from  tha  longitudinal 
axis  of  tender  frame. 

2  I  the  length  of  stroke  =  twice  radius  of  crank. 

R  the  radius  of  railway  curve. 

v  the  increase  in  width  of  gauge. 

to  the  lateral  space  allowed  between  the  tyres  and  rails  on  the  straight 
line. 


Fig.  15. 


When  the  train  enters  into  a  curve,  the  tender  axle,  A,  will  describe  the 
angle  <P  along  with  the  longitudinal  centre  line  of  the  tender,  so  that  the 
point  e  will  come  into  the  position  e'.  The  false  axle,  however,  will  remain 
parallel  to  the  engine  shaft  B,  on  account  of  the  connection  through  the 
bar  h  k ;  but  at  the  same  time  it  will  describe  the  anple  <P  round  the  centre 
S,  sliding,  thus,  from  the  engine  shaft  at  a  length  =  ef.  By  this  motion, 
the  guide  and  draw  bars  connecting  the  engine  shaft  with  the  false  axle 

gfe  16. 


I  same  time  in  the  direction  of  the  axis  of  the  engine  frame  ;  i.e.,  if  the  false 
|  axle  would  be  displaced  laterally  parallel  to  the  engine  shaft,  without 
I  coming  nearer  the  engine  shaft,  the  draw  bars  of  the  engine  frame  would 

be  too  short.     The  distance  between  the  engine  shaft  and  false  axle  has, 
i  therefore,  to  increase  or  decrease  just  equal  to  the  increase  or  decrease  of 

the  effective  length  of  the  draw  bars. 

From  Fig.  15  will  be  seen  that  the  lateral  displacement  of  tho  false  axle, 

parallel  to  the  engine  shaft — 

«'/=  ^  8m  $ (1) 

Tin-  Uorrease  of  the  length  of  the  draw  bar  *  h  to  le  h'  will  approxi- 
mately represent  tin-  shortening  of  the  distance  between  engine  shaft 
and  false  axle  nt  the  displacement  of  the  latter.  As  k  h  =  F  we  have 
(Fig.  15)- 

*  h!  m  ■/  k  h-  -  h  h'  *  h  h'  =  e'f 


will  also  !»,•  displaced  Lit. Tally  parallel  to  tl Rgine  shaft,  to  ■  length 

o'  f.  This  displacement  farorr en  t  diminution  of  the  distance  of  the 
false  axle  from  the  engine  theft,  on  aooouri  of  the  obliquity  of  tha  guide 
and  draw  bars,  while  the  effective  length  of  the  latter  is  redaoed  M  the 


,'.hh'  m  •/  V-  —  (A  Nin  <p)-\ 
I  h  —  h  Ji'        ]•'  —   •/  K-'  —  AJ  sin  '<p    . 


« 


(  \il  these  formula  relate  to  the  actual  lengths,  not  to  the  dimensions  of 
the  parts  ;><  shown  in  the  diagrams.) 

The    shortening   Of  tl bltqne  drUW  bar  may   now  bo  obtained  from 

I 'ig,  10,     This  shortening  will  !»'       be'  —  be"  (Fig.  15): — 


/.  .■"         \'  I,  •■'  ■  —  r'  <•"  '-' 
b  c'  -  K,  e'e"  f  tlf  =  A  •-in  <\> 


—  U  <•"    -  K  —  \'  K-'  —  AJ  nill  -'p 


(8) 


The  difference,  a.  between  the  equations  (-)  and  ('■'•)  will,  therefore, 
■   the  difference  between  the  shortening  of  the  distance  between  the 
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false  axle  and  engine  shaft,  on  the  one  hand,  and  the  shortening  of  the 
oblique  draw  bars  on  the  other  hand ;  i.e. : — 


5  =  F  -  K  -  V  F2  -  A2  sin  2<J>  +  a/  K2  -  A2  sin  2<f>      .    (4) 

To  find  the  conditions  under  which  the  vertical  draw  bars  work,  it  must 
be  remembered  that  the  false  axle  is  not  displaced  parallel  to  the  tender 
axle,  but  that  it  describes  an  angle,  <t>,  against  the  latter.  If,  therefore, 
we  draw  (Fig.  16)  a  vertical  line,  mg',  intersected  by  the  horizontal  line, 
gg',  we  shall  have  a  triangle  the  hypothenuse  of  which  =  L,  while — 

gg'  =  2  E  sin  J  <p ;  or,  as  <p  is  very  small, 

gg1  =  E  sin  <p,  and 


mg'  =  VIS2—  E2  sin  2<£ (5) 

This  will  be  the  distance  of  the  centres  of  the  tender  and  false  axles,  as 
measured  in  the  projection,  e' ;  the  distance,  m  g  (Fig.  15),  will  be  =  L. 

To  find  the  distance  of  the  crank  centres,  t  and  r' ',  from  each  other,  we 
may  perform  the  same  operation  of  constructing  a  triangle  the  hypothe- 
nuse of  which  will  be  r  r'  =  I/.  As  the  vertical  side  of  this  triangle 
will  be  =  mg'  (Fig.  16),  we  have — 


1/  =  a/  L2  +  (N2  -  E2)  sin  *<t> 


(6) 


and,  consequently,  the  difference  between  the  distances  of  the  points,  r  r', 
and  the  length  of  the  vertical  rod  will  be — 


1/  -  L  =  V  L2  +  (N"  -  E2)  sin  -'</>-  L 


(7) 


The  cranks  of  the  false  axles  of  the  tender  shaft  move  in  two  circles, 
the  plans  of  which  form  an  angle  </>  j  the  distances  of  the  crank  pins  will 
therefore  vary  while  the  cranks  revolve.  At  a  certain  moment  both 
cranks  will  form  the  same  angle  a  with  a  horizontal  plan,  and  both  their 
horizontal  projections  will  then  be  =  I  cos  a ;  the  vertical  distances  of  the 
crank  pins  from  the  horizontal  diameters  will  also  be  equal  and  parallel • 
and  if,  therefore,  the  centres  of  the  crank  pins  are  joined,  and  likewise 
their  projections,  two  more  parallel  lines  of  an  equal  length  will  be 
obtained.  It  suffices,  therefore,  to  determine  this  length,  in  order  to  find 
the  lengths  of  the  vertical  draw  bars  for  an  angle  a. 

(To  be  continued.) 


ON  THE  EXPANSIVE  ENERGY  OF  HEATED  WATER. 
Bx  W.  J.  Macqtjokn  Rankine.* 

As  the  question  of  the  quantity  of  mechanical  energy  which  a  given  weight 
of  water,  heated  to  a  given  temperature,  is  capable  of  exerting  in  the  act 
of  partially  evaporating  without  receiving  heat,  until  it  falls  to  a  given 
lower  temperature,  has  been  raised  in  connection  with  recent  researches  as 
to  the  bursting  of  steam-boilers,  I  may  point  out  that  the  complete  solu- 
tion of  that  question,  for  any  given  liquid,  together  with  a  numerical 
example  in  the  case  of  water,  is  given  under  the  head  of  Proposition 
XVIL,  of  a  paper  on  Thermodynamics,  which  was  communicated  by  me  to 
the  Royal  Society  in  December,  1853,  read  in  January,  1854,  and  published 
in  the  "  Philosophical  Transactions"  for  1854. 

That  solution  is  expressed  by  the  following  formula  (page  161,  equa- 
tion, 65) : — 

Energy  exerted  by  each  Pound  of  Fluid, 

(l  +  hyp.  log.  A)]  (1) 


KJY 


Ml 


in  which  K  denotes  the  dynamical  value  of  the  specific  heat  of  the  liquid, 
being  the  product  of  its  specific  heat  expressed  in  the  ordinary  way  by 
"  Joule's  equivalent ;"  ti  and  U,  the  initial  and  final  absolute  temperatures ; 
the  absolute  zero  being  274°  Centig.,  or  493-2°  Fahr.  below  the  melting- 
point  of  ice.f 

Another  equation  (Equation  63  of  the  paper)  gives  the  following  value  for 
the  excess  of  the  final  volume  to  which  the  mixed  liquid  and  vapour  ex- 
pand, above  the  original  volume  of  the  liquid : — 


K  hyp.  log.  ii 

h 

dpz 
dU 


(2) 


dp 


in  which   -^-  denotes  the  rate  at  which  the  pressure,   in  lbs.  on  the 
square  foot,  varies  with  temperature,  at  the  final  temperature. 


*  Read  to  the  Institution  of  Engineers  in  Scotland. 

t  In  the  original  paper  the  absolute  zero  of  heat  was  assumed  to  be  272^  Centig. 
below  the  melting-point,  of  ice.  The  value  now  adopted,  274°  C,  is  deduced  from  later 
experimental  data. 


When  applied  to  the  water  in  a  steam  boiler,  these  equations  take  the 
following  form  : — 

The  value  of  K  for  liquid  water  is  772  foot-pounds  per  degree  of  Fahren- 
heit in  a  pound  of  water,  or 

1389-6  foot-pounds  per  Centigrade  degree  in  a  pound  of  water,  or 

423*55  kilogrammetres  per  Centigrade  degree  in  a  kilogramme  of  water. 

The  final  absolute  temperature  is  212°  Fahr.  +  461-2°  =  673*2°  Fahr. 

The   corresponding  value  of  -jj-  for  Fahrenheit's  scale    and  British 

measures  is  42,  and  772  •¥■  42  =  18-38. 

Let  T  denote  the  initial  temperature,  as  Fahrenheit's  ordinary  scale  :  so 
that  t.2  -  T  +  461-2°. 

Then— 

Energy,  in  Foot-pounds,  exerted  by  each  Pound  of  Water. 

=  772  (  T  -  212°  -  673°  2  hyp.  log.  [ 5L+  461'2°  )  \  (3\ 

I  "      °  \       673-2°      /)      ••'  w 

Trial   Volume  of  Expansion  of  mixed  Water  and  Steam,  in  Cubic  Feet 
per  Pound, 


-^«(^?) 


w 


It  is  worthy  of  remark,  that  the  energy  developed  depends  solely  on  the 
specific  heat  of  the  substance  in  the  liquid  state,  and  the  initial  and  final 
temperatures,  and  not  on  any  other  physical  property  of  the  substance. 

The  following  table  gives  some  results  of  the  formula : — 

The  first  column  contains  the  temperature  in  the  ordinary  scale  of 
Fahrenheit,  with  intervals  of  36°  Fahr.  =  20°  Cent. 

The  second  column  contains  the  expansive  energy  of  one  pound  of  water, 
in  foot-pounds. 

The  third  column  contains  the  velocity,  in  feet,  per  second,  which  that 
energy  would  impress  on  a  projectile  of  the  weight  of  the  water  itself - 
that  is,  one  pound. 

The  fourth  column,  the  final  volume  of  expansion  of  the  water  and! 
steam,  in  cubic  feet  per  pound. 

For  convenience,  a  fifth  column  is  added,  containing  the  initial,  abso- 
lute, or  total  pressures  in  pounds  on  the  square  inch. 

The  last  line  of  the  table  has  reference  to  the  case  in  which  the  water 
would  be  totally  evaporated ; — 

Tabxe  1. 


Initial  Tem- 
perature. 

Energy. 

Velocity. 

Final  Expan- 
sion. 

Initial  Abso- 
lute Pressure. 

Fahr. 
212° 

ft.-lbs. 
0 

ft.  per  sec. 
0 

cubic  ft. 
0 

lb.  to  sq.  in. 
14-70 

248 

726 

214 

0-95 

28-83 

284 

2r779 

423 

1-87 

52-52 

320 

6,052 

624 

2-73 

89-86 

356 

10,422 

819 

3-56 

145-8 

392 

15,826 

1,010 

4-36 

225-9 

428 

22,156 

1,194 

5-11 

336-3 

about 

about 

about 

2360 

912,500 

7,666 

26-36 

unknown 

In  the  absence  of  logarithmic  tables,  the  following  approximate  formula? 
may  be  used  for  temperatures  not  exceeding  428°  : — 


Energy,  nearly 


Expansion,  nearly  = 


_772jT-212°)2^ 
T  +  1134-4° 

j^-76JT--212°)^ 
T  +  1134-45 


(5) 


(6) 


In  explanation  of  the  formulae  and  tables,  it  may  be  added  that  the 
mechanical  energy  in  column  two  is  the  equivalent  of  the  heat  which  dis- 
appears during  the  process,  being  the  difference  between  the  whole  heat 
expended  and  the  latent  heat  of  that  portion  of  the  water  which,  at  the 
end  of  the  process,  is  in  the  condition  of  steam  at  atmospheric  pressure. 

For  the  information  of  those  who  consider  that  the  liquid  portion  of 
the  water,  owing  to  its  small  compressibility,  acts  like  a  volley  of  hard 
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projectiles,  a  table  is  added,  showing,  for  each  of  the  initial  temperatures 
in  the  previous  table,  what  fraction  of  a  pound  of  water  continues  in  the 
liquid  state,  and  how  much  of  the  energy  developed  is  possessed  by  that 
Siojuid  water : — 

Table  2. 


Initial  Temperature. 

Proportion  of  the 

Water  which  remains 

Liquid. 

Energy  Preserved  bj 
that  Liquid  Water. 

Fahrenheit. 
212° 

248 

284 

320 

356 

392 

428 

lb. 
1-000 

0-964 

0-931 

0-897 

0-865 

0-835 

0-806 

ft.-lb. 
0 

700 

2,587 

5,429 

9,015 

13,215 

17,858 

about 
2,360 

0 

0 

In  the  formula?  and  tables,  it  has  not  been  considered  necessary  to  take 
into  account  the  small  increase  which  the  specific  heat  of  water  undergoes 
as  the  temperature  rises. 


SPIRIT-LEVEL    TELESCOPE. 

The  following  is  a  brief  description,  by  Admiral  Sir  E.  Belcher,  of 
a  spirit-level  telescope,  adapted  to  a  sextant  for  the  purpose  of  obtaining 
the  altitude  of  the  sun  at  sea  during  fog,  or  for  obtaining  the  elevation 
of  an  object  of  small  elevation,  which,  although  obtainable  to  minutes 
by  a  theodolite,  could  not  be  obtained  by  reflection  in  an  artificial  horizon. 

This  invention  suggested  itself  to  Admiral  Sir  E.  Belcher  when  beset 
by  fog  on  the  limits  of  the  Arctic  Sea  for  several  days,  in  the  year  1826. 
His  first  effort  was  to  attach  a  spirit-level  beyond  the  horizon  glass,  and, 
by  keeping  a  very  steady  hand,  cause  the  sun  to  touch  the  bubble  at  the 
moment  it  became  central. 

This  succeeded  well,  but  was  not  sufficiently  portable  or  convenient  for 
his  purpose  ;  and,  on  his  appointment  to  the  Arctic  command  in  1852,  he 
had  the  telescope  referred  to  attached  to  a  Broughton  sextant. 

The  spirit-level  occupies  a  position  immediately  over  the  diagonal  dia- 
phragm, as  in  the  arrangement  of  an  astronomical  telescope.  Above  the 
aperture  is  attached  a  white  reflector,  which  assists  in  throwing  the  bubble 
on  to  the  level  wire  in  the  field ;  when,  therefore,  any  object  is  brought 
down  to  touch  this  level  guage  when  it  bisects  the  reflected  bubble  of 
the  spirit-level,  we  have  the  altitude  measured  by  the  arc  of  the  instru- 
ment. 

To  those  unaccustomed  to  measurements  by  reflecting  the  object  whose 
altitude  is  demanded  in  an  artificial  or  mercurial  horizon,  it  is  necet 
to  observe  that  no  accurate  measurement  can  be  obtained  by  such  means 
where  the  object,  as  a  mountain,  does  not  exceed  10  of  altitude;  and  in 
inland  situations,  where  it  may  only  be  permitted  to  carry  a  sextant, 
this  adaptation  of  the  telescope  prevents  tin?  necessity  of  carrying  the 
artificial  horizon —  an  instrument,  however,  of  the  greatest  importance,  and, 
for  every  purpose  of  astronomical  pursuit  in  the  last  degree  (A  precision, 
absolutely  necessary. 


the  port  of  Newcastle-on-Tyne  for  the  last  three  years — in  1860,  1224  tons ;  in. 
1861,  2613  tons;  and  in  1862,  9534  tons.  The  principal  improvements  that  have 
been  made  in  the  manufacture  of  paper  in  late  years  are  in  the  details  and 
general  efficiency  of  the  machinery,  whereby  a  much  larger  quantity  of  paper  is 
made  with  the  same  apparatus  than  formerly ;  and  in  the  superior  management 
of  the  chemical  processes,  whereby  material  that  formerly  was  entirely  useless 
is  now  worked  up  into  common  shop  papers  ;  and  inferior  rags  are  cleansed  and; 
bleached  into  a  good  white  paper,  which  formerly  were  made  into  coarse  ■ 
paper.  The  only  notable  exception  to  this  is  the  introduction  of  Esparto  grass, 
the  importation  of  which  has  been  steadily  increasing,  and,  as  will  be  seen  from 
the  statistics  already  given,  amounted  to  nearly  10,000  tons  in  the  year  1862 
into  the  port  of  Newcastle  alone,  the  greater  part  of  which  was,  however,  for- 
warded by  railway  into  Scotland,  Lancashire,  and  elsewhere.  Newcastle  affords 
special  and  peculiar  facilities  for  the  importation  of  this  material  from  the  east 
coast  of  Spain,  where  it  is  principally  gathered.  Vessels  load  at  Newcastle  with 
coke  or  coals  for  Spain,  and  bring  return  cargoes  of  manganese,  pyrites,  copper 
ore,  lead  and  lead  ore,  iron  ore,  and  other  minerals  for  the  use  of  the  chemical 
and  other  manufactories  on  the  Tyne,  and,  from  the  lightness  of  the  Esparto 
grass,  one  ton  of  which  occupies  the  space  of  three  to  four  and  a-half  tons  mea- 
surement, they  are  enabled  to  carry  a  full  cargo  of  it  in  addition  to  the  minerals- 
which  serve  as  ballast,  thus  materially  economising  the  cost  of  freight,  so  much 
so  that  paper  manufacturers  near  Edinburgh  aud  in  Lancashire  find  it  cheaper 
to  import  via  Newcastle  than  by  way  of  Leith  or  Liverpool. 

Esparto,  or  Alfa,  as  it  is  called  on  the  African  coast,  is  a  coarse  grass  whicM 
grows  in  sandy  places  in  almost  all  the  countries  bordering  on  the  Mediterranean. 
This  grass  consists  mainly  of  ligeum,  spartium,  stipa,  tenacissima,  aud  other 
species  of  the  last-named  genus,  all  very  similar  in  character  and  general  ap- 
pearance. It  has  been  used  from  time  immemorial  for  making  mats,  ropes, 
&c,  aud  is  mentioned  in  Pliny's  "  Natural  History  "  as  applied  to  these  pur- 
poses. Various  attempts  have  been  made  to  manufacture  esparto  into  paper 
during  the  last  thirty  years  ;  one  patent  for  the  purpose  being  dated  as  far  back 
as  1839,  and  in  France  similar  efforts  have  been  made  for  many  years.  None  of 
these,  however,  have  been  practically  successful  on  the  large  scale,  with   the  ex- 

i  ception  of  the  process  arranged  by  Mr.  Thomas  Routledge,  of  Eynsham  Mills,. 
in  Oxfordshire,  who  has  been  making  printing  paper  from  esparto  for  the  last 
nine  years,  and  has  taken  out  three  patents  for  the  processes  employed.  He  has 
lately  taken  a  mill  at  Ford,  near  Sunderland,  for  making  printing  paper  from 
esparto  only.  Other  manufacturers  have,  however,  used  it  mainly  as  a  blend 
with  rag  material.     No  material  alteration  in  the  machinery  or  apparatus  is 

1  required  for  working  esparto,  and  very  much  less  power  is  required.  The  suc- 
cessful working  of  this  fibre  depends  mainly  on  the  careful  and  proper  adjust- 
ment of  the  quantity  and  strength  of  the  chemicals  employed.  The  quantity 
of  soda  ash  required  for  neutralising  the  gummo-resinous  matters  in  the  fibre 
so  as  to  admit  of  its  being  made  into  a  pulp,  is  very  large,  though  not  so  great 
as  is  required  for  straw  ;  and  the  fibre,  unlike  rags,  never  having  before  been 
subjected  to  bleaching  or  other  chemical  treatment,  also  requires  very  much 
more  bleach  powder  to  bring  it  to  a  colour  suitable  for  printing  paper.  The 
quantities  required  are  from  five  to  six  times  as  much  as  for  cleansing  and 
bleaching  the  coarsest  rags. 

The  importations  of  esparto  into  the  United  Kingdom  for  the  past  twelve 
months  being  about  18.000  tons,  the  use  of  this  article  may  be  estimated  to 
have  caused  an  increased  consumption  of  soda  ash  and  bleach  powder  of  at  least 
P«»i  tons  per  annum;  and  these  chemicals  being  dear  on  the  continent  of 
Europe  is  one  obstacle  to  the  use  of  esparto  there. 

Nearly  all  newspapers,  not  excepting  that  on  which  the  Times  is  printed, 
contains  a  portion  of  esparto,  and  some  of  the  penny  daily  papers  published  in 
Edinburgh  contain  only  one-fourth  rag  material.  The  large  supply  of  papcr- 
making  material  from  this  source  has  been  most  opportune.  l!;iu";  are  be- 
COming  gradually  scarcer:  coloured  rags  suitable  for  making  common  printing 
naner  were  worth  I-   to  6s,  per  cwt  in  1848,  and  now  worth  9s.  to  12.?.  per  cut., 


ON    THE    PAPEK    MANUFACTURES  01    NORTHUMBERLAND  AND 

in  i:ll  \.M. 

I!v   Mi:.   W.  II.  RlCHABPBOI. 

In  consequence  oi  the  general  disinclination  on  the  part  of  napes  mannfM< 
tureri  to  funii-.li  any  information  or  statistics  of  their  operations,  this  account 
will  necessarily  be  imperfect,    'flu-  estimates  given  have,  however,  bet  n  carefully 

considered,  and  are  as  accurate  as  possible   under    the    ajnmmstttnces i      Number 

of  firms  in  the  trade,  1-' ;  number  "i  machines  making  whks  paper,  l"  ;  brown 

do.,9;   quantity   of  white   papei    made   per   year,    I       '  brown   do.,    I"i'»> 

tons;  total  i  being  about  one-twelfth  of  tin-  entire  production  of  the 

United  Kingdom.     Total  estimated  annual    value.    t:l<  »>,<"><>.      Cour-r    material-, 

as  old  ropes,  Ac,,  used  for  brown  paper,  6200  tons;  do.  rags,  1000  tone;  Esparto 

grass.  2ilOO    tons;  bleaching   powder,    K    I  ''•■  BOO   ton-;    nnd    the 

quantity  of  cools  used  per  annum  as.    Importi  of  Esparto  gnus  to 


paper  < — 

and  this  notwithstanding  the  relief  produced  by  the  importation  of  esparto, 
This  scarcity,  the  existence  of  which  the  jurors' report  of  the  Exhibition  of 
1862  most  unaccountably  denies,  has  been  aggravated  by  the  almost  total 
the  supply  of  waste  and  tares  from  the  cotton  mills;  and  even  with 
Die  assistance  of  esparto  grass  and  cheaper  chemicals  and  fuels,  the  paper  makers 
in  this  Country  have  been  placed  in  a  most  disadvantageous  position  in  respect 
ofthi  rapply  of  material,  in  oomparisont  with  theis  continental  rivals,  by  recent 

ion,  which,  in  the   opilliou  Of  many,  will  have  a  tendency   to  cripple  the 

the  trade  in  this  country ;  the  discussion  of  this  subject  is,  however, 
;.,i  for  the  present  occasion. 
The  greater  pari  of  the  paper  manufactured  in  this  district  is  of  the  coarser 
descriptions,  and  Newcastle  Brown  end  Tyne  Casing  which,  from  a  geogra- 
phical error,  is  known  in  Manchester  as  Scotch  Paper,  has  a  reputation  through- 
out the  kingdom  for  toughness  and  general  excellence. 

'I'b.  printing  and  writing  paper*,  of  Messrs.  Annandaleand  Son  haveaae- 
kervedl)  high  reputation  in  the  London  market.    The  other  description  of  white- 
mnde  in  the  district  are  mainly  for  the  daily  newspapers,  whose  oonsump*  . 
tion  ol  common  printing  paper  bos  of  late  years  become  so  enormous  as  mate* 
lleviate  the  depn  i  squent  on  the  general  dulness  of  traiio» 

itton  famine  i  audit  i-  hoped  that,  notwithstanding  the  au- 
;i,  which  the  trade  bos  been  treated  by  the  legislature,  that,  with  the 
resumption  ol  bush  '•■■  ncashlfe,  it  may  recover  its  former  prosperity. 
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ON   MAUVE    OR   ANILINE    PURPLE. 
By.  W.  H.  Pebkin,  Esq.,  F.C.S. 

The  discovery  of  this  colouring  matter  in  1856,  and  its  introduction  as  a  com- 
mercial article,  have  originated  that  remarkable  series  of  compounds  known  as 
coal-tar  colours,  which  have  now  become  so  numerous,  and,  in  consequence  of 
their  adaptability  to  the  arts  and  manufactures,  are  of  such  great  and  increasing 
importance.  The  chemistry  of  mauve  may  appear  to  have  been  rather  neg- 
lected, its  composition  not  having  been  established,  although  it  has  formed  the 
subject  of  several  papers  by  continental  chemists.  Its  chemical  nature  also  has 
not  been  generally  understood ;  and  it  is  to  this  fact  that  many  of  the  discrep- 
ancies between  the  results  of  the  different  evperimentalists  who  have  worked  on 
this  subject  are  to  be  attributed. 

On  adding  a  solution  of  hydrate  of  potassium  to  a  boiling  solution  of  com- 
mercial crystallised  mauve,  it  immediately  changes  in  colour  from  purple  to  a 
blue  violet,  and,  on  standing,  deposits  a  crystalline  body,  which,  after  being 
washed  with  alcohol  and  then  with  water,  presents  itself  as  a  nearly  black  glis- 
tening body,  not  unlike  pulverised  specular  iron  ore, 

This  substance  is  a  base  which  I  propose  to  call  Matweine ;  it  dissolves  in 
alcohol,  forming  a  violet  solution,  which  immediately  assumes  a  purple  colour  on 
the  addition  of  acids.  It  is  insoluble,  or  nearly  so,  in  ether  and  benzine.  It  is 
also  a  very  stable  body,  and  decomposes  ammoniacal  salts  readily.  When  heated 
Strongly  it  decomposes^  yielding  a  basic  oil.    Its  analysis  has  led  to  the  formula 

CS7*  H24  N4. 

HyirocJilorate  of  Mauveine. — This  salt  is  prepared  by  the  direct  combination 
of  mauveine  with  hydrochloric  acid.  From  its  boiling  alcoholic  solution  it  is  de- 
posited in  small  prisms,  sometimes  arranged  in  tufts,  possessing  a  brilliant  green 
metallic  lustre.  It  is  moderately  soluble  in  .alcohol.  Carbon,  hydrogen,  nitrogen, 
and  chlorine  determinations  have  led  to  the  formula — 
C27H24N4HC1. 

I  have  endeavoured  to  obtain  a  second  hydrochlorate,  but  up  to  the  present  have 
not  succeeded. 

Platimnm  Salt. — Mauveine  forms  a  perfectly  definite  and  beautifully  crystal- 
line compound  with  bichloride  of  platinum,  which,  if  prepared  with  warm  solu- 
tions,separates  in  the  form  of  crystals  of  considerable  dimensions.  It  possesses 
the  green  metallic  lustre  of  the  hydrochlorate,  but  on  being  dried  assumes  a 
more  golden  colour.  It  is  very  sparingly  soluble  in  alcohol.  The  analysis  of 
this  salt  has  led  to  the  following  formula-^ 

CtfH^NfcHPtCIa. 

Gold  Salt. — This  substance  separates  as  a  crystalline  precipitate,  which,  when 
moist,  presents  a  much  less  bi'illiant  aspect  than  the  platinum  derivative ;  it  is 
also  more  soluble  in  alcohol  than  that  salt,  and  when  recrystallised  appears  to 
lose  a  small  quantity  of  gold.  Its  analysis  has  given  numbers  agreeing  with  the 
formula — 

C27  H24  N4,  H  Au  Cl4. 

Hydrobromate  of  Mauveine. — This  salt  is  prepared  in  a  similar  manner  to  the 
hydrochlorate,  which  it  very  much  resembles,  except  that  it  is  less  soluble. 
Carbon,  hydrogen,  and.  bromine  determinations  give  results  agreeing  with  the 
formula— 

C2?  H24  N4,  H  Br. 

~H.yirioi.ate  of  Mauveine. — In  preparing  this  salt  from  the  base,  it  is  necessary 
to  use  hydriodic  acid  which  is  colourless,  otherwise  the  free  iodine  will  slowly  act 
upon  the  new  produet.  It  crystallises  in  prisms,  having  a  green  metallic  lustre. 
It  is  more  insoluble  than  the  hydrobromate.  Its  analysis  has  led  to  the 
formula— 

C27  H24  N4;  HI. 

Acetate  of  Mavveine.—lhis  salt  is  best  obtained  by  dissolving  the  base  in 
boiling  alcohol  and  acetic  acid.  It  is  a  beautiful  salt,  crystallising  in  prisms 
possessing  the  green  metallic  lustre  common  to  most  of  the  salts  of  mauvine. 
Combinations  of  this  substance  gave  numbers  agreeing  with  the  formula — ■ 

C24  H24  N4,  C2  H4  02. 

Carbonate  of  Mauveine. — The  tendency  of  mauveine  to  combine  with  car- 
bonic acid  is  rather  remarkable.  If  a  quanthty  of  its  alcoholic  solution  be  thrown 
up  into  a  tube  containing  carbonic  acid  over  mercury,  the  carbonic  acid  will  be 
quickly  absorbed.  To  prepare  the  carbonate,  it  is  necessary  to  pass  carbonic  acid 
gas  through  boiling  alcohol  containing  a  quantity  of  mauveine  in  suspension  ;  it 
is  then  filtered  quickly,  and  carbonic  acid  passed  through  the  filtrate  until  cold ; 
on  standing,  the  carbonate  will  be  deposited  as  prisms  having  a  green  metallic 
lustre.  This  salt,  on  being  dried,  gradually  loses  carbonic  acid.  From  experi- 
ments that  have  been  made  with  the  salt,  it  would  appear  to  have  the  composi- 
tion of  an  acid  carbonate,  viz. — 

C27  H24  N4,  H2  C03. 

In  the  analysis  of  salts  of  mauveine  great  care  has  to  be  taken  in  drying  them 
thoroughly,  as  most  of  them  are  highly  hygroscopic. 

I  am  now  engaged  with  the  study  of  the  replaceable  hydrogen  in  mauveine, 
which  I  hope  will  throw  some  light  upon  its  constitution.  Prom  its  formula,  I 
believe  it  to  be  a  tetramine,  although  up  to  the  present  I  have  not  obtained  any 
definite  salts  with  more  than  one  equivalent  of  acid.  Mau/eine,  when  heated 
with  aniline,  produces  a  blue  colouring  matter,  which  is  now  under  investigation. 
A  salt  of  mauveine,  when  heated  alone,  also  produces  a  violet  or  blue  compound. 
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ON  THE  QUANTITATIVE  DETERMINATION  OP  PHOSPHORIC 
ACID  BY  SALTS  OP  MAGNESIA. 

By  Robeet  Waeis'GTOH',  jun.,  Assistant  in  the  Laboratory  of  the  Royal 
Agricultural  College,  Cirencester. 

Phosphoric  acid  is  continually  found  in  nature  associated  with  oxide  of  iron, 
and  also  with  alumina.  It  is  in  this  state  of  combination  that  we  meet  with  it 
in  soils,  coprolites,  and  other  phosphatic  minerals,  and  also  in  most  animal  and 
vegetable  products.  The  accurate  determination  of  phosphoric  acid  in  the  pre- 
sence of  iron  and  alumina  is,  therefore,  a  problem  of  frequent  occurrence ;  and, 
from  its  bearings  oh  agricultural  economy,  of  considerable  importance. 

A  method  of  analysis  frequentty  followed  in  such  cases  is  first  to  separate  the 
silica  by  the  ordinary  process,  next  to  precipitate  the  lime  by  oxalate  of  ammonia 
from  a  solution  feebly  acid  with  oxalic  or  acetic  acid,  then  to  concentrate  the 
filtrate,  treat  with  tartaric  acid,  and  finally  to  add  a  salt  of  magnesia  and  an 
excess  of  ammonia.  If  the  tartaric  acid  has  been  used  in  sufficient  quantity, 
the  oxide  of  iron  and  alumina  are  held  perfectly  in  solution,  while  the  whole 
of  the  phosphoric  acid  is  precipitated  as  ammonio-phosphate  of  magnesia. 

This  process  would  seem  at  first  sight  to  include  all  that  could  be  required. 
It  really,  however,  involves  a  considerable  source  of  error,  inasmuch  as  it  is 
found  that,  under  certain  circumstances,  as  mentioned  to  me  by  Dr.  Voelcker,  a 
tartrate  of  magnesia  is  precipitated  together  with  the  ammonio-phosphate. 
According  to  H.  Rose,*  indeed,  magnesia-salts,  mixed  with  tartaric  acid,  are  not 
precipitated  by  ammonia.  Experiment  shows,  however,  that  this  is  true  only 
when  the  materials  are  employed  in  certain  proportions,  and  not  universally. 
Thus  if  we  take  a  mixed  solution  of  chloride  of  magnesium  and  chloride  of 
ammonium,  render  it  strongly  ammoniacal  (the  ammoniacal  salt  being  present  in 
just  sufficient  quantity  to  prevent  the  precipitation  of  the  magnesia),  and  then 
add  a  small  portion  of  tartaric  acid,  we  obtain  in  a  short  time  a  considerable 
precipitate  of  tartrate  of  magnesia.  If,  however,  instead  of  adding  a  little 
tartaric  acid,  a  large  quantity  is  employed,  the  solution,  though  made  as  am- 
moniacal as  the  first,  .remains  perfectly  clear.  This  reaction  appears  at  first 
sight  somewhat  anomalous.  The  explanation  seems  to  lie  in  the  fact  that  the 
tartrate  of  magnesia  thus  formed  is  completely  soluble  in  salts  of  ammonia,  and 
among  others  in  tartrate  of  ammonia.  That  this  is  really  the  case  may  be 
shown  by  adding  a  larger  amount  of  chloride  of  ammonium  to  the  magnesian 
solution,  which  will  be  found  to  prevent  any  precipitate  being  formed,  quite  as 
well  as  a  larger  quantity  of  tartaric  acid. 

The  precipitate  of  tartrate  of  magnesia  closely  resembles  the  ammonio- 
phosphate  in  appearance.  It  forms  slowly,  is  white  and  crystalline,  remains 
long  in  suspension,  and  deposits  a  hard  crystalline  crust  on  the  sides  of  the 
vessel.  It  is  sparingly  soluble  in  weak  ammonia,  and  dissolves  readily  in  a 
boiling  solution  of  chloride  of  ammonium.  I  have  not  yet  had  an  opportunity 
of  determining  with  precision  the  exact  constitution  of  this  tartrate.  Approxi- 
mate determinations  of  the  magnesia  contained  in  it  seem  to  indicate  that  it 
consists  of  three  or  four  equivalents  of  base  to  one  of  acid.  The  further  analysis 
of  the  substance  may,  therefore,  possess  some  interest. 

The  amount  of  error  likely  to  arise  in  the  determinations  of  phosphoric  acid, 
from  the  formation  of  this  tartrate  of  magnesia,  will  depend,  of  course,  upon 
the  proportion  of  ammoniacal  salts  necessary  to  ensure  its  perfect  solution.  The 
results  of  various  experiments  on  this  point  showed  that,  while  this  proportion 
varied  considerably  according  to  the  state  of  dilution  and  the  amount  of  free 
ammonia  present,  yet  that  the  conditions  under  which  a  precipitate  would  be 
formed  were,  on  the  whole,  by  no  means  unlikely  to  occur  in  the  ordinary  method 
of  determining  phosphoric  acid.  These  conditions  being  (1)  the  use  of  a  consi- 
derable excess  of  magnesia-salt,  (2)  a  dilute  state  of  the  solution,  or  (3)  the 
presence  of  much  free  ammonia ;  all  of  which  might  very  likely  be  found  in 
actual  practice. 

Under  these  circumstances  it  occurred  to  me  that  as  citric  acid  was  equally 
capable,  with  tartaric  acid,  of  preventing  the  precipitation  of  oxide  of  iron  and 
alumina,  it  might  be  well  to  try  its  behaviour  with  magnesia.  Some  experiments 
were,  therefore,  undertaken  to  this  end,  and  with  complete  success.  Various 
proportions  of  the  solutions  of  chloride  of  magnesium,  citric  acid,  and  ammonia, 
were  mixed  together,  but  in  no  case  was  there  the  slightest  indication  of  any 
precipitate  being  formed.  Here  then  is  an  easy  solution  of  the  difficulty.  We 
have  but  to  substitute  nitric  acid  for  the  tartaric  acid  usually  recommended,  and 
the  source  of  error  is  at  once  removed,  and  there  is  no  longer  any  ground  for 
fear  lest  the  precipitate  of  ammonio-phosphate  of  magnesia  should  be  contami- 
nated with  another  salt.  Citric  acid  will  be  found  more  especially  useful  in 
small  operations,  as  the  conditions  favourable  to  the  precipitation  of  the  tartrate 
of  magnesia  are  then  most  frequently  present. 

It  is  scarcely  necessary  to  add  that  when  either  citric  or  tartaric  acid  is  used 
to  prevent  the  precipitation  of  oxide  of  iron,  such  a  quantity  must  be  employed 
that  the  solution  when  made  ammoniacal  shall  be  of  a  somewhat  greenish 
"  lemon  tint."  If  less  acid  has  been  added,  and  the  solution  is  yellow,  orange, 
or  of  a  reddish  colour,  the  magnesia  precipitate  will  be  perceptibly  contaminated 
with  oxide  of  iron. 

*  Gmelin,  Cavend.  Soc.  Ed.,  vol.  x.  p.  290. 
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The  October  meeting  of  this  society  took  place  on  the  night  of  the  3rd  nit... 
Mr.  Joseph  Newton,  of  the  Royal  Mint,  occupied  the  chair  ;  and  the  proceedings 
were  commenced,  as  usual,  by  the  reading  and  confirmation  of  the  minutes  of 
the  preceding  meeting.  Afterwards  the  chairman  read  a  communication  from 
M.  Achard,  C.E.,  in  reference  to  sundry  queries  which  had  been  put,  but  not  an- 
swered, when,  a  month  before,  Mr.  Gettlitfe  communicated  his  paper  on  "  Boiler 
Explosions  and  Railway  Accidents."  It  will  be  remembered  that  M.  Achard's 
apparatus,  then  described,  was  intended  for  the  maintenance  of  a  constantly 
level  feed  in  steam  boilers  ;  and  the  first  of  the  queries  ran  as  follows  : — "  If  the 
float,  refusing  to  act,  causes  the  index  to  remain  at  zero,  while  the  water  falls  in 
the  boiler,  how  can  the  alarum  bell,  in  consequence  of  the  non-interruption  of 
the  electro  current,  be  made  to  give  the  required  signal  r  "  The  answer  to  this 
objection  was,  that  in  M.  Achard's  arrangement  a  stone  float  was  immersed  in 
the  water  with  a  counterpoise  on  an  exterior  shaft.  The  articulation  consisted 
in  the  friction  of  a  steel  roller  on  a  plane  of  polished  cast-iron,  instead  of  the  old 
stuffing-bos  system,  which  was  in  many  respects  imperfect  and  liable  to  de- 
rangement. The  resistance  of  the  rolliug  friction  was  insignificant  as  compared 
with  the  gravitation  of  the  stoue  float,  and  with  that  of  the  exterior  counter- 
poise weight.  The  float  known  as  "  Bourdon's  "  also  neutralised  the  objection 
raised  ;  tor  it  was  scarcely  possible  for  it  to  refuse  to  work  freely,  and  it 
indicated  alterations  in  the  water  level  to  the  minute  ditt'erence  of  l-21th  of  an 
inch. 

In  reply  to  the  second  question  raised — "  Would  it  not  be  possible  to  cause 
the  conducting  wire  to  pass  through  the  boiler,  and  communicate  directly  with 
the  float  9"  M.  Achard  stated  that  the  plan  would  be  quite  practicable.  He 
had  earned  it  out  with  success  at  Lyons,  in  the  manufactory  of  Messrs.  Coignet. 
In  that  case,  the  conducting  wire  was  subjected  to  continual  friction,  which 
prevented  oxidation,  and  the  current  circulated  quite  as  freely  as  with  Bourdon's 
float.  The  disadvantage  of  the  arrangement,  however,  was  that  it  precluded  the 
application  of  an  indicator  on  the  face  of  the  boiler,  which  legally  was  imperative  in 
France.  Thr > Bourdon  float,  therefore,  superseded  it,  and~it  met  every  require- 
ment. 

The  third  of  the  series  of  queries  was — "  Which  would  be  the  best  and  most 
economical  means  of  keeping  the  automatic  rcgidator  in  operation  daring  the 
temporary  stoppage  of  the  machinery  and  the  absence  of  the  workmen  i  1 1 
was  replied  that,  in  order  to  secure  this  desideratum,  which  had  not  escaped  the 
earl-   i  on  of  the  inventor  of  the  regulator,  he  had  at  first  added  to  it 

a  direct  electrical  bell,  which  rang  the  alarrr.  y  means  of  the  circulation  of  the 
electrical  current,  so  that  when  the  current  no  longer  circulated  for  the  icgulator, 
it  circulated  lor  tl  cal  alarum — this  latter  Operating  notwithstand- 

ing ti  I  action  of  the  machin  ie  alarum  in 

might  I"  fixed  i . i  any  convenient  place — the  office  of  the  manager  of  the  faetorj . 

his  was  hut  an  extra  precaution,  which  it 

was  ii       I  •  l'"-'  water  in  the  boiler  neves  descended, 

duri.i  hth  or  a  quarter  of  an  inch. 

A  lift :  show  'bat,   when  an   engine  was  stop]., 

rem.,  the  in  TO  OOuld  not,  owing  to  the  iiuii- 

tban  had  been  stated. 
Mr.  T.  Mil  an  "  Entirely  new  Method 

Oris  was  ill.  .  series  of  admirably- 

finished  diagrams,  and  ■    At  a  future  period  we  may 

t  of  this  communication,  but  lark  of  space  at  pn 
compel  Mr.  Miller  proposes  to  cut 

.,li:i  rubbi  r  I  'hat   tin-   knife. 

itudinal  direction,  or  nearly  so,  with  the  sheet.     Be 

for  preparing  the  strips  for  the  ooverin 
aachincs  i!  he  latter,  the  principal 

points    of  it  ;  uidlcs 

within  tb'-  other,  and  to  '.  tl   different  Another 

nld  to 
\    third   main 

:!..■  applioa* 
tj,m  ,,  li.n  of  which  the  working  of  the  i 

,  when  the 

I  ■  bat  he  bad 

imbinationa 

tl    which    lie   had 

j1]s|  i,  .I    their   thanks — in    tl. 

.  meclianio and  draughtsman;  and 
in  the  next,  for  the  i  l  intelligible  ■  which  be  bad  put  the  whole 
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To  the  Editor  of  TrtE  Artizax. 

Sir,— -I  think  such  a  paper  as  that  of  Mr.  Qrier,  on  "Momentum  and  Fluid 
Resistance,"  ought  not  to  be  allowed  to  pass  without  remark  in  your  journal. 

I  have  made  some  hundreds  of  experiments  similar  to  those  of  Mr.  Grier, 
and  the  results  which  1  have  obtained  appear  in  every  case  to  be  totally  opposite 
to  his  peculiar  doctrines.  Let  every  one  who  takes  an  interest  in  the  subject, 
and  has  any  doubt,  repeat  them  for  himself. 

Tubes  of  different  Bizes  were  allowed  to  drop  from  different  heights,  or  to  slide 
down  nearly  perpendicular  grooves  into  small  damp  sand.  The  weight  of  the 
tubes  could  be  increased  at  pleasure,  by  placing  weights  in  the  inside.  Their 
ends  were  conical,  rounded,  flat,  or  concave.  The  height  of  fall  was  measured 
from  the  surface  of  the  sand  to  the  bottom  of  the  hole.  To  ensure  similar  con- 
ditions as  nearly  as  possible,  the  sand  was  stirred  up  after  each  experiment,  aud 
a  2k>z.  weight  placed  gently  on  it.  From  ten  to  twenty  experiments  were  tried 
in  the  same  way.  and  the  average  taken. 

1.  It  was  found  that  the  depth  penetrated  into  saud,  weight  being  the  same, 
was  nearly  proportional  to  the  velocity,  as  measured  by  the  square  root  of  the 
height  fallen. 

2"  It  was  found  that  the  penetration,  other  things  being  equal,  was  nearly 
proportional  to  the  square  root  of  the  weight  :  for  instance — 

oz.  oz.  oz.  oz. 

Weight 1        ...     2        ...    3        ...     1 

Penetration 210     ...     276^  ...     370     ...      129 

Ratio  of  square  roots  of  weight  ...     210     ...     290     ...     360     ...     120 

Now,  it  will  scarcely  be  doubted  that,  all  other  things  being  the  same,  the 
momentum  of  a  falling  body  is  proportional  to  its  weight.  It  follows  that  the 
penetration  is  proportional  to  square  root  of  momentum.  But  we  have  seen 
above,  and  Mr.  Gricr  himself  states,  that  penetratiou  is  proportional  to  velocity. 
Therefore,  velocity  is  proportional  to  square  root  of  momentum,  and  momentum 
1  ire  of  velocity. 
:;.  It -was  found  that  a  weight  2  falling  a  depth  1  penetrated  almost  exactly 
the  same  depth  as  a  weight  1  tailing  a  depth  2  :  weight  3  depth  1  =  weight  1 
depth  !  depth  1  =  weight  1  depth  1,   nearly.     On  the  other  hand,  a 

weigh!  =  2  with  velocity  =  1  penetrated  a  much  shorter  distance  than  a  weight 
=  1  with  velocity  =  2.     Thus — 

Weights loz.    ...     2oz.    ...     2oz. 

Heights  16ft.  ...     8ft.     ...     In. 

Penetration  in  sixteenths  of  an  inch 59      ...    01      ...     H 

•  experiments  each  : — 

Weights Lob.    ... 

Heights Hin.  ...     Tin . 

Snm  of  penetrations     1S1     ...     182 

Ten  experiments  each  : — 

ata loz.  ... 

its 8in.  ... 

Penetration   66j  ...    69 

It  will  1 bservedthat  the  penetration  in  is  rather  less  for  the 

higher  elevations.    Tin-  1  ily  accounted  for.    In  the  16ft.  experiment 

the  weight  of  the  tube  «  tjon,0'6iu.  [ftheresis- 

ii  ight  fallen  be  measured,  they 

ought  to  be  in  ei  un  the  very  bottom  of  the  cavity  made  by  tin 

tration  of  the  weight,  the  forci  1  x ponded  being  actually  proportional  to  the  an- 
ight fallen,  1  ear  that  the  number  69  in  that  experiment  should 
berai                    QO'4.     Uj    the     one  rule,  iu  the  next   series,  18]   would  be 

■  mid  probablj   be  ahonl     i  at  in 
inches  uncertain. 

e  facts,  1  third    ar    in  u   ordanoe  with  the  law  which  Mr.  Griei   hii 
affirms,  bul  which  1  tooontradiot — that  the  momentum  is 

tional  to  thi  lured  bj    the  <Lu 

which  a  body  is  propcll  istance,     Umusl  bo  remein 

however,  that  tin  I  not   uniform,  but  in- 

ii  I.    Iii  Mr.  Grier's  experiments  with  the 
spring  at,  from  hi-  own  account,  t li.it  the  forw  in  00m 

pn  using  the  spriu  el  ted  1 

mean  force  \,  pro  >nd  case,  distance  9,  mean  force  I,  product  'J  1 

;  ben  '. .  2.  and 
t  of  the  colli  i-elaatii  bodies,  though,  apparently 

ll  with  the  doctrine  thai   V        M. 

ibservatioiu  bo  coi  n  ct,  and 

ll,  it   lull-!  '  I  I  I 

volocil  n|  ditto  for  a  given  time.    Tfii   rim* 

tried  mail.  .     and  water, 

inj  opinion  at   least,    Nothing  can  be 
iiv,  iii  the  ad  ■  of  0  thread  bobbin, 
lit  to  the  tin.  ad  1  then 

■  j.liiiniiH't,  when  il    will  be  found  lli.il    .  four* 

.:  ■  an  aighl 

■   tain 

iurril  mctli  ■     '  ui  «  "Ii  !•  gard  to  them.)  or, 

atrary  opinion,  and  wbi  b  li-i 
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was  contributed  by  a  person  holding  just  the  same  opinions  as  Mr.  Grier.  Whe- 
ther ships  could  avoid  this  vast  increase  of  resistance  by  being  forced  out  of  the 
.water,  ox  driven  over  its  surface,  is  quite  another  question. 

M.  C. 


©fottuarju 


WILLIAM  BUCKLE,  ESQ.,  C.E.,  M.E. 
Assistant  Coiner,  Royal  Mint. 
We  have  the  painful  duty,  this  month,  of  recording  the  decease  of  the  above 
•named  estimable  gentleman.  Mr.  Buckle  was  one  of  a  rather  numerous  class  in 
this  country,  and  who  may  well  be  designated,  as  its  "  unrecognised  great  men.' ' 
It  is  well  known  that  in  the  engineering  profession,  especially,  there  are  many 
in  England  who  may,  with  great  propriety,  he  so  classed,  men,  whose  names  are 
seldom  brought  before  the  public  during  their  own  lifetime,  but  whose  careers 
are  not  the  less  fraught  with  usefulness  to  the  community. 

Mr.  Buckie's  example  may  well  be  submitted  to  those  who  are  at  present  work- 
ing at  the  bench  or  the  lathe,  as  one  worth}'  of  imitation.     Mr.  Buckle's  father 
was    a    millwright  and  engineer,  and  was  born  at  Alnwick,  on  the  10th  of 
October,  1752.     He  devoted  much  attention  to  the  improvement  of  agricultural 
machinery  in  his  earlier  years,  and  at  a  later  period  was  associated  with  the  cele- 
brated Earl  of  Dundonald  in  the  realisation  of  his  numerous  schemes  and  inven- 
tions.    In  1849,  and  at  the  mature  age  of  90  years,  the  elder  Buckle  died.     The 
subject  of  our  present  remarks  was  the  second  of  three  children  and  was  horn  at 
Alnwick   on  the  29th  of  July,   1794,    very  soon   afterwards   his  parents    re- 
moved to   the    town   of    Kingston-upon-Hull,   in    Yorkshire.     At  this  place 
he  received    his    education,    and   the    family   again    migrating,    he    came  to 
London,  in  his  fourteenth  year.     Messrs.  Woolf  and   Edwards  shortly  after 
received  him  into  their  employment  as  an  apprentice,  and  as  their  work  was  of  a 
varied  character,  embracing  millwork  as  well  as  engineering,  young  Buckle  was 
most  favourably  situated.     He  gained  a  general  knowledge  of  both,   and  in  his 
leisure  hours  supplemented  the  defects  of  his  early  education  by  attending  even- 
ring  schools  and  drawing  classes.     On  the  completion  of  his   apprenticeship,  his 
employers  recommended  him  to  the  Prince  of  Hardenburg,  as  a  fit  and  proper 
-person  to  superintend  the  introduction  of  steam-boats  upon  certain  rivers  and 
lakes  in  Prussia.     The  recommendation  was  accepted,  and  Mr.   Buckle  departed 
vfor  Memel.    Did  space  permit,  many  interesting  details  might  be  given  of  Mr. 
Buckle's  exertions  in  Prussia,  and  of  the  successful  way  in  which  his  mission  to 
that  country  was  effected.    It  must  suffice,  however,  to  state  that  he  gained 
-,the  approbation  of  those  who  had  engaged  him,  and  after  four  years  he  returned 
•to  England.     Providentially,  he  had  been  fortunate  enough  to  save  from  drown- 
ing a  young  lady  of  the  Prince  of  Harlenburg's  family,  and  for   this  service  he 
■was  awarded  a  gold  medal.     The   steam-boat  experiences   of  Mr.    Buckle  in 
Prussia  was  deemed  valuable  enongh  to  quality  him  for  home  service  of  a  similar 
character,  and  we  find  him  next  in  the  employment  of  Messrs.  Boulton  and  Watt, 
In    the    early     part    of   1824,    the    Government     determined    to    institute 
a  steam  packet  service  between  Holyhead  and  Dublin,  and  to  the  eminent  firm 
just  named  was  entrusted  the  task  of  fitting  engines  to  the  boats  intended  for 
the  work.     The  IvanJioe  was  the  first  of  them,  and  Mr.  Buckle  was  sent  down  to 
Milford  Haven  for  the  purpose  of  putting  in  her  engines.     By  dint  of  very  ex- 
traordinary exertion,  and  by  availing  himself  of  all  the  hours   of  each  week 
including  Sundays,  the  young  engineer  speedily  started  the  engines   of  the 
Ivanhoe.    She  was  the  precursor,  therefore,  of  that  magnificent  line  of  packets 
which  now  connects  this  country  with  the  Emerald  Isle,  and  Mr.  Buckle  had 
the  honour  of  superintending  her  first  trip  across  the  Channel. 

To  the  same  gentlemen  was  committed  the  honour  of  conducting,  so 
far  as  his  speciality  was  concerned,  King  George  IV.  to  and  from  Ireland. 
This  voyage  took  place  on  board  the  Iiic/htning  steam  ship,  and  her  name 
in  memory  of  the  event,  and  at  the  request  of  the  king,  was  soou  after 
exchanged  for  that  of  the  Royal  Sovereign.  For  manjr  years  subsequently  she 
was  known  by  that  title,  but  eventually  becoming  dilapidated,  and,  by  contrast 
with  newer  vessels,  unsightly,  her  name  was  again;  changed  for  that  of  the 
Honlcey.  At  this  moment  the  identical  vessel  is  used  under  the  latter  contemp- 
tible designation,  as  a  tender  to  H.M.S.  Msgard,  at  Woolwich,  and  not  unfre- 
quently  does 'duty  on  the  Thames  as  a  tug. 

Mr.  Buckle  is  next  heard  of  at  the  Soho  Foundry  or  factory,  whither  he  had 
been  summoned  by  Messrs.  Boulton  and  Watt,  to  take  the  post  of  foreman,  and 
that  office  he  continued  to  fill  until  the  year  1851 ;  and  during  the  whole  of  the 
intermediate  time  was  in  the  enjoyment  of  the  confidence  aud  the  friendship  of 


the  heads  of  that  gigantic  establishment.  Of  his  works,  during  this  period,  more 
will,  probably,  be  said  bye-and-bye.  They  were  numerous  and  varied,  and  much 
of  the  celibrity  attained  by  the  Messrs.  Boulton  and  Watt  is,  undoubtedly,,  due 
to  the  skill  and  energy  of  their  talented  foreman. 

In  1851  Mr.  Buckle  bade  adieu  to  Soho,  and  came,  at  the  instance  of  Sir  John 
Herschel,  to  the  Royal  Mint,  Tower  Hill.  A  total  change'  in  the  internal 
management  of  the  Mint  was  consummated  in  the  year  rendered  memorable  by 
the  first  International  Exhibition,  and  Mr.  Buckle  then  became  one  of  its  prin- 
cipal officers.  Captain  (now  Colonel)  Harness,  R.E.,  was  undoubtedly  the  main- 
spring of  the  movement  for  re-organising  the  Mint  at  the  time  named,  and  had 
justice  been  done  to  that  distinguished  officer,  he  would  thenceforth' have- been 
created  Master  of  the  Money  Manufactory.  Mr.  Buckle,  however,  re-adered 
efficient  aid  in  the  task,  and  afterwards,,  with  the  rank  of  a  senior  clerk,  he 
enjoyed  the  title  and  emoluments  of  Assistant  Coiner.  This  post  he  contiraued 
to  fill  until  the  day  of  his  death,  which  unhappy  event  took  plaoe  oni  the-  30th 
ult.,  at  his  residence  within  the  walls  of  the  Mint. 

Few  men  have  led  a  more  blameless  life  than  William  Buckle,,  or  have- been 
more  fortunate  in  possessing  true  friends.  He  was  the  incarnation  of  kindness 
and  amiability,  and  his  family,  consistiug  of  a  widow  and  a  sou  and  daughter, 
have  therefore  to  lament  the  loss  of  a  most  affectionate  husband* and  father.  The 
deceased  gentleman,  who  had  nearly  completed  his  seventieth  year  when  the 
"  icy  hand  of  death  "  arrested  his  earthly  pilgrimage,  was  buried/  at  Keusal  Green 
Cemetery  on  the  6th  inst.,  his  grave  being  surrounded  by  a  crowd  of  son-owing 
relatives,  and  friends,  and  workmen  who  had  served  under  him.. 

We  believe  that  his  colleague  in  the  Coining  Department  at  the  Royal  Mint, 
and  who  should  become  his  successor  in  the  Assistant  Coinersliip  there,  is  pre- 
paring a  lengthy  memoir  of  Mr.  Buckle,  and  that  before  many  months  are  past 
it  will  be  in  the  hands  of  the  public. 


NOTICES  TO  CORRESPONDENTS. 


Workman. — 1.  The  hole  in  centre  of  beam  may  be  increased  without  affecting 
the  strength  of  the  beam,  provided  the  dimensions  of  the  cast-iron  centre 
piece  be  increased  in  proportion.  2.  No  openings,  whether  circular,  square, 
or  diagonal,  will  affect  the  solidity  of  the  construction,  if  you  consolidate  the 
beam  by  the  beads  alluded  to  in  No.  3.  3.  The  bead  proposed  at  the  top  and 
bottom  of  the  beam  will  considerably  contribute  to  impart  additional  strength 
to  the  construction ;  the  rivet  holes  will  diminish  this  effect  to  a  very  small 
extent  only.  We  should,  however,  suggest  to  add  on  each  side  a  central 
longitudinal  rib,  of  about  the  same  proportions  or  a  little  larger  than  the  bead, 
the  latter  being  all  but  useless  without  this  rib.  We  do  not  know  upon  which 
of  Templeton's  formula  you  have  calculated  the  strength  of  your  beam ;  we 
cannot,  therefore,  tell  you  whether  your  calculation  is  correct  or  not. 

C.  B. — We  have  been  favoured  with  Dr.  Rankine  with  the  following  in  reply  to 
your  query  referring  to  the  diagram  given  in  The  Artizan  of  September 
last,  illustrative  of  Dr.  Rankine's  paper  read  at  the  British  Association  New- 
castle Meeting — "Abstract  of  an  Investigation   on   Plane  Water  Lines:— 


Through  two  points,  A  and  A',  to  draw  a  circular  arc  which  shall  contain  a 
given  angle.  Bisect  A  A'  in  0,  through  which  draw  Y  O  Y'  perpendicular 
to  A  O  A' ;  through  A  draw  A  F  parallel  to  0  Y ;  from  A  F,  at'the  point  A, 
lay  off  F  A  G  equal  to  the  given  angle ;  the  point  G,;where  A  G  cuts  Y  0  Y', 
will  be  the  centre  of  the  required  arc,  which  may  then  be  drawn.  Let  A  B  A' 
be  the  arc,  then  every  angle  contained  in  it,  such  as  A  B  A',  or  A  C  A',  will  be 
equal  to  F  A  G.  If  the  middle  point  0  is  given,  it  is  obviously  unnecessary 
to  lay  down  A'  on  the  paper. 

Inquirer. — The  particulars  shall  be  given  in  our  next. 

A  Subscriber  (Manchester).  —  We  have  not  yet  succeeded,  but  should  we 
find  information  to  the  point,  we  will  insert  the  particulars  in  the  next  or 
any  of  the  following  numbers  of  The  Artizan. 

A  Subscriber  (Hull). — 1.  Apply  by  letter  to  the  Secretary  of  the  Admiralty, 
Whitehall.  2.  We  do  not  know  of  any  work  giving  the  information  you 
seek. 
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"  Silestio." — 1.  Both  are  very  good  and  useful.    We  should,  however,  re- 
commend the  preference  to  be  given  to  the  former.     The  price  is  7s.  Gd. — 2.  A 
cylindrical  boiler  with  two  internal  flues.    3.  Thanks  for  your  suggestion. 
C.  K.  (Sweden). — We  have  a  communication  for  you  awaiting  your  arrival  in 

England. 
E.  S. — In  reply  to  the  enquiry  made  by  you  and  other  correspondents,  as  to  what 
is  known  as  the  Swelish  Piston,  we  arc  informed  by  Mr.  -Systrom  that  this 
arrangement  of  piston  was  invented  by  Capt.  Carlsund  some  twenty  years  ago. 

Fig.  1  represents  a  section  of  a 
steam  cylinder,  with  Carlsund's  pis- 
ton ;  figs.  2  and  3,  portions  of  the 
packing  rings  ;  and  fig.  4,  a  section 
of  the  periphery  part  of  the  piston. 
The  higher  the  steam  is  used,  the 
more  concave  should  be  the  piston  ; 
that  in  fig.  1  is  proportioned  to 
about  301b.  pressure  to  the  square 
inch.  This  form  makes  this  pis- 
ton and  cyliuder-heads  sufficiently 
strong  with  very  thin  metal.  The 
two  packing  rings  surrounding  the 
piston  are  made  of  cast-iron,  each 
in  one  piece,  jointed  as  shown  in 
figs.  2  and  3.  The  diameter  of  the 
ring  is  cast  about  the  same  as  that 
of  the  cylinder ;  for  large  cylinders 
a  little  larger,  and  for  small  ones 
smaller.  The  rings  arc  turned  on 
the  four  sides,  and  the  joint  cut,  aa 
shown  in  fig.  2;  the  linen  b should 
be  perfectly  parallel  with  the  sides. 
The  joint  is  then  finished  as  in  fig. 
3,  with  the  greatest  care  that  the 
seam  a  I  is  perfectly  tight,  and  the 
outside  diameter  of  the  ring  a  little 
larger  than  that  of  the  inside  of 
the  cylinder,  sufficient  to  allow  for 
turning.  A  strap  is  now  screwed 
around  the  ring,  to  keep  the  joint 
in  position ;  a  hole  of  about  one- 
onarter  the  thickness  of  the  ring 
is  drilled  in  the  joint,  and  a  pin  c 
inserted,  and  the  ring  is  placed  on 
a  centre-plate  turned  to  the  correct 
diameter  of  the  inside  of  the  ring, 
the  strap  taken  off,  the  ring  tnrncd 
to  the  correct  diameter  of  the 
cylinder,  and  the  sides  to  the  correct 
size  of  the  grooves  in  the  piston. 
This  work  requires  a  skilful  work- 
man, and  the  greatest  care  must  be  taken  that  tiie  rings  he  not  too  small  for  the 
grooves  ;  should  there  be  any  piny,  it  will  jar  when  the  piston  is  in  motion.  The 
breadth  of  the  ring  is  made  about  0'8  the  square  root  of  the  diameter  of  the  cylin- 
der in  inches,  and  the  thickness  about  one-third  of  the  breadth,  ('apt.  Carl-mul 
used  to  put  canvass  in  the  bottom  of  the  grooves,  but  with  high  steam  tin- 
canvass  will  burn.  Mr.  Nystoms  prefers  to  employ  vulcanized  india  rubber  in  the 
grooves,  as  shown  by  the  dotted  part  fig.  I.  which  is  found  to  answer  very 
well ;  when  the  india  rubber  becomes  hot,  it  expands,  and  presses  the  ring 
gently  and  uniformly  to  the  sides  of  the  cylinder,  and  makes  the  piston  per- 
fectly tight.  Pistons  and  cylinder-heads  of  this  shape  will  weigli  about  one- 
half  of  the  ordinary  form. 
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THE   MANUFACTURE    OF    [ROM    AND   STEEL. 

Professor  Fleury,  in  a  paper  lately  read  by  him  at  the  Franklin  Institute, 
Pennsylvania,  U.S.,  stated  that  chemical  analysis  has  demonstrated  the 
cinder  or  slat;  drawn  from  puddling  and  re-heating  furnaces  (and  which 
is  generally  thrown  away  as  useless)  to  contain  invariably  from  -•">  to  60 
per  cent,  of  metallic  iron,  combined  and  mixed  with  ralplinr,  silica,  lime, 
and  alumina,  forming  a  very  peculiar  brittle  compound,  defying  the  mod 
ingenious  devices  of  ironmaster!  to  separate.  Prof.  Flenry  states  be  has, 
after  many  unsuccessful  attempts , succeeded  in  extracting  good  cast,  as 

well  ns  wrought  iron,  and  has    even  been  so  fortunate   as   to    produce  from 

this  refuse  mati  rial  a  good  quality  of  i 

Two  great  difficulties  had  to  be  overcome.  1st.  The  oxides  and  me- 
tallio  iron  In  these  cinders  are  combined  with  silica  and  other  subs) 
in  such  a  peculiar  w  i\,  that,  by  remelting  the  tame  in  the  puddling,  cupola, 
or  other  furnnce,  very  little  of  the  metallic  iron  can  be  extracted;  the 
combination  withstands  even  the  high  beat  In  a  steel  crucible,  -ml.  By  re- 
working the  cinder  with  lime  alone,  or  with  lime  mixed  with  charcoal  and 
(day,  the  product  is  red-short,  and  often  red  ami  •  lid-short.  The  sulphur, 
silicon,  end  phosphorus  remains  still  combined  with  the  iron.  All  the 
attempts  to  extract  good  neutral  iron  from  the  puddling  cinder  by  dry 
admixture  of  lime  were1  unsuccessful  ;  no  other  means  remain.  .1  but  to  de- 
stroy or  loosen  the  tenacious  ohemlcsd  combination  of  these  substances  be- 
fore they  were  placed  into  the  furnace. 


Unslacked  burnt  lime  possesses  the  peculiar  property  of  decomposing1 
silicates  during  hydration,  or  slacking,  as  it  is  commonly  called.  This  can 
easily  be  demonstrated  by  pouring  water  slowly  into  an  intimate  mixture 
of  sand  and  freshly  burnt  lime :  the  outside  of  the  sand  grains  will  yield 
to  the  lime  gelatinous  silica,  and,  when  dried,  form  with  it  a  strong 
chemical  combination,  silicate  of  lime — the  base  of  a  good  mortar. 
Taking  advantage  of  this  fact,  a  proper  per  centage  of  powdered  burnt 
lime  was  mixed  with  the  fine  ground  cinder,  and  after  wetting  the  whole 
with  water,  the  mixture  was  exposed  to  the  drying  influence  of  the  atmo- 
sphere. The  dry  compound  was  then  heated  in  a  common  puddling 
furnace,  and  treated  like  pig-iron.  50  per  cent,  of  wrought  iron  was  ob- 
tained, which  however  retained  still  some  traces  of  sulphur,  leaving  the 
iron  somewhat  red-short.  To  extract  these  last  traces  of  sulphur,  a  small 
per  centage  of  a  chlorine  salt  was  dissolved  in  the  water  used  for  slacking 
the  lime,  and  the  desired  result  was  attained.  The  process  is  also  appli- 
cable to  the  working  of  siliceous  ores,  and  can  be  performed  in  the  puddling, 
cupola,  or  blast  furnace.  The  preparation  of  the  cinder,  cost  of  lime,  salt, 
&c.,  does  not.  we  understand,  exceed  9s.  per  ton,  and,  if  properly  worked, 
the  result  is.invariably  a  good  quality  of  iron. 


RECENT    LEGAL    DECISIONS 

AFFECTING  THE  ARTS,  MANUFACTURES,  INVENTIONS,  ic. 


tJ>"DER  this  heading  wc  propose  giving  a  succinct  summary  of  such  decisions  and  other 
proceedings  of  the  Courts  of  Law,  during  the  preceding  month,  as  may  have  a  distinct 
and  practical  bearing  on  the  various  departments  treated  of  in  our  Journal :  selecting 
those  cases  only  which  offer  some  point  either  of  novelty,  or  of  useful  application  to  the 
manufacturer,  the  inventor,  or  the  usually — in  the  intelligence  of  law  matters,  at  least 
— less  experienced  artizan.  With  this  object  in  view,  we  shall  endeavour,  as  much  as 
possible,  to  divest  our  remarks  of  all  legal  technicalities,  and  to  present  the  substance 
of  those  decisions  to  our  readers  in  a  plain,  familiar,  and  intelligible  shape. 


Solicitors  to  Public  Companies.— In  re  the  Phoenix  Life  Assurance  Company,  before 
Vice-Chancellor  Wood,  an  important  question  was  raised  as  to  the  right  of  the  solicitors 
of  the  company  (which  is  in  course  of  winding-up),  to  be  allowed  certain  costs  claimed 
by  them  in  respect  of  actions  brought  and  defended  on  behalf  of  the  company,  in  refe- 
rence to  marine  insurance  business,  which  had  been  already  held  to  have  been  ultra  vires  ; 
and  the  Vice-Chancellor  decided  that  where  a  company  engaged  in  a  business  not  autho- 
rised by  its  deed  of  settlement,  and  the  solicitors  to  the  company,  knowing  that  the  busi- 
ness was  unauthorised,  were  employed  by  the  directors  to  bring  an  action,  and  to  defend 
other  actions  in  respect  of  claims  arising  out  of  the  unauthorised  business,  the  solicitors 
most  be  considered  with  respect  to  such  actions  as  the  solicitors  of  the  directors,  and  not 
of  the  company,  and  that  they  could  not  prove  for  their  bills  of  costs  upon  the  company's 
His  Honour  said,  that  without  laying  down  any  rule,  that  every  solicitor  was  to 
i  ildered  aware  of  all  the  consequences  of  acting  in  matters  which  might  or  might 
not  be  within  the  scope  of  a  company's  power-,  be  might  say  that  solicitors  appointed  by 
the  directors  of  a  company  were  retaiued  on  behalf  of  the  company,  and  were  not  the 
mere  servants  of  the  director-.  On  the  contrary,  it  was  their  duty' to  adrisc  the  com- 
pany to  adhere  to  the  regulations  of  the  deed  of  settlement,  and  not  to  carry  out  the  whims 
of  the  directors. 


NOTES  AND  NOVELTIES. 


OCR  "NOTES  AND  NOVELTIES"  DEPARTMENT.— A  SUGGESTION  TO  OUR 
HEADERS. 
Wc  have  received  many  letters  from  correspondents,  both  at  home  and  abroad,  thanking 
us  for  that  portion  of  this  Journal  in  which,  under  the  title  of  "  Notes  and  Novel'  le 
wc  present  our  readers  with  an  epitome  of  such  of  the  "events  of  the  month  preeedinu-" 
as  may  in  some  way  affect  their  interests,  so  far  as  tholr  Interests  are  connected  with 
any  of  the  subjects  upon  which  this  Journal  treats.    This  epitome,  in  its  preparation, 
txpenditarS  of  much  time  and  labour;  and  as  we  desire  to  make  it  as 
perfect  a»  possible,  more  e-pccially  with  a  view  of  benefiting  those  of  our  engineering 
brethren  who  reside  abroad,  we  venture  to  make  a  inggOStlon  to  our  Sttbsorlbers,  from 
which,  if  acted  upon,  we  shall  derive  OODSidsrsbls  assistance.     It  is  to  the  effect  that  wo 
dial]  I  aews  Of  interest  from  all  who  have  the   leisure  to  collect 

and  forward  It  to  ho  cannot  affti  to  do  this  would  greatly  assist 

our  ■  ading  us  local  oontsinlng  articles  on,  or  notices  of,  any  foots 

'    t'd  with  ■  .   Da      .  Canals,  Bridges,  Military 

i  lering,  H  trine  Engineering,  Shipbuilding,  BoUsrs,  Furnaces,  Smoke  Prevention, 

I  01  a]. plied   t0  Qai   a-cl  Water  Work   ,  Id -.  Met.il- 

luriry.Ae.  To  save  time,  all  eomnranlcsttons  for  this  department  should  bo  addressed 

"19,  id,  as  early  in  the  month 

at  pOMtitjl' ,  1  I  the  Editor. 


MISCELLANEOUS. 
Cost  ot  tub  I  I  (exclusive  of  pa  tsgo) 

and  in  and    W  ale       n.i  . 

888,738  m  1841,   '  ■  1861.    Tbi-  was  In   lsii  jc:,  8s,  per 

nd  of  the  population,  In  i-  rather  more  than 

0   pell! 

wi  re  employed  In  taking  the  census  ..f  1881. 

liirnnnjT  SniTmi    UsiStTOS  rein  I.ivkkcooi..-    The  Liverpool  town  OOUncll,  on  lie' 

•  odatiofi  ol  the  health  committee,  havs  si  length  resolved  to  apply  to  Perils id 

i  »  powers  to  pnrobsss  the  cents  and  sllera  ol  the  borough,  m  order  that  the;  meronW 
comprehensive  Improvements,  and  prevent,  If  possible,  the  continuance  fever  ana  other 
dlaensci  in  these  localities.    One-fifth  of  the  population  ol  Liverpool  at  present  Midi  In 
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these  courts  and  alleys,  which  are  3103  in  number,  containing  18,610  persons,  and  many 
of  which  places,  are  so  ill- ventilated  that  fever  is  never  absent.  It  is  proposed  to  charge 
the  cost  of  purchasing  this  property  on  the  general  rate  authorised  to  be  levied  by  the  local 
sanitary  Acts,  the  rate  not  to  be  increased  beyond  Id.  in  the  pound  in  any  one  year. 

Artificial  Light.— The  foundation-stone  of  the  new  retort-house  of  the  Man- 
chester Corporation  Gasworks,  at  Gaythom,"has  been  laid  by  the  Mayor  (Mr.  Abel  Hey- 
wood),  and  at  the  luncheon,  which  was  afterwards  held  at  the  Town  Hall,  Mr.  Curtis, 
the  chairman  of  the  gas  committee,  stated  that  by  Mr.  Maofarlane's  arrangement,  as  it 
would  be  carried  out  in  the  new  works,  they  would  be  prepared  to  carbonise  in  each 
stack  4  tons  16  ewt.  of  Cannel,  producing  48,000  cubic  feet  of  gas,  in  24  hours,  with  an 
expenditure  of  15J  ewts.  of  coke.  Thus  in  the  same  space  of  building  they  would  double 
the  amount  of  their  production,  without  increasing  the  cost  of  their  expenditure  for  fuel. 
Whether  they  had  arrived  so  far  as  they  could  go  in  these  respects  time  alone  will  show, 
but  he  thought  they  had  already  accomplished  a  great  deal.  He  found,  by  looking 
at  the  books  that  the  consumption  of  gas  on  one  day  recently  had  been  3,233,000 
cubic  feet.  He  had  calculated  how  many  sperm  candles  would  be  needed  to  give 
the  amount  of  light  supplied  by  that  quantity  of  gas,  and  he  found  it  would  be 
3,960,000.  Mr.  Rumney,  in  responding  to  the  toast,  The  Chairman  of  the  Sub-Com- 
mittees, and  Success  of  the  Building,"  said  that  one  of  the  chief  questions  in  connection 
with  the  extension  of  their  gas-producing  power  was  whether  it  was  likely  that  there 
would  ever  be  a  cheaper  artificial  light  ?  He  thought  there  was  no  probability  of  nuch  a 
thing  at  present.  Experiments  were  made  last  winter  by  .Dr.  Frankland,  an  eminent 
chemist,  now  resident  in  London,  and  formerly  of  Owen's  College,  the  result  of  which 
deserved  to  be  widely  known.  He  found  that  the  illuminating  power  of  20  sperm  candles 
for  ten  hours  would  cost  as  follows  in  the  several  artificial  lights  named :— Spermaceti 
candles,  6s.  8d. ;  paraffin  candles,  3s.  Wd. ;  tallow  candles,  2s.  8d. ;  sperm  oil,  Is.  lOd. ; 
paraffin  oil,  dd. ;  coal  gas,  4|rf. ;  Cannel  gas,  3d.  Another  consideration  was  that  some 
persons  complained  of  gas  causing  heat  and  impurity  in  the  air,  and  it  becavne  a  question 
as  to  whether  it  created  more  heat  and  impurity  than  other  artificial  lights.  The  same 
gentleman  conducted  experiments  to  find  that  out,  with  these  results : — Taking  the  illu- 
minating power  of  20  sperm  candles  as  the  standard,  it  was  found  that  in  a  room  of  a 
certain  size,  and  in  a  given  time,  tallow  candles  produced  10  cubic  feet  of  carbonic  acid 
gas,  and  an  amount  of  heat  represented  by  100 ;  spermaceti  candles  produced  83  cubic  feet 
of  carbonic  acid  gas,  and  heat,  82;  paraffin  candles,  67  cubic  feet  of  carbonic  acid  gas,  and 
heat  66 ;  coal  gas,  5  cubic  feet  of  carbonic  acid  gas,  and  heat  47 ;  and  Cannel  gas,  4  cubic 
feet  of  carbonic  acid  gas,  and  heat  32.  This  disposed  of  the  idea  that  gas  caused  more 
heat,  and  made  the  atmosphere  more  impure,  than  other  artificial  lights. 

Inspection  oi?  Steam-Engines  emploted  in  Agriculture. — A  general  meeting  of 
the  Suffolk  Agricultural  Association  has  been  held  at  Ipswich,  to  consider  the  propriety 
of  adopting  some  precautionary  measure  for  preventing  accidents  from  steam  power  em- 
ployed in  agriculture,  the  necessity  of  some  provision  of  this  kind  having  been  most 
forcibly  shown  by  the  recent  calamitous  accident  at  Charsfield.  The  meeting  was  presided 
over  by  the  Earl  of  Stradbroke.  After  some  remarks  from  the  chairman,  Mr.  C.  Welton 
proposed  the  following  resolution : — "  To  meet  the  present  emergency,  it  is  proposed  that 
for  this  county  the  Agricultural  Association  appoint  a  competent  engineer  as  inspector  of 
steam-engines  employed  in  agriculture,  such  inspection  to  be  made  at  least  half-yearly,  at 
a  certain  fixed  payment  per  engine  for  each  inspection,  which,  with  the  exception  of  a 
small  annual  sum  from  the  funds  of  the  association,  is  to  be  at  the  expense  of,  and  paid 
by,  the  owners  of  the  engines  respectively.  The  inspector  will  be  required  to  keep  a 
registry  of  all  engines  inspected  by  him  from  time  to  time,  with  the  name  of  the  makers, 
the  date  or  age  of  the  engine,  and  limited  amount  of  pressure  in  pounds  to  the  square 
inch  upon  the  boiler,  together  with  the  date  of  the  last  inspection,  all  of  which  to  be 
painted  in  large  and  legible  letters  (of  not  less  than  half  an  inch)  upon  the  outside  of  the 
boiler.  He  shall  also  examine  the  engine-driver  as  to  his  fitness,  and  if  satisfied  give  him 
a  certificate,  which  will  enable  him  to  wear  a  badge  on  his  right  arm  above  the  elbow, 
having  a  number  upon  it  corresponding  with  the  inspector's  book ;  this  badge  or  distinc- 
tion he  will  be  obliged  to  wear  when  at  work  with  the  engine.  The  inspector  shall,  once 
in  every  year,  make  out  a  schedule  of  engines  examined  by  him,  with  a  report  upon  their 
condition,  together  with  any  suggestions  which  may  occur  to  him  in  the  course  of  his 
inspection,  and  forward  a  copy  of  the  same  to  the  secretary  at  least  one  week  before  the 
annual  general  meeting  of  the  association  ;  which  report  shall  be  read  before  the  general 
body  of  the  members,  and  printed  in  the  books  of  the  rules  and  regulations  of  the 
society."  This  was  seconded,  and  after  a  long  discussion  was  finally  adopted,  but  left, 
however,  for  reconsideration.  A  committee  was  then  appointed  to  obtain  such  informa- 
tion as  might  seem  necessary  for  carrying  the  resolution  into  effect ;  and  it  was  under- 
stood that  it  would  report  in  the  course  of  a  month. 

Large  Hammer  Casting. — At  the  Ouseburn  Engine  Works  there  has  been  cast  a 
large  frame  for  a  steam-hammer,  on  Mr.  Robert  Morrison's  patent.  The  pit  for  the  same 
was  45ft.  long,  24ft.  wide,  and  12ft.  deep,  and  required  about  55  tons  of  metal,  28  tons 
of  which  were  held  in  a  large  air  furnace  erected  for  the  purpose,  and  the  remainder  in 
two  ladles.  The  running  of  the  metal  occupied  five  minutes  and  nine  seconds.  The 
whole  of  the  operations  were  under  the  management  of  Mr.  James  Turnbull,  and  were 
successfully  carried  out. 

Steam  Boiler  (Gas  Furnaces. — The  patentee  of  this  proposed  substitute  for  coal 
is  Mr.  A.  Jackson,  of  the  East- India  Chambers.  A  boiler  to  which  the  gas  fuel  is  applied 
in  Messrs.  Cutler's  works,  in  Wenlock-road,  City-road,  is  about  3|ft.  in  diameter,  and  it 
is  perforated  by  a  great  numberof  perpendicular  tubes,  through  which  the  heat  of  the 
gas  flame  passes  so  as  to  present  a  large  heating  surface.  The  quantity  of  gas  consumed 
per  hour  is  stated  not  to  exceed  200  cubic  feet,  which  will  guarantee  21b.  weight  of  steam 
per  minute.  The  engine  supplied  with  steam  from  the  boiler  is  equal  to  four-horse 
power.  The  steam  indicator  showed  that  the  pressure  was  not  steadily  maintained  above 
301b.  to  the  inch.  As  there  is  no  smoke  from  such  a  furnace  no  chimney  is  required,  the 
vaporous  products  of  combustion  beiug  carried  off  by  a  small  tube.  It  is  stated  by  Mr. 
Jackson  that  in  his  application  of  gas  its  cost  is  considerably  greater  than  that  of  coal  for 
generating  an  equal  quantity  of  steam,  but  he  asserts  that  the  extra  cost  of  fuel  is  more 
than  compensated  by  the  saving  of  labour. 

The  Paris  Universal  Exhibition. — The  permanent  exhibition  now  building  at 
Auteuil,  with  the  whole  of  its  annexes,  will  cover  a  space  of  about  29  acres ;  out  of 
these,  the  "  palace"  proper  is  to  occupy  10,  the  annexe  devoted  to  machinery,  agricultural 
implements,  and  the  flower-show,  3J  acres.  Squares  and  gardens  will  be  placed  in  those 
parts  not  occupied  by  the  building.  The  palace  proper  will  form  a  large  parallelogram 
of  about  440  yards  in  length,  by  150  yards  wide.  Four  pavilions  will  project  at  the  trans- 
verse axis  of  the  building;  the  doors  will  be  placed  between  them,  and  in  the  centre  of 
the  fronts,  viz.,  the  main  entrance  on  the  Boulevard  Neuf,  and  the  egress  on  the  road 
facing  the  Parc-aux-Princes.  Between  the  pavilions  and  the  doors  will  be  100  "arcade 
windows,"  the  height  of  which  will  be  equal  to  that  of  the  highest  houses  of  Paris,  so  as 
to  enable  them  to  throw  light  both  on  the  ground  and  first  floor  of  the  building.  The 
palace  is  divided  inside  longitudinally  into  three  parts,  which  form  in  the  centre  a  grand 
nave  of  a  width  of  44  yards.  The  side  galleries  have  a  width  of  35  yards  each.  An  iron 
and  glass  tower  will  be  placed  in  the  centre  at  a  height  of  110  yards  from  the  ground 
to  top  of  tower.  The  building  is  to  consist  of  wrought  and  cast-iron,  the  total  weight  of 
which  is  10,500  tons ;  stone  will  be  partly  used  for  the  exterior  only  of  the  building.  The 
main  doors  will  be  adorned  with  sculptures  and  statues,  denoting  the  object  of  the  under- 
taking. The  ground  floor  will  communicate  with  the  first  floor  through  eight  staircases 
of  26ft.  width  each. 


The  Vienna  International  Exhibition. — We  understand  that  the  plans  for  the 
Vienna  Exhibition  of  1866,  drawn  by  the  Architect  Herr  Lohr,  are  now  ready.  The 
building  will  be  erected  in  the  Prater,  on  the  right  side  of  the  main  avenue,  near  the 
Sophienbrucke.  It  is  to  consist  of  a  main  building  of  466  yards  in  length,  by  52  yards  in 
width,  and  two  uncovered  annexes  behind,  in  which  the  agricultural  show  is  to  take 
place.  The  whole  of  the  building  will  consist  of  stone  and  timber.  The  reservoirs  and 
waterworks  inside  the  building  will  be  supplied  from  the  Danube  Canal,  by  means  of 
a  steam  engine,  and  a  tramway  will  connect  the  exhibition  with  the  Vienna  Metropolitan 
Railway,  so  as  to  allow  the  goods  to  be  conveyed  from  the  stations  direct  to  the  building. 
The  total  cost  is  estimated  at  3,000,000  florins  (£300,000).  The  Austrian  Government  is 
to  guarantee  the  interest  and  make  up  the  deficit. 

The  Irish  Exhibition  of  1864. — The  organisation  of  this  enterprise  is  making  satis- 
factory progress.  In  various  parts  of  the  country  meetings  have  been  held  in  further- 
ance of  the  movement,  and  in  every  instance  the  proposal  has  been  favourably  received. 
Messrs.  Bagot  and  Walker  represent  the  Royal  Dublin  Society,  under  whose  auspices  the 
exhibition  will  be  held. 

Water-pipes. — Wrought-iron  water-pipes,  lined  and  coated  with  hydraulic  cement 
mortar,  are  in  use  in  San  Francisco.  These  pipes  have  spigot-joints,  can  be  back-filled 
as  soon  as  laid,  and  capped  in  the  same  manner  as  east-iron  pipes. 

NAVAL  ENGINEERING. 

The  "  Salamander,"  paddle  wheel  sloop,  6  guns,  818  tons,  220  horse-power,  having 
undergone  repairs  and  been  fitted  with  new  boilers  in  Sheerness  Dockyard,  underwent  the 
final  trial  Of  her  engines  (previous  to  her  being  commissioned)  off  the  measured  mile  at 
Maplin  Sands,  on  the  8th  ult.  She  attained  a  true  mean  speed  of  6'721  knots,  with  1816 
revolutions  of  engines ;  pressure  of  steam,  13 ;  load  on  safety  valve,  13 ;  vacuum  star- 
board, 26 ;  and  port,  25£.  Her  draught  of  water  was,  forward,  15ft.  llin.,  and  aft,  15ft. 
lOin. ;  diameter  of  wheels,  20ft. ;  immersion  of  floats,  2ft.  2in.  The  circle  was  turned  at 
full  boiler  power  in  5  min.  30  sec. ;  helm  starboard,  33  degrees ;  diameter  of  circle,  460ft. ; 
the  half  circle  was  turned  with  helm  starboard,  30  degrees,  in  2  min.  20  sec. ;  with  helm 
port,  30  degrees,  in  2  min.  22  sec.    The  trial  equalled  all  that  had  been  expected. 

The  Screw  Steam  Corvette  "  Pelorus,"  22,  Capt.  Boys,  made  a  trial  trip  outside 
Plymouth  Breakwater  on  the  6th  ult.  Her  mean  speed  in  six  runs  at  the  measured  mile 
was  10'913  knots,  mean  revolutions,  567.  Under  half-boiler  power  she  made  9053  knots ; 
revolutions,  45.  The  engines  and  boilers  worked  in  a  very  satisfactory  manner,  and  the 
speed  attained  was  half  a  knot  more  than  on  the  former  trial.  On  the  17th  ult.,  at  5.15 
p.m.,  when  the  Pelorus  was  320  miles  south-west  half  west  of  the  Lizard  Point,  the  eh  ief 
engineer,  Mr.  James  W.  Steil,  reported  to  the  captain  that  the  foremost  starboard  boiler 
was  red  hot,  and  that  the  felt  over  it  was  on  fire.  That  part  of  themaindeck  immediately 
contiguous  was  at  once  scuttled  in  two  places,  so  as  to  allow  water  to  pass  on  and  behind 
the  boiler,  and  a  plentiful  supply  being  sent  down  from  the  pumps  and  by  buckets  from 
over  the  side,  the  boiler  was  completely  cooled  by  9  p.m.  One  of  the  stokers  first  dis- 
covered the  accident  by  the  smell  from  the  burning  felt.  The  crowns  of  the  furnaces 
have  dropped,  and  the  boiler  is  so  much  injured  that  it  will  have  to  be  removed,  which 
will  be  done  at  once. 

The  Screw  Steamship  "  Gibraltar,"  81,  Capt.  J.  C.Prevost,  recently  put  in  com- 
mission, made  an  experimental  trip  outside  Plymouth  Breakwater,  on  the  2nd  ult.  Six 
runs  made  at  the  measured  mile,  under  full  boiler  power,  gave  a  mean  speed  of  10'897. 

Luhley's  Rudder. — The  Columbine,  4,  screw  sloop,  was  docked  on  the  10th  ult.,  at 
Portsmouth,  in  course  of  her  refit  preparatory  to  proceeding  to  the  Pacific.  An  oppor- 
tunity was  thus  afforded  to  examine  the  jointed  or  "  Lumley"  rudder  with  which  she  was 
fitted  some  months  since  at  Sheerness.  No  part  of  the  rudder  or  its  chain  is  worn  or 
strained  in  the  slightest  degree,  but  is  all  as  perfect  as  on  the  day  it  was  first  fitted.  The 
Columbine  has  just  returned  from  the  coast  of  Scotland,  where  she  has  experienced  a  con- 
siderable amount  of  rough  weather  both  under  steam  and  canvas,  during  which  the 
rudder  has  been  tested  in  every  possible  way.  With  the  vessel  under  canvas  it  was  found 
an  angle  of  tiller  of  eight  degrees  was  sufficient  to  put  the  ship  about.  In  ordinary  steering, 
more  especially  under  steam,  a  very  small  touch  of  the  helm  was  found  sufficient.  In 
entering  and  leaving  the  docks  at  Aberdeen,  where  the  entrance  is  very  narrow  and  the 
turnings  sharp,  the  pilot  on  board  was  surprised  to  find  that  Commander  Ward  intended 
to  trust  to  his  vessel's  rudder  alone  in  taking  her  in  and  out  of  the  docks. 

The  "Falcon,"  17,  serew-corvette,  completed  her  course  of  trials,  prior  to  commis- 
sion, at  Portsmouth,  on  the  13th  ult.,  under  the  supervision  of  the  officers  of  the  steam 
factory  and  reserve.  She  is  751  tons  measurement,  and  is  driven  by  a  pair  of  auxiliary 
engines  of  100-horse  collective,  nominal,  power.  There  was  a  strong  breeze  from  the 
southward,  which  rendered  some  of  her  runs  over  the  mile  against  wind  and  tide  of  un- 
usual length,  and  therefore  detracted  from  the  ship's  average  speed.  She  made  one  mile 
under  such  circumstances,  when  trying  her  speed  with  half-boiler  power,  in  18  minutes 
and  37  seconds.  The  Falcon,  is  rigged,  armed,  and  stored  for  sea,  and  only  waits  her 
crew  and  ammunition  to  complete  her  to  her  sea-going  draught  of  water.  At  the  com- 
mencement of  her  trial,  she  drew  14ft.  2in.  of  water  forward,  and  14ft.  5in.  aft.  The  load 
on  the  safety  valve  was  201b.,  ana  the  vacuum  ranged  from  23in.  to  24in.  Six  runs  were 
made  with  full  boiler  power,  the  mean  of  which  gave  the  ship  a  speed  of  SJknots.  Four 
runs  were  made  with  half-boiler  power,  and  the  mean  of  these  gave  a  speed  to  the  ship 
of  6"250  knots.  Two  circles  were  made  to  port  and  starboard  with  full  power  in  5  min. 
9  see.  and  4  min.  56  sec.  respectively ;  and  at  half-power  the  two  circles  were  made  in  6 
min.  30  sec.  and  6  min.  54  sec. 

The  United  States'  Ram  "Dunderberg." — The  following  are  some  of  the  dimen- 
sions, &c.,  of  this  vessel,  built  by  Mr.  W.  H.  Webb : — Extreme  length,  378ft. ;  extreme 
breadth,  68ft. ;  whole  depth,  32ft.  The  whole  upper  surface  is  to  be  iron-plated  to  six 
feet  below  the  water  line.  Above  the  deck  she  has  a  large  casemate  to  carry  ten 
heavy  guns,  and  above  these  are  to  be  placed  two  revolving  turrets.  To  form  her 
enormous  ram  the  bow  of  the  vessel  is  solid  wood,  running  back  over  fifty  feet. 
This  is  to  be  plated  with  the  best  quality  of  iron.  The  sides  of  the  vessel,  before 
the  plating  is  put  on,  are  solid  oak  wood.  She  will  have  two  rudders,  which 
are  protected  by  the  peculiar  construction  of  the  overhanging  stern.  Her  engines 
will  be  6000  horse-power;  and,  to  give  stability  to  the  hull  at  all  times,  and  especially  at 
the  time  of  impact,  when  ramming  a  vessel,  she  is  provided  with  one  main  and  four 
sister  keelsons,  which  run  the  entire  length  of  the  vessel  and  meet  at  either  end.  These 
are  of  solid  oak.  The  entire  frame  of  the  vessel  is  diagonally  strapped  with  iron,  which 
gives  her  great  strength.  At  some  distance  from  the  side  of  the  vessel  inboard  is  a 
ceiling  or  skin  which  furnishes  a  large  number  of  store-rooms,  and  at  the  same  time 
makes  a  water-tight  compartment  the  whole  length  of  the  vessel.  She  has  three  decks, 
or,  counting  the  bombproof  deck  of  the  casemate,  she  is  a  four-decker.  The  lower  decks 
are  of  the  same  thickness  as  ordinary  vessels  ;  but  the  casemate  deck  is  much  heavier, 
while  the  bombproof  deck  over  the  casemate  is  twenty-one  inches  thick  of  wood,  with 
two  inches  of  plating  to  cover  it.  The  casemate  is  163ft.  long  in  the  clear,  and  it  ex- 
tends the  entire  breadth  of  the  vessel.  Its  sides  are  sloping,  and  over  three  feet  in 
thickness.  This  fort  upon  deck  is  pierced  for  ten  heavy  guns — three  in  each  broadside, 
and  two  at  each  end.  Surmounting  this  are  to  be  two  turrets  twenty-four  feet  internal 
diameter  and  fifteen  inches  in  thickness.  Her  armour-plating  alone  will  weigh  over  900 
tons,  while  her  turrets,  pilot-houses,  &c.,  will  weigh  over  300  tons ;  so  that  at  a  rough 
estimate  the  weight  of  armour  she  will  carry  will  not  be  far  from  1300  tons.    The  large 
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casemate  "tumbles in,"  or  inclines  inward,  at  an  angle  of  nearly  forty-five  degrees;  so 
that  it  is  not  necessary  to  have  the  iron  so  thick  as  may  be"  supposed.  The  wood 
backing,  which  makes  a  cushion  for  the  armour  plates,  is  much  thicker  than  has  ever 
been  used  before  in  a  plated  vessel,  so  that  in  the  event  of  the  angular  sides  of  this  case- 
mate being  struck  and  the  iron  penetrated,  there  is  an  enormous  quantity  of  oak  and 
pine  wood  yet  remaining  to  be  pierced.  The  plating  of  the  hull  is  put  on  in  upright 
slabs,  and  not  horizontally,  the  plates  varying  in  length  from  eleven  to  twelve  and  a-half 
feet,  and  twenty-eight  inches  in  width.  These  slabs  are  three  and  a-half  inches  thick, 
and  are  secured  to  the  vessel  by  means  of  a  peculiar  screw  bolt.  The  plating  of  the 
nate  is  four  and  one-half  inches  in  thickness,  from  eleven  to  twelve  and  one-half  feet 
in  length,  set  upright,  and  twenty-eight  inches  in  width.  At  the  bottom  of  these  plates 
and  the  top  of  the  hull  plates  they  are  bevelled  so  as  to  form  a  snug  joint.  The  turrets 
are  built  in  sections  or  slabs,  which  are  five  inehes  thick,  eleven  inches  high,  and  nineteen 
feet  in  length.  These  are  bent  so  that  it  requires  four  of  these  slabs  toniake  the  circle. 
The  inner  courses  of  the  turrets  are  two  one-inch  plates,  and  outside  of  the  slabs  are  six 
courses  of  one-inch  iron.  Each  turret  is  nine  feet  in  height.  The  inside  diameter  of  the 
turrets  is  twenty-four  feet.  All  of  the  iron  used  in  this  vessel  is  of  the  best  quality  oi 
hammered  cold  blast  charcoal  iron,  and  comes  from  the  Reading  Forge. 

I/trxrji  of  the  "  Kf.  dom  Luigi  di  Portogallo"  fob  thf,  Ibox-clad  Italian"  Xaw. 
—Mr  \V.  H.  Webb,  of  Xew  York,  United  States,  launched  the  new  frigate  Re  dom  Luigi 
'li  P',rtogallo  for  the  Italian  navy.  The  vessel  is  a  sister  ship  of  the  Re  d'ltalia,  which 
wa-.  launched  from  the  same  yard  on  the  18th  April.  She  is  295ft.  in  length,  55ft.  beam, 
30ft.  flin.  depth  of  hold,  and  5500  tons,  carpenter's  measurement.  Her  build  does  not 
materially  differ  from  ordinary  vessels  of  war,  except  that  from  the  water-line  upwards 
she  falls  in  considerably,  so  as  to  give  an  angle  to  shot.  Her  frame  is  of  the  best 
white  oak,  and  put  together  with  iron  strappings,  which  render  her  one  of  the  best  con- 
gtrocted  vessels  ever  built  by  Mr.  Webb.  The  gun  deck  has  ports  for  seventeen  guns. 
On  each  side  the  portholes  are  of  a  peculiar  shape,  being  very  narrow  and  bevelled  inward, 
like  the  embrasures  of  a  fort.  Her  engines  are  building  at  the  Novelty  Iron  Works,  and 
are  direct  back  action,  with  eighty-four  inch  cylinders  and  forty-live  inch  stroke.  She  has 
six  horizontal  tubular  boilers,  with  thirty-six  furnaces.  She  will  bepropelled  bv  one  com- 
position propeller.  The  propeller  can  be  hoisted  out  of  the  water  when  it  is  desired  to 
nuke  a  passage  under  canvass  alone.  She  will  be  bark  rigged,  and  will  not  look  unlike 
the  I'nitcd  States  steam  frigates  of  the  Wabash  class,  except  she  will  have  no  yards  on 
the  mizenmast. 

Tin:   Lattkch  of  tiif.   "  Vamawt,"  from  the  yard  of  Messrs.  Wcstwood,  at  Poplar, 

took  place  on  the  1  Ith  alt.    The  Valiant  is  a  connecting  link,  so  to  speak,  between  the 

Warrior  and  vessels  of  the  Defence  and  Resistance  class.     Her  length  over  all  is  380ft., 

her  extreme  breadth,  66ft.,  and  her  depth  from  her  epar  deck,  89ft.    Her  lines  arc  liner 

nets  like  the  Defence,  but  yet  are  not  to  be  compared  in   tine- 

Warrior,  while,  on  the  other  hand,  her  bows,  without  having  a  regular  beak 

to  be  used  as  a  ram,  are  still  sufficiently  projecting  beneath  the  water  line  to  enable  her 

If  the  gi  I  a  chance  of  striking  an  enemy  to  inllict  fearful  mischief,  without  risking  the 

own  hull.    She  may  be  called  agister  ship  to  the  Hector,  which  was  launched 

from  the  Clyde  at  the  close  of  last  year.     In  the  construction  of  the  hull  the  principle  is 

that  of  all  the  iron  frigates.     Like  the  new  frigates,  however.    She  is  to  be 

plated  fro m  stem  to  stern  in  armour,  the  stern  being  almost  as  fine  as  her  hows,  and 

with  an  additional  plating  of  iron  over  her  outer  stern-post  and  rudder  head. 

from  the  bows  Inboard  she  is  fitted  with  a  semi-circular  shield,  which  extends  from  one 

to  the  other,  and  rises  from  the  main  deck  to  the  level  of  her  bulwarks 

on  ti.  I  with  Hjln.  armour  plates,  and  lined  with  teak    as  with 

"i  the  main  deck  it  is  closed,  but  on  the  upper  is  pierced  for  two  of  the 

m  tih,  or  when  bearing  down  on  one  to  strike  her  as 

a  ram.     !•  ■■■/  shall  he  fitted  with  a  pair  of  hori/  ml 

nominal  power,  on  the  doable  piston-rod  principle,  mannfactnr  id  by  M 
Man.  I  !0f4ft.  1 

"pplied  With  Steam  dl 
li "-  aiel  tie-  ipplied 

with  Time  manner.    The  ',  with  two  b 

in  be  varied  fi  to  87ft.  gin.    When  working 

about  60re*  There  will 

i 
thei  i.    There  ".ii:  •  of  aaxfllsr 

pomps,  arranged  with  a  system  of  pi 
Dg  lire,     'lie 
two  fan    for  ventilating  the  ■abrrj    bj  means  of  two  Unea  ol  pi| 

aide,  throughout  tl  j  the  supply  of  air 

into  each  compart  ...  I  lor  arivrng  ti  blast  for  a  cupola 

fuma  ng  iron  for  she  ■■  the  end  of  the  stokehole,  and  for  drivj 

ssn^rstns  for  roismg the  aines  onto  the  upper  dtek,  so  labour.     Externally 

the  VaUaat  look*  aa  Ugly   a     ti,..   Hector,  though   better  in  tie-  water  than  eitii 
Resistance  or  Defence. 

Xiv.     OrSBOlIS.-  At  Chatham  a  notification  !.  :   it    the    \dmiralty 

hove  decided  on  constructing  ti   squadron  of  iron  gtrabe 
wooden  gunboats  which  have  b  ten  sent  round  from  th  ■  Medway  I  >  Deptfbrd  Dockyard  to 

be  broken  np,    Thenew  gunboat*  ar  ,  ir 

i  the  Admiralty  !..  Mr.  Reed,  tho  Chief  I  They 

will  he  armour-plated,  and  will  he  driven  by  twin  screw  propellers,   a  h  bo  it  being  adopted 

being  worked  out  at  the  Admiralty,  ami  as  n as  the  plans  have  been  finally  adopted 

Ion  of  tin-  proposed  squadron  will  at  on  need. 

Tin    I  Tin    i  ■  Sh.vniii,"  pTel.ii.  _•:,()  horsc- 

ll    ult..    Tit     Me  \l    I,    i 

and  nearly  11 
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spars,  which  operate  disadvantageous^'  to  the  speed  of  the  steamer;  and,  lastly,  to  the 
foul  state  of  her  bottom,  from  the  lengthened  time  she  has  been  in  harbour.  At  the 
close  of  the  trials  at  full  speed  two  of  the  boilers  were  cut  off,  and  a  couple  of  runs  taken 
over  the  measured  mile  at  half-boiler  power  with  the  following  results  t — First  ran — time 
i  min.  40  see.,  speed  in  knots,  12'857,  and  number  of  revolutions  30:  second  run — time, 
5  min.  2  see.,  speed  11*921  knots,  and  number  cf  revolutions  13*389.  giving  B  mean  speed 
at  half-boiler  power  of  12*389  knots  per  hour,  as  against  12'tiiS  knots  per  hour  at  half 
speed  on  the  occasion  of  her  former  trial  on  the  21st  August.  From  these  figures  the 
Salami*  is  out  of  proportion  a  much  faster  vessel  under  half-boiler  power  than  when 
steaming  at  full  speed,  the  difference  in  the  two  rates  being  less  than  a  knot  and  a  half 
an  hour.  During  the  trial,  Admiral  Bullock  was  busily  employed  on  board  in  making 
experiments  with  and  recording  the  results  of  the  triais  with  his  new  description  of  log 
for  enabling  the  speed  of  ships  at  sea  to  be  instantaueously  ascertained.  The  apparatus 
used  for  the  purpose  is  a  kind  of  steelyard,  which  is  suspended  from  the  vessel's  tati'rail, 
and  attached  to  which  is  a  line  of  some  150ft.  in  length  with  the  log  at  the  end.  The 
pressure  on  the  hand  of  the  dial  causes  it  to  revolve,  and  a  series  of  numbers  on  its  face 
will  indicate  the  true  speed  of  the  vessel  at  any  moment.  The  Sulamis  was  placed  in  the 
first  division  of  the  steam  reserve  in  readiness  for  any  service  for  which  she  may  be 
destined. 

Naval  Appoixtmfxts. — The  following  appointments  have  taken  place  since  our  last: — 
J.  L.  Rastrick,  of  the  Miranda,  promoted  to  acting  First-class  Assist,  Engineer;  W. 
Stretton,  Assist.  Engineer,  to  the  Scyl'a ;  .T.  Anderson,  of  the  Indus,  H.  Aitken,  of  the 
Edgar,  G.  Boyd,  of  the  Asia,  E.  C.  Legh,  of  the  Dauntless,  J.  King  (b.),  of  the  Saiock, 
3.  \Vatson  (b.J,  and  R.  Blackwood,  supernumeraries  of  the  Indus,  and  C.  E.  Ufrindell,  su- 
pernumerary of  the  Fisgard,  promoted  to  First-class  Assist.  Engineers ;  J.  M 'Master,  of 
the  Vulcan',  T.  Russell,  of  the  Tartar,  G.  O'Brien,  of  the  Rapid,  D.  Grant,  of  the  St. 
George,  James  Jack,  of  the  Aboukir,  T.  N.  Crowder,  of  the  Jason,  and  D.  Ferguson,  of 
'■•.  promoted  to  acting  First-class  Assist.  Engineers;  E.  Lilley,  Engineer,  to  the 
,  lor  the  Cordelia  ;  T.  Pattison,  of  the  Hornet,  promoted  to  First-lass  Assist.  En- 
gineer; J.  Iiimnals,  Assist.  Engineer,  to  the  Indus,  for  the  Gladiator;  J.  C.  Gauchy, 
Chief  Engineer,  to  the  Tamar;  F.  T.  Elliott,  Engineer,  to  the  Cumberland,  for  the  Fatm  • 
J.  F.  Channon,  Engineer,  to  the  Tamar;  F.  W.  Henderson,  Assist.  Engineer,  to  the  0 mi  - 
berland,  for  the  Sepoy;  G.  Tidcombe,  F.  Pursell,  and  J.  Milne.  Assist.  Kngineers,  to  the 
Tamar;  T.  Stanley,  Assist.  Engineer,  to  the  A  I       numerarv ;   H.  Gritlin,  Assist' 

Engineer,  to  th   l'  irnumarary;  J.  E.  Callagan,  Assist.  Engineer,  to  the  Indus, 

as  supernumerary;  t'.  Moore, Chief  Engineer,  to  the  Fitgari,  for  the  Valiant;  J.  Bonner, 
Chief  Engineer,  to  the  (  tor  the   Olio;  3.  V.  Thompson,   Pirsfc-olass  Assist. 

Engineer,  to  the  RatdetnaJce;  J.  II.  Wills,  Assist.  Engineer,  to  the  Cumberland,  as  super- 
numerary; J.  F.  Channon,  engineer,  to  the  Fisgard,  as  supernumerary;  W.  Todner, 
Engineer,  to  the  Tama*;  3.  Downes,  Engineer,  toti  md,  for  the  Bullfrog ;  3. 

Bice,  Engineer,  to  the  Indus,  as  supernumerary;  T.  S.  Gissing,  Engineer,  to  the Fatmt; 
P.  Murray  and  H.  Thomson.  Assist.  Engineers,  to  the  Falcon;  .1.  Watson  (a.),  of  the 
Espoir,  promoted  to  Acting  First-class  Assist.  Engineer;  J.  Leys,  3.  A.  Burton,  and  J.  W. 
German,  Chief  Engineers,  to  the  Cumberland,  for  the  Achilles,  Bombay,  and  Amphion  re- 
spectively; G.  H.  Weeks  and  H.  W.  Fitzgerald,  Assist.  Engineers,  to  the  Asia,  as  super- 
numeraries. 

MILITARY  ENGINEERING. 

Important    Trial   of    Akiiour-plati-s. — The  trials  of  5J-in.  armour-plates  on  the 

side  of  the  ifonarai  target  ship  at  Portsmouth  were  attended  with  an  unusual  degree  of 

Ing  to  the  lit  of  their  bi  bag  the  first  time  the  four  leading  linns  in  England 

had  supplied  plates  of  equal  thiekn     -   of  metal  for  trial.     They    consisted   of  one  each 

from  Messrs.  John  Brown  and  Co.,  of  Sheffield,  the  Mersey  Iron  ami  Steel  Works,  the 

Thames  Ironworks  and  Shipbuilding  Company,  and  the  Millwall  Company.  All  four 
were  good  plates,  but  with  varyi*  Messrs.  John  Brown  and  Co.'s 

plate  was  the  best  of  the  four.  Four  shots  struck  this  plate  in  a  Vertical  line,  but  th. ij 
opened  no  .racks  in  tlie  same  direction  nor  otherwise,  except  in  the  indents.  Two  ol 
these  shots  overlapped  each  other  3in.,  but  th  the  two  blows  only  produce:  an 

indent  of  *J '. i 1 1 .  in  depth — an  unpreeedentedly  favourable  result,  a-  allowing  th 

r  of  the  iron.     Eight  shots  struck  within  3ft.  of  the   left   of  the  p late,  and 
three  of  them  on  the  v.i\  c.l.-e,  but  only  produced  the  usual  small  cracks  exhibited  by 

the  firm's  plates  within  the  circumference  ..I  tin-  indents.     No  BlgUS  of  Ci  I ntri 

were  shown  round  the  indentation  ...  i  blows.    The  Sfersej  plate  receii 

shots  in  all,  and  .tood  very  well  for  the  "  first"  rolled   phi  Tin- 

metal  has  a  ,.,fi  appearance,  an.!  |  laltty,  hut  there  was  ti  tendtmc; 

to  crack  vertically — a  fault  which  will,  doubtless,  he  guar. i  in    further  produc- 

tions.    The  Millwall  plate  was  uol  of  so  good  a  quality  as  the   .V  in.  plate  previously  sent 
in  fortrial  by  this  linn.    The  welding  was  very  faulty;— it  received  'I  ihots.  The  To 
Company's  plate  was  very  severely  Injured  by  the  B  shots  Bred  against  it  striking  on  the 

I  ,ve  ctruck  in  an  area   of  8ft.    by    lsin.,  and  three  of  them  joining    in 
the  circumference  of  indents.     The  effect,  however,  was   only  Blight,  though  numerous 

were  made  from  the  severe  pounding  the  Iron  had  t Ived.    The  gun  used  was 

the  ordiniin  i;-i-poun. I.  r,  anil  cast-iron  -hoi  with  161b.  of  p  180  J  anls  range.    I  in 

the  day  following  the  trial  of  the   plates  a  smooth-bore    100-poundOT   gnu    v, 

from  tl  ard  the  Foam  gunboat, and  the  latter  vessel  proceeded  up  'l"- 

harbour,  and  Hon  from  the  target-ship  and  the  plates  she  had 

fired  at  with  her  68-ponndcr  of  the  previous  day.    a  allot  was  fired  al  each  plate  with  ti 

Of  powder,  and  in  all  but  0  i  appeared    I 

commensurate  with  the  Increased  weight  of  the  ihol  and  size  of  tl  as  com  pared 

with  the  68-poonder.    A  further  cararal  Inspection  hardly  confirm-  thl  ■  belief.    In  all  but 

the  plates  had  been  damage  I  bj  i  revlouslj  Bring  from  the  US-pounder,  and 

.  be  drawn  from  the  resull 

I  by  the  round  100  pound 
and  the  result  h  of  Indent,  sin,     I 

the  Indent     I  I  ao  indent  from  the  blox 

68-poundi  r  i   'jin..  with  a  depth  having  plates  bolted  on 

her  tides  for  further  experimental  firing,  including  a  Hal  plate  for  the  .  . a  the 

I'uttcrly  Company,  and  ..ipany  for  the  Mi.i.duur. 

'I'm  .1  oi  \ i: m. .i  i    I'i.mi  •.  >i  i  1 1.  I  brlal  T 

burgh  with  the  axperimentel  B-lnoh  riile.i 

i  KrUpp,  and  throw-  a  300  I 

it. •   provioua   ■  [perimenta   with   this  gun   l.-.l  ihe 

mmenl  t der  fifl  which  are  now  in  course  of  del  ■ 

d  obic  t  of  u iperimei  nam  the  best  desorip- 

ti i  te<i  tlie  quality  ol  armour  plates  mppliod  by  Messrs.  Joho  Brawn 

and  Co.,  ..i    Bhefflsld.    i  ■  -  n,  ware  Bred  al 

i   h  armour  ;  I 
I  ho  111  with  a 

1  four  ne  h-    in  diameter.    Plrod  with  i 

through  th.  plate,  oak  and  tea 

with  sand  onl        I  md  and  third  iglh, 

hut  with  i 

"irth   lliell    v.  r,  of  p. id. Ile.l 

nd   mid  tin:  :. 
t  li  roii 

n  slngl 
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through  iron,  teak,  and  the  second  target,  and  went  at  least  a  mile  beyond.  The  sixth 
and  seventh  shells  were  from  Krupp,  and  were  charged  with  powder;  they  were  quite 
flat-ended,  9"  diameter.  One  oxploded  in  the  plate,  the  other  in  the  wood.  The  eighth 
and  ninth  shells  were  of  cast-iron,  and  although  they  passed  through  the  plates,  were  of 
course  destroyed.  Evening  prevented  further  trials,  which  will  yet  be  made  on  the  same 
plate.  The  results  on  the  plate  were  highly  satisfactory.  In  a  space  of  4'  6"  x  3'  6" 
eight  holes  were  made  without  any  crack  of  the  slightest  description ;  and  the  marine 
officers  present  were  highly  satisfied,  because  they  are  obtaining  4000  tons  of  plates  from 
Messrs.  John  Brown  and  Co.  for  their  different  ships. 

STEAM  SHIPPING. 

The  "  Geeat  Eastern." — The  Committee  of  the  Great  Ship  Company,  in  their  report, 
recommend  that  the  ship  be  placed  on  the  longest  voyages,  where  there  can  be  the  least 
competition  and  highest  receipts,  and  that  the  shareholders  contribute  for  the  liquidation 
of  the  existing  debts,  rather  than  sell  the  ship  at  an  enormous  sacrifice.  The  gross  out- 
lay of  the  company,  for  the  three  and  a  half  yearj,  has  been  £278,259,  the  ship  having 
been  only  200  days  at  sea,  whereas,  had  she  been  running  on  the  Australian  route,  she 
would  have  been  450  days  at  sea,  and  the  expenses  would  have  been  much  le^s,  except  for 
coal.  The  gross  receipts  have  been  £153,000,  while  the  receipts  from  five  Australian 
voyages  would  probably  more  than  treble  this  amount,  the  balance  affording  an  ample 
profit  to  pay  the  shareholders.    The  report  was  adopted. 

The  Teial  Teip  of  the  "  Resolute,"  one  of  the  most  powerful  steam  tugs  in  the 
kingdom,  took  place  at  Liverpool,  on  the  5th  ult.  The  Resolute  has  had  new  boilers  put 
in  her,  machinery  overhauled,  and  refitted,  new  feed  heaters  put  in,  and  rigged  to  make 
the  voyage  out  to  Calcutta,  where  she  will  make  an  addition  to  the  Hooghly  Steam  Tug 
Company.  During  the  trial  trip  of  54  nautical  miles,  which  was  performed  in  four  hours, 
the  engines  worked  most  successfully,  there  being  no  heated  bearing,  the  supply  of  steam 
being  abundant,  and  the  temperature  of  the  feed  water  raised  to  nearly  boiling  point. 
The  effect  of  the  recent  improvements,  which  were  executed  by  Messrs.  J.  Jones  and 
Sons,  of  Liverpool,  has  been  to  reduce  the  consumption  of  fuel  from  30  to  IS  tons  per  day, 
while  the  speed  of  the  vessel  has  been  considerably  increased. 

Tkial  of  the  Steam  Tug  "Columbus,"  at  Liverpool,  took  place  on  the  14th  ult.; 
and,  notwithstanding  she  was  heavily  laden  with  coals  and  stores  for  her  voyage  out  to 
Calcutta,  she  made  12  knots  per  hour.  The  Columbus  is  to  form  an  addition  to  the  fleet 
of  tugs  already  sent  out  to  the  river  Hooghly  from  Liverpool. 

The  Teial  Teip  of  the  "Lucy,"  steel  plate  built  steamer,  has  taken  place  at 
Liverpool,  under  the  superintendence  of  the  surveyors  to  the  underwriters'  registry. 
During  the  trial,  notwithstanding  a  strong  wind  and  tide  against  her,  she  maintained  "a 
speed  of  15^  knots.  The  pressure  of  steam  was  about  301b.,  and  the  revolutions  about 
36.    The  results  were  considered  highly  satisfactory. 

The  Launch  of  the  "Andalusia,"  screw  steamer,  from  the  yard  of  Messrs.  Swan 
and  Co.,  Maryhill,  on  the  Clyde,  took  place  on  the  14th  ult.  She  is  of  400  tons  burthen, 
and  is  to  be  employed  in  the  Spanish  trade.  Her  engines  will  be  supplied  by  Messrs. 
Forrest  and  Barr,  Port  Dundas,  Glasgow. 

The  Teial  Teip  of  the  "Sea  King,"  iron  framed  and  wood  planked  steamship, 
launched  by  Messrs.  A.  Stephen  and  Sons,  for  the  direct  trade  between  China  and  London, 
has  taken  plaee.  The  vessel  made  the  run  between  the  Cloch  and  Cumbraes,  on  the 
Clyde,  at  a  speed  of  12'25  knots  per  hour  down,  and  up,  against  a  strong  gale  of  head 
wind,  at  9'89  knots,  a  result  highly  satisfactory,  considering  the  small  power  of  engines 
to  the  size  of  the  ship. 

Steamship  Building  on  the  Clyde. — Messrs.  Randolph,  Elder,  and  Co.  have  com- 
pleted the  Chile  for  the  Pacific  Steam  Navigation  Company;  she  is  the  first  of  three 
large  steamships  ordered  by  the  company  from  the  same  firm.  The  Chile,  which  has 
been  fitted  with  double  cylinder  engines  of  400  horse-power,  left  the  Mersey  on  the 
15th  ult.  to  take  her  station  on  the  company's  main  line  between  Panama  and  Valparaiso, 
In  running  from  the  Clyde  to  the  Mersey  she  attained  a  mean  speed  of  13J-  miles  per 
hour  against  a  strong  tide,  her  engines  working  with  an  average  pressure  of  201b.  of 
steam,  and  making  21  revolutions  per  minute.  Annexed  are  the  dimensions  of  the  Chile, 
which  is  1600  tons  burden : — Length  between  perpendiculars,  265ffc. ;  beam,  36ft. ;  depth, 
24ft.  Messrs.  M'Nab  and  Co.  have  launched  from  their  yard  near  Albert  Harbour, 
Greenock,  a  screw  steamer  of  340  tons,  named  the  Beatrice,  and  built  for  the  Bristol  and 
Cork  Steam  Navigation  Company.  She  will  be  provided  with  engines  of  60  horse-power 
by  Messrs.  M'Nab.  A  fine  ocean  screw  of  2000  tons  burden,  completed  by  Messrs.  W. 
Denny  and  Brothers,  of  Dumbarton,  has  made  a  trial  trip,  at  which  she  attained  a  speed 
of  13  miles  per  honr,  her  engines  working  with  great  smoothness.  The  Infanta  Ysabel 
is  to  be  employed  as  one  of  the  Spanish  Royal  Mail  steamers  between  Cadiz  and  Havannah. 
She  is  a  sister  ship  to  the  Principe  Alfonso,  built  recently  by  Messrs.  Denny  for  the  same 
undertaking,  and  her  dimensions  are  as  follows  :— Length,  270ft. ;  breadth,  38ft. ;  depth 
to  spar  decK,  27ft.  Her  engines  are  of  400  horse-power,  and  she  has  state  rooms  for 
about  350  first  and  second-class  passengers,  in  addition  to  accommodation  for  a  large 
number  of  steerage  passengers.  Messrs.  A.  and  J.  Ingiis  have  ^completed  two  steamers 
for  Australia.  The  first  is  a  paddle  of  800  tons  burden,  named  the  City  of  Brisbane,  built 
for  the  Australian  Steam  Navigation  Company,  and  intended  to  trade  between  Sydney 
and  Brisbane.  The  dimensions  of  the  City  of  Brisbane  axe  as  follows: — Length  of  keel 
and  fore-rake,  230ft. ;  breadth  of  beam,  27ft. ;  depth,  13ft.  6in.  She  will  be  propelled  by 
oscillating  engines  of  250-horse  power,  her  paddlewheels  will  have  feathering  floats,  and 
her  boilers  will  be  fitted  with  superheating  apparatus.  The  other  steamer,  the  Wallabi, 
is  intended  for  the  Australian  coasting  trade.  Her  length  of  keel  and  fore-rake  is  105ft., 
her  breadth  of  beam  is  18ft.,  and  her  depth  of  hold  7ft.  She  is  of  162  tons  burden,  and 
her  engines,  which  are  of  30  horse-power,  were  fitted  before  she  was  launched.  She  will 
proceed  to  her  destination  under  canvas,  and  will  take  out,  in  pieces,  a  screw  steamer 
similar  in  dimensions  to  herself.  Messrs.  Scott,  of  Cartsdyke,  have  launched  the 
Lafayette,  another  of  the  great  ocean  steamers  which  they  are  building  for  the  Com- 
pagnie  Generate  des  Paquebots  Transatlantiques.  The  Lafayette  is  3400  tons  builders' 
measurement,  and  her  dimensions  are  as  follows : — Length,  350ft. ;  breadth,  45ft. ;  depth, 
33ft.  She  has  four  decks,  the  upper  one  being  flush  from  stem  to  stern.  The  three 
lower  decks  have  each  a  height  of  7ft.  3in.,  and  the  steamer  will  accommodate  330  first- 
class  passengers,  and  will  have  capacity  for  1000  tons  of  goods,  besides  stowing  1500  tons 
of  coal  in  her  coal  bunkers.  Her  machinery  is  being  fitted  by  the  Greenock  Foundry 
Company,  and  will  consist  of  a  pair  of  side-lever  engines  of  850  horse-power  nominal. 
The  cylinders  are  7ft.  llin.  in  diameter,  and  9ft.  6in.  stroke.  Steam  will  be  supplied  from 
four  tubular  boilers,  each  weighing  61  tons ;  each  sole  plate  weighs  55  tons,  and  the 
paddlewheels  will  be  37ft.  6in.  in  diameter.  The  Lafayette,  which  is  the  largest  steamer 
ever  built  in  Greenock,  is  a  sister  vessel  to  the  Washington,  launched  in  June.  A  third 
steamer  in  course  of  construction  on  the  Clyde  for  the  company's  line  will  be  ready  in 
December,  while  five  other  equally  large  steamers  are  being  built  by  Messrs.  Scott,  with 
French  workmen,  at  St.  Nazaire.  Messrs.  Swan  and  Co.,  of  Maryhill,  have  launched  the 
Andalusia,  a  screw  of  400  tons,  built  for  Messrs.  Modes,  Munro,  and  Co.,  and  a  consort 
for  the  Colina,  lately  completed  tby  the  same  firm.  Both  steamers  are  intended  for  the 
Spanish  trade.    The  Andalusia  is  now  receiving  engines  by  Messrs.  Forrest  and  Barr. 

The  Sceew  Steamee  "Beateice,"  above  referred  to  built  and  engined  by  Messrs. 
M'Nab  and  Co.,  in  her  trial  trip  ran  the  lights  of  the  Clyde  at  a  speed  of'10|  knots. 

The  Sceew  Steamee  "  Makia  Pia,"  built  by  Messrs.  John  Reid  and  Co.,  Port  Glasgow, 


for  the  Lusitania  Steam  Navigation  Company,  Lisbon,  having  had  her  machinery  fitted 
on  board  by  Messrs.  M'Nab  and  Co.,  Greenock,  recently  underwent  her  trial  trip,  and  ran 
the  distance,  between  Greenock  and  Knock  Castle,  at  a  speed  of  12  knots  per  hour. 

TELEGRAPHIC  ENGINEERING. 

The  Telegeaeh  Cable  feom  Algeeia  to  Spain. — It  is  stated  in  '  the  Annates- 
Tefegraphiques,  that  the  French  Government  has  arranged  with  Messrs.  Siemens  and 
Halske,  of  Berlin  and  London,  for  the  supplying  and  laying  of  a  telegraphic  cable  between 
Oran  and  Carthagena,  or  another  port  on  the  coast  of  Spain.  This  distance  is  about  103 
nautical  miles,  the  greatest  depth  about  1420  fathom*.  The  cable  will  be  a  fac-simile  of 
the  one  exhibited  by  Messrs.  Siemens  at  the  International  Exhibition,  1862. 

Peesian  Gulf  Telegraph. — On  the  19th  ult.  her  Majesty's  ship  Tweed,  laden  with 
the  last  consignment  of  the  telegraphic  cable  about  to  be  laid  down  over  a  length  of 
1200  miles  from  the  mouth  of  the  Persian  Gulf  along  the  sea  coast  to  Mekro,  left  the 
works  of'Messrs.  Henley  and  Co.,  the  contractors  and  manufacturers,  at  North  Woolwich. 

The  Electric  Telegeaph  Company's  'submarine  communication  with  the  Isle  of 
Man  has  been  restored,  and  messages  can  now  be  forwarded  to  Douglas,  Peel,  and 
Ramsey. 

RAILWAYS. 

Great  Western  Railway. — It  appears  that  the  directors  of  this  company  are  about 
allotting  to  the  shareholders,  in  rateable  proportion  to  their  holding,  4J  per  cent,  per- 
petual irredeemable  preference  shares  to  the  amount  of  £1,227,562.  They  state  that  it 
will  not  create  any  fresh  or  additional  charge  upon  the  revenues  of  the  company,  being- 
issued  in  substitution  of  monies  borrowed  from  bankers  and  others  in  the  form  of  tem- 
porary loans,  renewable  at  short  periods.  Though  the  state  of  the  money-market  and 
the  credit  of  the  company  have  enabled  the  directors  to  borrow  this  money  at  4  or  4|  per 
cent.,  yet  the  commission  and  other  expenses  of  frequent  renewals  have  increased  the 
yearly  charge  to  an  amount  more  than  equal  to  4J  per  eent.  So  then,  when  taken  up  as 
proposed,  the  interest  payable  upon  that  amount  will  be  rather  less  than  it  has  hitherto 
been,  and  the  company  will  thus  be  secured  against  all  contingencies  in  respect  thereof. 
The  allotment  will  be  in  the  proportion  of  one  new  share  of  £10  for  every  £100  ordinary 
stock  or  shares  in  the  company.  The  shares  will  be  treated  in  respect  of  dividend  as 
fully  paid  up  from  the  29th  ult.,  being  equivalent  to  a  bonus  of  £2  per  cent.  A  discount 
at  the  rate  of  4£  per  eent.  per  annum  is  to  be  allowed  on  any  instalments  paid  in 
advance. 

The  Ea.st  Indian  Railway  will  be  open  to  the  public  from  Delhi  to  Calcutta  on  the 
1st  of  February  next  at  the  latest,  with  the  exception  of  crossing  the  Jumna  at  Allahabad. 
Orders  have  already  been  given  for  compiling  the  new  time  tables,  and  for  making  the 
other  arrangements  requisite  for  the  increased  length.  As  a  temporary  measure,  the 
railway  will  either  have  a  pontoon  bridge  over  the  Jumna  or  a  steamer  to  convey  the 
traffic  across  the  river. 

The  Lyons  and  La  Ceoix  Rousse  Railwav. — In  a  paper  lately  read  before  the 
Paris  "  Soeifte"  des  Inge"nieurs  Civils,"  M.  Molines  gave  a  description  of  this  railway, 
from  which  the  following  is  an  extract: — The  total  length  of  this  railway  is  only  535 
yards,  on  an  incline  of  16  per  cent.,  being  a  height  of  85  6  yards.  Owing  to  this  enor- 
mous gradient,  the  trains  are  set  in  motion  by  means  of  stationary  engines  and  ropes 
winding  round  drums,  similar  to  the  arrangement  formerly  in  use  on  the  Liege  and 
Aix-la-Cliapelle  "  Seilebene."  Two  stationary  engines  of  150-horse  power  each  are  em- 
ployed, the  one  for  passenger  and  the  other  for  goods  traffic ;  they  have  two  cylinders,  no 
condensation,  and  uniform  expansion  ; — on  account  of  the  shortness  of  time  of  travelling- 
(three  minutes).  The  stroke  of  the  pistons  is  2  metres  (6ft.  7in.),  and  they  are  connected 
directly  with  the  drums,  the  diameter  of  which  is  14ft.  9in  ,  so  that  the  speed  of  the 
piston  is  about  half  that  of  the  rope.  There  is  a  "  directing  mechanism"  for  setting  the 
rope  properly  upon  the  drum,  and  there  are,  moveover,  two  steam  brakes.  The  feeding 
water  is  heated  by  the  exhaust  steam,  by  means  of  a  superheating  apparatus.  The  boilers 
are  tubular,  and  work  a  maximum  pressure  of  751b.  each  per  square  inch.  The  rope 
undergoes  a  tension  of  9  tons ;  it  is  made  of  cast  steel,  of  a  thickness  of  2iin.  t6  centi- 
metres), and  was  tried  at  a  strain  of  90  tons.  The  rolling  stock  consists  of  carriages  with 
two  floors,  holding  108  passengers  eaeh ;  they  are  furnished  with  an  improved  kind  of 
brake,  which  is  self-acting,  and  stops  the  train  at  once  in  case  of  the  ropes  being  broken. 
This  is  effected  by  an  arrangement  of  counterweights,  which  are  supported  by  springs 
and  balanced  while  the  rope  is  strained ;  but  when  the  rope  is  broken  they  fall  down  and 
produce  a  friction  sufficient  to  prevent  the  carriages  going  on. 

Ieon  Railway  Sleepees  have  been  adapted  on  the  railway  connecting  a  col- 
liery with  the  Couillet  Iron  Works,  near  Charleroi,  Belgium,  for  a  length  of  rail  of 
about  450  yards.  These  sleepers  are  made  of  H  shaped,  drawn  out  iron,  laid  down 
horizontally,  about  7in.  wide,  placed  under  the  rails  at  distances  of  3ft.  4in.  from 
centre  to  centre,  each  sleeper  having  a  length  of  8ft.  2in.  (2'5  metres),  while  the  rails 
themselves  are  of  the  usual  Vignole's  shape,  of  a  weight  of  about  251b.  per  foot;  the  weight 
of  the  sleepers  is  about  311b.  The  rails  are  fixed  on  the  sleepers  by  means  of  two  bolts, 
a  cushion  of  oak  being  laid  between  both,  in  order  to  render  the  connection  more  elastic, 
and  to  allow  of  tightening  the  bolts.  The  railway  on  which  these  sleepers  are  used  has 
a  gradient  of  1  in  100,  and  curves  of  less  than  320  yards  radius ;  it  is  travelled  upon  by 
four-wheeled  engines  of  20  tons  weight,  the  weight,  being  distributed  upon  the  rails  at 
the  rate  of  11  tons  on  the  fore  and  9  tons  on  the  hinder  axle.  The  sleepers  have,  answered 
remarkably  well  for  twelve  months,  as  shown  by  the  engineer's  returns. 

The  London  and  Beighton  Terminus  at  London-Beidge. — Operations  have  been 
commenced  by  the  London  and  Brighton  Company  for  the  accommodation  of  their  in- 
creasing traffic  at  London-bridge,  the  station  room  at  present  eiisting  there  being  found 
inadequate  for  the  purpose.  The  widening  of  the  main  line  leading  into  the  terminus  at 
London-bridge,  together  with  the  viaduct,  about  100  feet  wide  and  2000  feet  in  length,  lead- 
ing up  to  the  terminus,  has  been  commenced  by  a  large  body  of  workmen,  and  others  are 
engaged  in  demolishing  the  buildings  bought  by  the  railway  company  in  St.  Thomas- 
street,  Webb-street,  Broadway,  and  Maze-pond,  Bermondsey,  leading  up  to  the  Brighton 
terminus  and  International  Hotels.  Parallel  with  the  viaduct  a  new  street  will  be  con- 
structed between  300  and  400  yards  in  length,  leading  from  the  railway  station  into  Ber- 
mondsey.   There  will  be  shops  and  warehouses  underneath  the  viaduct. 

A  Geand  Teune  Railway,  1858  Miles  Long. — This  line  of  railway  starts  from 
Missouri,  passes  through  Kansas,  cross  the  Sierra  Navada  Mountains,  and  terminates 
at  tide  water  in  Sacramento,  California;  thus  opening  up  a  direct  railway  communication 
across  the  North  American  continent  from  the  Atlantic  to  the  Pacific  Oceans.  The  work, 
which  is  divided  into  three  sections,  has  been  commenced  at  both  ends,  and  in  a  short 
time  will  be  energetically  pushed  on  in  the  centre.  The  eastern  portion  has  been  taken 
by  a  Kansas  company,  and  already  the  line  has  been  graded  for  over  300  miles  from  the 
junction  of  the  Kansas  and  Missouri  rivers  going  west ;  and  by  the  end  of  the  present 
year,  if  labour  can  be  procured,  the  line  will  be  completed,  as  tar  as  the  earthworks  are 
concerned,  entirely  through  the  State  of  Kansas.  The  central  portion,  a  distance  of  about 
1000  miles,  is  the  most  difficult  part :  it  crosses  the  Sierras  at  Summit  Valley,  at  an  ele- 
vation of  7027ft.  above  tide  water  level  at  Sacramento  City,  but  the  line  has  been  so  laid 
out  that  the  steepest  gradients  do  not  exceed  105ft.  to  the  mile— a  rate  of  inclination 
several  feet  less  than  one  of  the  lines  passing  through  Virginia.  The  western  slopes  of 
the  great  mountain  range  have  presented  ms.ny  difficulties.    There  are  many  rivers  run- 
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ning  through  gorges  from  500  to  2000ft.  deep,  with  their  precipitous  slopes  varying  from 
perpendicular  to  an  angle  of  45  decrees.  To  avoid  these  the  surveyors  have  run  the  line 
alone  the  most  unbroken  ridges,  and  although*  somewhat  extending  its  length  will,  it  is 
Mud,  only  cross  one  river  (the  Little  Bear  river)  of  any  magnitude.  The  eastern  declivity 
is  not  so  difficult,  although  there  will  be  eighteen  tunnels  to  drive,  varying  from  300  to 
2000ft.  each.  Part  of  this  section,  or  about  155  miles,  will  cost  85,000  dols.  per  mile.  A 
special  chartered  company  has  been  formed  to  construct  this  central  portion,  called  the 
Pacific  Union  Company.  They  will  be  assisted  to  an  extent  of  about  350  miles  by  the 
Mormons,  should  it  be  decided  to  make  a  short  divergence  of  the  line,  so  as  to  pass 
through  Salt  Lake  City,  in  the  Utah  territory.  The  western  territory  is  being  constructed 
by  a  Californian  company.  They  have  already  completed  60  miles  of  the  road  at  th  - 
remento  end,  and  are  now  only  waiting  the  arrivals  of  the  metals  from  England  to  zet  i* 
into  running  order.  This  section  of  the  line  passes  through  heavily  wooded  fores! 
fir,  cedar,  pitch,  pine,  oak,  and  tamarac,  furni-hin?  cheap  and  ample  materials  for  sleepers, 
brirlges,  and  buildings.  The  capital  is  15,000,000  dollars,  the  estimated  traffic  returns  are 
,000  dols.  per  annum,  while  the  working  cost  is  not  to  exceed  1,000,000  dols.  It'  the 
work  can  be  done  within  these  figures,  and  their  estimated  returns  realised,  the  stock- 
holders may  anticipate  a  dividend  of  about  25  per  cent.  This  western  portion  of  the  line 
will  speedily  open  up  immense  mineral  wealth,  now  lying  dormant  for  want  of  transpor- 
tation. It  is  a  well-known  fact  that  there  is  at  the  present  time  large  quantities  of  low 
grade  silver  ore  being  thrown  aside  that  would  pay  for  returning  if  some  cheap  means 
of  carriage  to  the  coast  could  be  obtained,  beside  rich  lead  and  copper  mines  in  abund- 
ance.   The  cost  of  the  entire  line  will  amount  to  90,000,000  dols.,  or  £10,974  per  mile. 

RAILWAY  ACCIDENTS. 

Railway  Accidext  i>-  SpArjr.  —A  serious  accident  has  occurred  on  the  railway  from 
Barcelona  to  Granollers.  The  bridge  thrown  over  the  Hahern  having  been  undermined- 
by  the  violence  of  the  torrent,  which  had  been  considerably  increased  by  the  heavy  rain, 
had  sullenly  given  way  during  the  passage  over  it  of  a  railway  train  coming  from  France, 
composed  of  nine  carriages.  The  locomotive  and  seven  carriage;  were  thrown  into  the 
river,  causing  a  very  heavy  loss  of  life. 

Railway  Accipext  at  Port  Glasgow. — On  the  morning  of  the  9th  ult.,  while  the 
Belfast  mail-train,  which  had  been  detained  behind  its  usual  time,  was  leaving  Port 
Glasgow  station  un  its  way  from  Greenock  to  Glasgow,  a  goods  engine  with  break- 
van  attached  came  up  at  a  great  speed  and  dashed  into  the  hindermost  carriage  of  the 
train.  There  were  seven  persons  in  the  carriage  at  the  time,  one  of  whom  was  killed, 
the  rest  being  more  or  less  seriously  injured. 

Collisiox  at  Kexsixgtox  Statiox,  Loxoox. — An  accident  took  place  on  the  night 
of  the  11th  ult.,  about  twenty  minutes  past  seven  o'clock,  jost  outside  the  Kensington 
Station  of  the  West  London  Railway  Extension.  It  appears  that  as  the  London  and 
Brighton  train,  which  leaves  Kensington  at  7.1  <  p.m.,  was  in  the  act  of  issuing  from  the 
station,  a  few  minutes  behind  its  proper  time,  and  while  it  was  proceeding  on  a  portion 
Of  the  raiU  common  to  the  Brighton  and  South- Western  trains,  it  was  run  into  by  the  ' 
S  juth-Western  train,  which  left  C'lapham  Junction  at  7.10  p.m.,  the  latter  being  due  at 
the  Kensington  Station  a  few  minutes  before  the  collision  took  place.  The  two  trains 
were  both  running  at  a  slow  rate  of  speed,  the  two  engines  ran  into  each  other  with 
a  crash,  throwing  the  passengers  from  their  seats. 

Collision  ox  the  Gbbai  Xoutiikbx  Railway. — A  collision  occurred  on  the  evening 
of  the  1st  ult.,  about  nine  o'clock,  at  the  Huntingdon  station   of  the  Great  Noi 
Railway,  between  an  express  and  a  coal  train  which  resulted  In  a  smash  of  the  coal  train, 
and  the  strewing  of  the  line  with  broken  trucks  and  tons  of  coal.     The  up  coal  train,  it 
appears,  arrived  at  the  station  about  nine  o'clock,  and  was  followed  by  the  up  Hal 
ter  express,  which  is  doe  at  this  station  a  tew  minutes  before  nine,  and  which  usually  , 
panes  by  without  stopping.     On  this  occasion  when  the  express  train  turned  the  curve  of  I 
the  line  about  a  mile  and  three-qnarten  distant,  in  sight  of  the  station,   the  distant 
Signal  showed  danger,  and  the  driver  in  consequence  shut  off  his  steam  and  allowed   his 
train  to  approach  slowly— in  fa  came  to  a  -tand;  but  perceiving  the  near 

-lik-ht  in  his  favour,  he  put  on  his  steam  with  the  Intention  of  passing  the  station 
on  hie  Journey.     The  train  hail  only  arrived  at  a  few  yards  beyond  or  a:    the  end   of  the 
middle  platform  when  it  came  into  collision  with  the  coal  train,  which  ha  I  n 
shun'  -ion  was  that  the  break-van  of  the  coal  train 

engine  of  thl  mode 

expressly  for  the  Orcat  Northern  lor  running  long  I  I  ui'.'d  our  the  wheels  of 

the  break-van,  and  those  wheels  were  lirmly  Jammed  beneath  it.    The  broken  frag  I 

.  .1-trucks  and  I  about  the  line  lor  a  considerable  dil 

forcwheeK  of  the  engine  of  thi  .  appeared  to  be  the  only  wheels  of  that  train 

not  in  their  place  on  the  i. 

Accidext  ox  tnr.  Ibisii  NosTB-Wsraai  Uulway.— An  led  Ingin  the 

injury  of  several  parties,  happened  on  the  sbeva  line  of  railwa' 
Dcrry  at  oie  10th    nit.     The    train    proceeded   as   usual,    and    r 

Fintona,  which  it  left  at  i  I  I      i  b    train  hut  a  short  distance   \m 

and  train  ran  off  the  line,  and  fell  over  a  pi     ipl  D  ith  I  Ogine  an  i  i  I 

l  by  the  accident,    Portnnately,  no  lives  were  lost,  hut  the  en 
driver  was  much  injured.    The  stoker  was  also  severely  bruised. 
Comsunri  >r  Hi  itow  Chapbx   •  Bbtdos.— A  collision,  attended  with 

ipel,  on  the  23ro  alt.    Tie 
•had  reached  tee,  and  while  ■tending 

A  fatal  ■ 

ii  nigh, 
rain, by  some i  rnmona  portion,  to  wo 

thlrd-cla  ■  carriage,  with  -  ime  drovers,  n,  run  into  bj  a  goods  train  from    I 

\.  |  tnrxr  ox  Tur.    NoitK-EaStBM    Kaii.wiv  b  aim  of  the 

•  ll  and  nine  o'clo  :.   In  the  iiiorii- 

I  caused  considerable  damage  • 
warehouse,  which  is  adjacent  to  the  station. 

BOILER  EXPLOSIONS. 

Misr  ursTKit  AssoniTiox  roi  i«  BotLI      I 
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this  was  prevented  in  the 
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leas 

1,  w 

one 

person  was  killed  and  two  others  injured,  happened  to  an  agricultural  boiler,  while  at 
work  at  a  farm,  driving  a  thrashing  machine.  The  boiler,  which  was  about  twelve  years 
old,  was  a  portable  one,  of  the  multitubular  locomotive  type,  and  was  worked  at  a 
pressure  of  about  401b.  per  square  inch.  It  was  stated  at  the  inquest  that  the  safety 
valve  worked  freely,  and  that  there  was  a  due  supply  of  water,  the  explosion  being  at- 
tributed entirely  to  a  defective  plate  in  the  fire-box,  which  had  been  eaten  away  by  corro- 
sion, until  reduced  to  one-sixteenth  of  an  inch  in  thickness.  This  plate  had  been 
previously  repaired,  and  at  the  time  of  the  explosion  was  cracked  through,  and  though 
it  had  for  some  days  been  leaking  in  consequence,  had  yet  been  worked  on  in  that  state. 
The  owner  of  the  boiler  was  brought  in  guilty  of  manslaughter,  the  jury  adding  that 
they  thought  the  appointment  of  a  Government  inspector  to  be  highly  necessary.  No. 
32  explosion  occurred  to  a  new  Balloon  or  Haystack  boiler  during  the  operation  of  testing 
at  the  maker's  yard.  It  had  not  been  constructed  for  raising  steam  for  purposes  of  power, 
but  was  intended  to  be  used  as  a  chemical  evaporating  pan  or  still.  The  boiler — as 
another  of  similar  construction  and  dimensions  had  recently  been — was  proved  with 
steam,  in  order  to  test  the  tightness  of  the  joints.  The  pressure,  which  appears  to  have 
been  about  501b.,  being  raised,  not  by  generating  the  steam  within  it  by  means  of  a  fire 
underneath,  but  by  communication  with  another  boiler  in  work,  to  which  it  was  tem- 
porarily connected  for  the  purpose.  Some  five  or  six  men  were  engaged  upon  it  in 
caulking  the  seams  at  the  time  of  the  explosion,  four  of  whom  were  blown  to  a  distance 
from  it;  one  of  them,  who  was  killed  upon  the  spot,  being  thrown  upon  the  roof  of  a 
house  abont  forty  yards  off,  while  two  others  died  subsequently  from  the  injuries  re- 
ceived. The  boiler  was  laid  upon  its  side  dnring  the  test,  and  gave  way  at  the  bottom, 
which  was  blown  out  entire,  and  thrown  upon  a  roof  about  10ft.  high  and  13  yards 
distant,  the  shell  rearing  up  on  its  dome  end  and  remaining  in  that  position  supported 
by  a  shear  leg.  Its  dimensions  were  as  follows  :— The  height  was  lift. ;  the  dome,  from 
the  appearance  of  which  the  term  Balloon  boiler  probably  arose,  was  9ft.  3in.  in  diameter, 
and  the  base  8ft.  9in.,  while  the  cylindrical  sides  were  drawn  in  to  7ft.  9in.  in  the  waist. 
The  bottom,  like  that  of  a  bottle,  was  concave,  as  is  visual  in  these  boilers,  and  rose  lsin. 
at  the  centre,  in  order  to  enable  it  to  resist  the  downward  pressure,  being  connected  to 
the  sides  of  the  shell  by  a  3-in.  angle  iron,  half  an  inch  thick.  The  plates,  which  were 
from  seven-sixteenths  to  half  an  inch  in  thickness  throughout,  were,  some  of  them, 
second-hand,  those  forming  the  dome  being  new,  the  remainder  having  been  used  in  a 
boiler  before.  They  had  however  been  worked  to  their  new  shape,  their  edges  sheared, 
and  the  holes  punched  afresh.  The  rivets,  which  were  three-quarters  of  an  inch  in 
diameter,  were  centred  from  one  and  seven-eighths  to  two  inches  apart,  and  the  general 
workmanship  appeared  satisfactory.  The  rent  between  the  bottom  and  sides  of  the 
boiler  had  occurred,  for  the  most  part,  at  the  lower  ring  seam  of  rivets  in  the  cylindrical 
portion  of  the  shell,  but  not  altogether  so,  some  portion  of  the  rent  running  through  the 
rivet  holes  at  the  outer  edge  of  the  circular  bottom  plate;  while,  from  the  upward  posi- 
tion in  which  the  latter  was  thrown  by  the  explosion,  it  appeared  most  probable  that  the 
rent  had  commenced  at  that  part  of  the  boiler  which  lay  nearest  the  ground  at  the  time 
of  the  explosion,  and  thus,  from  the  position  of  the  fractures,  must  have  started  at  the 
cylindrical  part,  and  not  at  the  bottom  plate.  The  reason  of  this  is  not  very  apparent, — 
since  there  were  two  other  ring  seams  of  rivets  in  the  cylindrical  portion  of  the  boiler 
which  were  quite  uninjured,  although  subjected  to  the  same  direct  pull,  which,  alter 
allowing  for  the  rivet  holes,  did  not  amount  to  two  tons  per  square  inch  of  metal ;  added 
to  which,  the  longitudinal  strain  thrown  upon  these  circular  seams  in  cylindrical  boilers, 
is  only  half  of  that  which  occurs  in  the  transverse  direction,  so  that  it  is  difficult  to 
account  for  the  rent  selecting  the  lower  ring  scam  of  rivets,  or  indeed  for  its  occurring  at 
all.  Whether,  however,  the  rent  in  question  was  due  to  some  undetected  flaw  in  the  iron, 
or  whether  the  plates  ha/1  been  crippled  in  being  brought  together,  which  is  too  fre- 
quently the  case,  or  whether  an  unfair  strain  was  caused  bj  the  springing  of  the  bottom 
plate,  which,  although  arched  eighteen  Inches  in  tic  centre,  was  yetflal  as  compared  with 
the  hemispherical  top,  or  whatever  may  have  been  the  cause  that  started  the  rent,  one 
thing  is  certain,— that  the  application  of  the  hydraulic  lest  would  have  detected  and 
exposed  the  weakness,  prevented  the  explosion,  and  saved  the  three  lives. 

Boilhi  F.xi-losiox  at  Abbboath. — A    boiler    explosion,   causing  three  deaths,  took 

place  on  the  2nd  ult.,  at  the  small  flax  spinning  mill  in    Humc-strcet  belonging   in  Mr. 

John  Findlay.    The  mill  is  a  one-storied  building  Dear  the  line  of  the  railway,  the  boiler- 

Dg  a  little  out  towards  the  street,  which  is  narrow.     The  work  is  situated  in 

the  very  centre  of  the  mill  district  ol'  the  town.     The  explosion  occurred  about   seven 

minutes  before  six  o'clock,  the  steam  having  been  newly  got  up,  but  the  machinery  not 

being  then  in  motion.     At  thai  hour  a  large   nunv  cr  of  workpeople,  among  them  many 

girls,  were  passing  along  Home-street  to  their  employment  in  the  adjacent  works,  anil 

one   of   the    girls  was  killed  on   the  spot,  and  two  others    received  injuries  so  severe 

that  they  died  daring  the  day.     The  boiler  which  explodl  I  ing,  and  Bit.  Gin. 

line,  and  was  wiiat  is  known  as  a  t'ornish  boiler,  and  was  tilted   up  about   eight   or  nine 

go   le.    laessrs.  Qonrlay  and   Mudie,  of  Dundee.     It  was   made  of  the  best   iron. 

and  then  ean  be  do  question  as  to  the  excellence  of  the  metal  originally.    Until  a  short 

the  explosion,  the  boiler  was  employed  to  drive  an  engine  of  10  horse-power. 

At  that  time  Mr.  Findlay  got  OS  -power,  which   has  been  Used  only  up  l 

16  and  2"  hone-power.     The  boiler  was  at  the  same  time  overhauled,  tiie  top  part 
'he  same  plate  as  finally  burnt — had  been   repaired  on  a  former  oocs 
■he  boiler  remained  entire,  and  was  scarcely  shifted  from  Its  position.    The 
w.re  on  broken,    The  crown  of  1 1  >  -  tube 

was  burnt  downward-,  and  fragments  of  Hie  plate,  which  showed  a  bad  fracture,  and 
was  slightly  laminated,  aud  which  was  6-16ths  of  an  inch  thick,  along  with  toe  (hi 
d';or  and  bar-,  were  blown  Into  ' 
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shafts  for  the  down  and  return  air,  and  is  always  worked  with  locked  safety  lamps.  The 
explosion  occurred  about  half-past  ten  in  the  morning.  There  were  about  400  men  in  the 
pit  at  the  time,  but  the  effect  of  the  explosion  was  confined  to  the  Old  Mine  Foot  Vein, 
where  43  men  and  boys  were  at  work. 

GAS    SUPPLY. 

Production  and  Generation  of  Gas. — Mr.  J.  C.  Jeffcott,  of  Cork,  has  patented 
;some  improvements  in  the  production  and  generation  of  gases,  and  also  in  apparatus 
connected  therewith.  The  object  sought  to  be  obtained  in  the  production  and  generation 
of  gases  by  the  invention  consists  chiefly  of  utilising  the  heat  not  used,  or  which  escapes 
without  being  used,  in  steam  or  other  furnaces  and  fire-places  of  every  description.  The 
means  to  do  this  consists  of  introducing  into  or  placing  within  the  furnaces  or  fire-places 
vessels  of  various  forms,  according  to  the  construction  of  said  furnaces  or  fire-places,  so 
as  that  the  said  heat  may  be  used;  these  vessels,  retorts,  or  chambers  must  be  formed 
and  placed  and  correspond  with  the  form  of  the  furnaces  or  fire-places  now  in  use,  or  to 
be  used  for  this  or  other  purposes.  The  form  to  be  generally  used  will  consist  of  a  retort 
or  retorts  to  be  placed  lengthways  or  at  the  sides,  or  as  may  best  suit  the  fire-bars  of  the 
different  fire-places ;  these  retorts  or  other  vessels  will  have  mouth-pieces  or  other  close 
covers,  so  as  to  be  air-tight,  and  through  these  mouth-pieces  or  covers  are  to  be  intro- 
duced the  animal,  vegetable,  or  mineral  substances  from  which  the  different  gases  are  to 
be  obtained,  by  their  cohesiveness  being  destroyed  by  the  heat  before  referred  to,  and  not 
hitherto  used  for  that  purpose.  The  gases,  after  being  set  free  in  the  retorts,  chambers, 
or  other  such  vessels,  are  then  conducted  by  pipes  in  the  way  usually  done,  and  applied 
to  and  for  the  different  purposes  for  which  they  are  now  used.  He  likewise  claims  to  be 
the  inventor  of  a  new  description  of  furnace  for  these  purposes,  to  be  entirely  composed 
of  wrought  or  cast  metal,  and  this  consists  of— first,  a  fire-place,  with  fire-bars  on  which 
the  combustibles  or  heating  substances  are  to  be  placed,  the  chamber,  retorts,  or  vessels 
for  holding  the  different  materials  rich  in  the  different  gases ;  these  chambers,  retorts,  or 
other  vessels  to  have  the  mouth-pieces  for  introducing  the  substances  to  be  used,  and 
then  another  casing  to  be  placed  over  the  entire,  so  that  the  heat  may  be  prevented  from 
escaping  when  the  gases  are  disengaged,  to  be  conducted  by  pipes  in  the  usual  manner. 
Lastly,  Mr.  Jeffcott  purposes  a  new  system  of  lighting  and  heating  railway  carriages,  and 
the  different  railway  stations  along  the  different  lines ;  he  effects  this  by  an  apparatus 
first  composed  of  a  cast-iron  or  clay  retort  placed  in  the  furnaces  of  the  locomotive,  and 
the  gas  obtained  from  coals  and  distilled  in  the  retort  by  the  heat  of  the  fire  then  being 
used  for  generating  steam  is  conveyed  by  pipes  or  tubes  composed  of  metallic  substances, 
or  of  India  rubber,  gutta  percha,  or  other  flexible  materials,  to  the  tank  and  gasholder 
containing  the  purifying  water,  as  aforesaid,  attached,  annexed,  or  placed  near  the  engine ; 
it  is  then  conveyed  by  tubes  or  piping  to  the  carriages,  and  by  the  action  of  the  gas  when 
ignited  on  metallic  plates,  or  the  agency  of  a  gas  stove,  the  compartments  of  the  car- 
riages are  heated  and  lighted.  On  the  arrival  of  the  engines  at  the  stations  along  the 
line  the  gas  already  distilled  and  placed  in  the  gasholder  attached  to  the  engine,  as  afore- 
said, is  conveyed  by  pipes  to  a  gasholder  erected  at  the  station,  when  it  is  ready  for  use. 

Gas  at  Nottingham. — The  prospectus  of  a  limited  Nottingham  and  District  Gas 
Consumers'  Company  has  been  issued.  The  capital  will  be  £100,000,  in  £10  shares,  de- 
posit 10s.  a  share.  The  company  has  been  projected  by  large  consumers  for  the  purpose 
of  supplying  the  town  of  Nottingham  and  the  surrounding  district  with  gas  of  a  purer 
and  more  brilliant  character,  and  better  adapted  for  manufacturing  and  domestic  pur- 
poses, than  that  hitherto  supplied ;  and  at  as  low  a  charge  as  is  attainable  by  the  adoption 
of  the  most  recent  improvements  in  its  manufacture,  and  consistent  with  a  fair  return 
for  the  capital  employed.  Calculations  have  been  made  that,  charging  for  gas  at  a  great 
reduction  on  the  present  scale,  a  dividend  of  £8  per  cent,  will  be  realised  upon  the 
shares ;  and  although  the  maximum  rate  allowed  by  Parliament  is  £10  per  cent.,  it  is 
proposed  to  pay  all  money  beyond  £S  per  cent,  in  aid  of  such  rates  in  the  town  as  may 
be  afterwards  determined  upon. 

Large  Gas-holder  at  the  City  Gas  Works. — For  some  time  past  numerous  work- 
men have  been  engaged  in  erecting  a  vast  gas-holder  at  the  premises  of  the  City  of 
London  Gas  Company,  Whitefriars.  It  is  a  three-light  gas-holder,  and  has  (except  the 
painting)  lately  been  completed.  The  works  connected  with  it  have  been  carried  out  by 
Messrs.  Westwood  and  Wright,  of  Dudley,  gasholder  builders.  When  full  it  is  of  the 
great  height  of  100ft.  (the  highest  ever  built).  Messrs.  Westwood  and  Wright  are  now 
engaged  in  constructing  extensive  works  at  Para,  in  Brazil,  which  are  rapidly  progressing. 

Treating  Gas  obtained  from  Coal  and  Mineral  Oils. — Mr.  J.  Leigh  proposes  to 
subject  the  gas  obtained  in  the  distillation  of  coal,  cannel,  bituminous  shale,  boghead 
minerals,  oils,  petroleum,  or  other  combustible  substances,  to  the  action  of  nitric  acid, 
or  of  a  mixture  of  nitric  and  sulphuric  acids,  by  which  nitro-benzole,  and  other  compounds, 
are  obtained,  and  certain  substances  removed  from  the  gas  employed.  For  this  purpose, 
there  is  introduced  into  a  series  of  earthenware  vessels,  arranged  in  the  form  of  Woulfe's 
bottles,  a  quantity  of  fuming  nitric  acid,  or  a  mixture  of  nitric  and  sulphuric  acids,  and 
through  this  is  pressed  a  current  of  gas  produced  from  any  of  the  substances  named,  con- 
tinuing the  operation  so  long  as  any  action  is  exerted  by  the  acids  upon  the  gas.  When 
the  operation  is  completed,  the  nitro-benzole  is  removed,  and  other  products  separating 
themselves  from  the  acid  liquid ;  this  may  be  employed  for  purposes  where  weak  nitric 
acid,  or  a  mixture  of  it  and  oxalic  acids,  are  required.  This  process  may  be  used  for  the  for- 
mation of  the  products  of  the  action  of  the  gases  upon  the  acids,  alone ;  but  where  the  puri- 
fication of  the  gases  is  desired  for  the  purposes  of  illumination,  it  is  preferred  to  use  fuming 
nitric  acid  alone,  which  removes  from  the  gases  certain  constituents  that  render  them  more 
liable  to  give  off  smoke  in  their  combustion,  whereby  the  odour  of  the  gas  is  improved. 
In  the  process,  a  quantity  of  acid  vapour  is  mechanically  carried  forward  with  the  gas, 
and  this  may  be  brought  into  contact  with  alkalies,  or  mineral  salts,  capable  of  removing 
it  from  the  gases.  Where  a  mixture  of  nitric  acid,  and  of  rectified  sulphuric  acid  is  em- 
ployed, it  is  preferred  to  use  one  part  of  nitric  to  two  parts  of  sulphuric  acid,  and  when 
fuming  nitric  acid  is  used,  the  strongest  is  preferred. 

Illuminating  Powee  of  the  Gas  Supplied  bt  the  Paeis  Gas  Company. — The 
Paris  Gas  Company  is  bound,  according  to  its  contract,  to  supply  a  gas  with  the  illumi- 
nating power  such  that  the  consumption  of  0'88  or  the  maximum  specified  0-98  of  a 
cubic  foot  under  a  pressure  of  one-tenth  of  water,  should  give  as  much  light  as  154  grains 
of  purified  colza  oil  burnt  during  the  same  time  in  a  careel  lamp  regulated  to  consume 
648  grains  of  oil  per  hour.  From  the  1st  of  April  to  the  30th  of  June  of  the  present 
year  the  result  of  the  daily  tests  gave  an  average  consumption  of  0'85  of  a  cubic  foot  of 
gas  to  154  grains  of  oil ;  the  company  thus  supplied  during  that  period  a  gas  whose 
illuminating  power  was  above  the  maximum  required  by  the  contract. 

DOCKS,  HARBOURS,  BRIDGES,  &c. 

Large  Swing-Bridge  foe  Bailway  and  Ordinary  Traffic  at  Hull.— Messrs. 
Grissell,  of  the  Eegent's  Canal  Ironworks,  have  obtained  the  contract  for,  and  just  com- 
menced the  erection  of,  an  immense  swing-bridge,  of  peculiar  design  and  massive  pro- 
portions, at  Kingston-upon-Hull.  The  bridge  is  intended  to  span  the  river  Hull  at  points 
very  near  to  the  citadel  and  garrison  of  the  town,  and  the  extensive  shipbuilding  and 
engineering  establishment  of  Messrs.  Samuelson.  It  is  to  consist  of  one  principal  open- 
ing of  100ft.  and  a  smaller  one  of  38ft.  The  superstructure  of  the  raincipal  opening  will 
be  carried  back  landwards,  and  is  to  be  made  to  swing  or  open  by'  aid  of  powerful  me- 
chanism. It  will  be  supported  by  an  abutment  on  the  eastern  bank  of  the  river,  and, 
when  closed,  by  two  cast-iron  cylinders,  also  sunk  into  its  bed.   The  superstructure  of  the 


smaller  opening,  which  will  not  be  moveable,  will  also  be  supported  by  the  same  cylinders 
and  a  western  abutment.  Both  abutmenfa  will  rest  on  foundations  of  pilework  and  con- 
crete, and  will  consist  principally  of  brickwork,  with  stone  copings.  The  hollow  in  the 
eastern  abutment  will  be  filled  in  with  concrete,  as  will  the  cylinders  themselves.  The 
traffic  portion,  or  upper  face  of  the  bridge,  will  comprise  an  ordinary  roadway,  a  tram- 
way, and  two  footpaths,  and  the  total  width  over  all  will  be  40ft.  The  roadway,  tramway, 
and  footpaths  will  be  carried  over  the  principal  opening  by  two  main  wrought-iron 
girders,  which  will  be  continued  back  landwards.  The  roadway,  tramway,  and  footpaths 
are  to  be  carried  over  the  side  opening  by  two  smaller  main  wrought-iron  girders.  The 
roadway  and  tramway  platforms  will  pass  in  between  the  main  girders,  and  be  supported 
on  wrought-iron  cross  girders.  These  latter  will  project  on  either  side  beyond  the  main 
girders,  for  the  purpose  of  carrying  the  footpath  platforms.  Railway  and  roadway  trams 
will  be  laid  on  the  bridge,  and  fencings,  or  parapets,  of  wrought-iron  will  protect  the 
outsides  of  the  footpaths.  For  the  purposes  of  opening  and  shutting,  the  two  larger 
main  girders  will  be  bolted  to  an  upper  roller  frame,  turning  round  'a  central  pivot,  and 
which  rests  again  on  rollers  working  in  a  live  ring  on  the  ends  of  radial  bars.  The  radial 
bars  themselves  will  be  connected  to  and  will  work  round  the  central  pivot,  fixed  on  a 
lower  roller  frame,  upon  and  around  which  the  rollers  run.  This  lower  frame  will  be 
bolted  to  stone  blocks  resting  on  the  eastern  abutments.  Dwarf  walling  is  to  be  erected 
around  and  within  the  space  occupied  by  the  bridge  when  opened  for  the  navigation  of 
the  river,  and  the  space  is  to  be  also  pitched.  Fender  pilework  and  dolphins  will  be  con- 
structed so  as  to  protect  the  eastern  abutment,  the  cylinders,  and  the  bridge  itself  from 
injury  by  shipping,  or  craft  of  a  lesser  kind.  The  gnn  metal  bearings,  in  which  the 
massive  rollers  of  solid  wrought-iron  will  turn,  is  to  be  composed  of  a  hard  mixture  accru- 
ing from  the  following  materials :— Copper,  84  parts;  tin,  13  parts;  and  zinc,  3  parts. 
The  construction  will  be  known  as  the  Hull  South  Bridge.  It  is  to  be  completed  within 
eighteen  months  from  its  commencement.  The  Hull  South  Bridge  Company  are  the 
promoters  of  the  work,  but  as  the  garrison  will  derive  considerable  advantage  from  its 
existence,  the  Government  bears  a  share  of  its  cost. 

New  Bridge  in  Deeky. — This  new  bridge  has  been  opened  by  the  Lord  Lieutenant 
of  Ireland.  The  site  is  about  250  yards  south-west  of  that  occupied  by  the  wooden  one. 
The  new  bridge  is  1172ft.  in  length,  30ft.  wide,  and  consists  of  six  principal  openings — 
119ft.  each — a  double  swing  bridge,  spanning  two  openings  of  454ft.  each,  and  two 
subordinate  openings,  62ft.  each,  landwards — one  on  each  side  of  the  river.  The  piers 
for  the  principal  openings  are  each  composed  of  two  cylinders,  lift,  in  diameter,  and 
24ft.  apart,  from  centre  to  centre.  The  pier  for  the  swing-bridge  is  composed  of  seven 
cylinders,  each  8ft.  in  diameter,  sunk  into  the  bed  of  the  river,  and  all  enclosed  in  one 
large  cylinder,  30ft.  in  diameter.  The  cylinders  are  all  filled  in  with  concrete.  The 
principal  openings  are  spanned  by  large  girders,  placed  transversely,  24ft.  apart,  resting 
on  granite  blocks  imbedded  in  the  concrete  contained  in  the  cylinders.  The  bridge  is  a 
double  one,  the  lower  level  being  constructed  for  the  transit  of  railway  carriages,  to  be 
drawn  across  by  horses,  and  the  upper  one  being  designed  for  ordinary  traffic.  The  upper 
roadway  is  20ft.  wide,  divided  down  the  centre  into  two  channels  by  the  water  tables ;  on 
either  side  of  the  carriage-road  is  a  pathway  5ft.  wide.  The  height  of  the  railroad  part 
over  low  water  mark  is  14ft.,  and  the  depth  of  water  at  high-tide  under  the  swing-bridge 
is  33ft.    The  bridge  is  of  iron. 

MINES,  METALLURGY,  &c. 

On  the  Separation  of  Lead  and  Antimony;  (Bead  at  Newcastle,  at  the 
British  Association  Meeting,  by  Dr.  T.  Biohardson). — In  the  metallurgical  treatment 
of  lead  ores,  a  certain  proportion  of  the  lead  remains  mixed  with  the  impurities  of  the 
ore,  in  the  form  of  slags.  AVhen  these  slags  are  smelted  in  the  ordinary  hearth,  a  hard 
lead  is  obtained,  the  hardness  of  which  is  generally  due  to  the  presence  of  antimony. 
Previous  to  1840,  these  slag  leads  were  with  difficulty  sold  by  the  smelters  at  a  lower 
price  than  soft  lead,  but  in  that  year  I  introduced  at  Blaydon  the  process  of  softening  or 
calcining  these  leads,  by  which  plan  95  per  cent,  and  upwards  of  good  soft  lead  was 
obtained,  and  the  dross  produced  was  afterwards  reduced,  yielding  a  very  hard  lead.  The 
calcining  process  consists  in  exposing  the  hard  lead,  in  a  melted  state,  to  a  current  of  hot 
air,  when  the  antimony,  with  a  certain  quantity  of  lead,  becomes  oxidised,  and  this  dross 
floats  on  the  surface  of  the  melted  lead,  whence  it  is  skimmed  off  from  time  to  time. 
The  soft  lead  is  then  run  off  and  ladled  into  moulds.  The  dross  is  reduced  in  the  ordi- 
nary manner ;  but  I  have  found  that,  by  mixing  a  small  quantity  of  alkali  with  the  dross, 
the  heat  may  be  reduced  and  a  better  produce  is  obtained.  The  hard  lead  obtained  from 
this  reducing  process  can  be  treated  in  the  same  way  as  the  original  slag  lead,  but  a  much 
longer  time  is  required  to  effect  the  removal  of  the  antimony,  and  the  produce  of  soft 
lead  falls  as  low  as  50  to  60  per  cent.  The  following  analyses  illustrate  the  changes 
which  take  place  in  the  hard  lead  by  these  operations : — 
English  Hard  Leads. 
Original  Lead.    1st  Calcination.    2nd  Calcination. 

Lead  9927 

Antimony 0'57 

Copper  012 

Iron    004 


100-00 


86-53 

52-84 

11-29 

47-16 

0-34 

traces. 

98-16 


100-00 


Soon  after  the  commencement  of  the  calcining  operation  at  Blaydon,  a  quantity  of 
hard  lead  was  imported  from  Spain,  and  the  late  Mr.  Burnett,  by  my  advice,  submitted  it 
to  this  softening  process,  but  he  found  that  the  usual  brick  furnace  could  not  be  made  to 
retain  the  lead  after  it  was  melted.  He  then  employed  a  cast  iron  pan,  built  into  the 
brick  furnace,  and  this  simple  arrangement  was  perfectly  successful.  The  foundation 
was  thus  laid  for  the  extraordinary  trade  in  Spanish  hard  leads  which  is  carried  on  to  so 
great  an  extent  in  Spain,  France,  and  England.  The  Spanish  hard  lead,  when  submitted 
to  a  similar  treatment  to  that  already  described,  furnishes  the  following  analytical 
results : — 

Spanish  Sard  Lead. 
Original  Lead.    1st  Calcination.    2nd  Calcination. 

Lead  9581        6*98        56'60 

Antimony 366        29'84        43"40 

Copper  0-32       5'90        traces. 

Iron    0-21        0-20        traces. 


100-00 


100-92 


100-00 


I  have  already  mentioned  the  beneficial  action  which  a  small  quantity  of  alkali  exercises 
in  the  reduction  of  the  hard  dross,  which  is  strikingly  shown  in  the  following  analyses 
of  two  samples  of  lead,  reduced  from  the  same  parcel  of  dross,  with  and  without  the 
addition  of  the  soda : — 

With  2J  per  cent.  Without 

of  alkali.  alkali. 

Lead 5870        8288 

Antimony  40'66        16-09 

Copper 0-32        0'68 

Iron 032        0-35 


100-00 


ioo-oo 
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In  these  operations  a  quantity  of  refuse  products  accumulate  in  the  smelting  works, 
which  are  sometimes  reduced,  especially  in  Spain,  in  a  small  blast  furnace.  After  some 
time,  the  hearth  of  these  furnaces  is  filled  with  a  spongy,  semi-fused  mass,  called  a  meeco 
by  the  Spaniards,  one  of  which  was  found  to  contain  : — 

Lead 6135 

Antimony    29-50 

Copper 830 

Iron -61 

Nickel  traces. 


99'76 


The   antimony-lead  obtained  from  the  second   calcination  answers  very  well   for  the 
casting  of  type  furniture,  and  also  for  the  coarser  kind  of  type. 

Copper  Mining  in  Italy. — An  interesting  account  of  the  operations  at  the  Monte 
Catini  Copper  Mine,  Tuscany — the  most  successful  in  Italy,  and  perhaps  ene  of  the  most 
profitable  in  Europe,  has  been  contributed  by  Mr.  Xelson  Boyd,  Mining  Engineer : — 
"  The  existence  of  copper  in  this  district  appears  to  have  been  known  in  remote  anti- 
quity. From  old  workings  discovered,  it  is  proved  that  the  Etruscans  were  aware  of  the 
value  of  these  hills,  and  worked  them  for  copper.  It  is  also  found  from  records  that 
Monte  Catini  wis  also  worked  in  the  middle  ages;  but  that  the  works  were  stopped  by 
the  terrible  plague  which  ra^ed  in  1300,  and  which  changed  the  fertile  and  populous 
Marrema  into  a  wilderness ;  from  which  condition  it  has  only  been  recently  attempted  to 
be  rescued  by  drainage  and  cultivation.  In  the  year  1830,  some  unsuccessful  trials  were 
made  on  the  site  of  the  present  mine ;  and  again,  in  1830,  a  shaft  was  sunk — the  lode 
discovered— and  several  le  -els  (among  them  a  deep  adit)  driven,  but  only  an  insignificant 
quantity  of  ore  raised.  It  was  not  till  the  year  1837,  shortly  after  the  mine  came  into  the 
hands  of  the  present  proprietors,  Messrs.  Hall  and  Sloane,  that  the  workings  showed 
any  importance.  In  that  year  a  large  mass  of  ore  was  discovered,  from  which  sufficient 
was  raised  to  pay  all  working  expenses  for  a  year — which  appeared  to  establish  beyond 
all  doubt  the  success  of  the  undertaking,  a  view  fully  realised  by  subsequent  events." 

Pig  Iron. — The  computed  make  of  pig  iron  in  England  and  Wales  last  vear  was 
169  tons  again-t  2,763,390  tons  in  1-61,  2^88,752  tons  in  1860,  and  2,273,243  tons  in 
1864  The  make  in  Scotland  last  year  was  computed  at  1,080,000  tons  against  1,040,000 
tons  in  1361,  1,000,000  in  1860,  and  775,000  tons  in  1851.  The  total  number  for  the 
United  Kingdom  consequently  advanced  from  3,048,243  tons  in  1854  to  3,943,469  tons  in 
1888.  The  number  of  furnaces  in  blast  last  year  was  556  against  563  in  1861,  589  in 
1860,  and  554  in  1854  The  averaire  price  last  year  was  35s.  per  ton  against  49s.  3d.  per 
ton  in  1881,  -TS-.  64  per  ton  in  188  >,  and  7:)-.  per  ton  in  1351.  Of  the  558  furnaces  in 
blast  last  year,  188  were  in  England  and  Wales,  and  120  in  Scotland. 

Colliery  Ventilation. — A  successful  trial  of  a  machine  "for  this  purpose  has  been 
made  at  Bonville's  Court  Colliery,  near  Tenby.  The  machine  is  a  large  circular  fan,  im- 
proved and  constructed  by  Mr.  Waddle,  of  the  Lanmore  Works,  Llanelly,  of  18(1. 
diameter,  by  4ft.  breast,  and  is  so  arranged  on  the  surface  over  the  upcast  shaft  that  it 
absorbs  all  the  foul  air  and  gas  from  the  colliery  without  any  leakage,  and  thus,  probably, 
may  supersede  the  laree  furnace  at  the  bottom  of  the  shaft,  which  is  so  often  placed  in 
such  dangerous  proximity  to  these  large  reservoirs  underground.  This  fan-wheel  is 
driven  by  a 'steam  engine  of  18  inches  cylinder  and  2  J  in. lies  stroke,  producing  an 
_-e  of  120  revolutions  per  minute  in  the  fan. 

APPLIED  CHEMISTRY. 

OB  THE  VARIOUS  KlN-vs  OF  PVEITES  f.SED  ON  THE  TvTTE  ANT>  NEIGHBOURHOOD  IN  THE 
M  V.N'UFACTUBB  OP  SCLPIIUBIC  ACID ;  (HEAD  AT  THE  MEETING  OP  THE  BRITISH  ASSO- 
CIATION, Newcastle,  bt  J.  Pattinson,  Analytical  Chemist). — Iron  pyrites  or  bisul- 
phide of  iron  has  been  used  on  Hie  Tyne  in  the  manufacture  of  sulphuri  t  acid  since  about 
the  year  1840.  At  that  time,  and  up  to  1888,  the  only  supplies  of  this  mineral  were 
obtained  from  Ireland,  Cornwall,  and  the  collieries  of  this  district,  where  it  occurs  and  is 
i!,  and  is  known  by  the  name  of  coal  brasses.  Out  since  1856  other 
and  more  abundant  supplies  have  been  obtained  from  Spain,  Portugal,  Belgium, 
phnlia,  Norway,  Sweden,  and  Tuscany.  At  present  the  total  consumption  of  pyrit.--  on 
Che  Tyne  and  neighbourhood  is  abotr  -  per  annum,  representing  a  \ 

about  tl"),  lowing  table  represents  the  composition  of  the  principal  kinds 

of  pyrites  at  present  used.    The  samples  analysed  are  chiefly  fair  average  samples  of 
brought  to  the  Tyne : — 

1.  8.  3.  I.  5.  6.  7. 

Sulphur    44-60    ...     48-80     ...     45-01     ...     4.V60     ...     4880     ...     UJ'i     ...    38-10 

Iron    BBTO     ...     4IH      ...     39-68     ...     3322     ...     SU  B  flU 

Copper  3-30    ...      531     180    ...      D-80  trace 

Lead  0-8B    ...     0-86    ...     0-37    ...     0-04    I'fiO    

0-30     ...     tra.-e    ...       1-80    ...      OOi     ...       P18     ...       8*51     

Thallium  trace     ...     trao  trace     

Lime oil     ...      on     ...       Ott     ...      oil     ...      2  Hi    ...      0"2t    ...      4'96 

Magnesia  trace    ...     trace    0"01     

Carb.  acid 165    .'11 

Arsenic 0/26    ...      0"31     ...    trace     ...     trace     o:n    ...     trace 

oxygen Oil    ...      MS    ...      0*41  OW    ...      0  15  o.n 

;iid  loss Ur4l 

fiangue 1110     ...       2<*1     ...     IMS     ...       v7'»     ...       0<w     ...       880     ...       1  In 

Moisture   0-17    ...      0-05     ...      025     ...      o  36     ...      017     ...      0  90    ...      010 


99-88  9B-83  99-91  100-80  10018         10C34  100-3 

Ho.  1.   ByauU  nyrltea,  obtained  from  the  :  ain  and  Algan .    ■ 

■at.    About  80,000  tone  per  annum  a  Ditto,    So.  I 

of  the  Belgian  varieties,  obtained  from   tbe   Boehetu  n  about 

12)000  -ian  pyrites  need  on  the  Tyne  per  annnm.    '■ 

le  about  6000  tons  per  annom.    This  i- 
overed  msta]  thallium  vi-/un  pytitae,  obtained 

from  I  rutteren,  in  Drontheim.     About  im«i  imn  t«r  tnnum  iwd 

on  the  Tyne.    Ho.  9.  A  ■  r-.m  the  wickion  a 

rum, 

tampl*  'in  the  walker  Colliery.    Abort  ";>•>■  i  .num  used  a 

manufacture  of  sulphur-  r  analyst*  of  pyritea  are  also  i- •-. 

BTUSga  the  i-  .  »nd  various 

tionabl   I  are  also  daeoilbod, 

-.  iTinv  or  Tin-   I-imi  i  ..   i.i 

Mu       J<m      I.KK     AND      l>».      Kll 

when 

I 
and  I 

:.  was  mixed  with 
was  '  itch  K.i-i  carefully  dried  a 

:'i  a  fine  powl  ■  a*  compost.-  d 


Horn 1600 

Potashes  1772 

Iron  300 

Moisture 3-28 

4000 
A  potash-charcoal  was  made  by  soaking  13  parts  of  wood-charcoal  with  a  solution  of 
four  parts  of  potashes,  and  then  perfectly  dried.  A  gun-barrel  was  partially  tilled  with 
the  mixture,  and  exposed  to  a  red  heat  in  a  separate  furnace.  In  the  first  and  second 
series  of  experiments,  the  gases  generated  in  the  gun-barrel  were  passed  through  the 
potash-charcoal,  which  was  maintained  at  a  red  heat  in  an  iron  tube  placed  iu  another 
furnace.  In  the  third  series  of  experiments,  the  gases  were  passed  through  hydrochloric 
acid,  and  in  the  last  experiments  the  gases  escaping  from  the  iron  tube  containing  the 
potash-charcoal  were  conveyed  through  hydrochloric  acid  and  then  through  a  solution  of 
potash.  In  the  last  series,  the  gases  which  escaped  were  collected  and  analysed.  In  each 
case  the  prussiate  was  extracted  and  crystallised.  The  ammonia  was  determined  in  the 
usual  way,  but  in  the  tabulated  results  which  follow  the  ammonia  is  given  in  its  equiva- 
lent of  crystallised  prussiate  of  potash.  The  theoretical  yield  of  prussiate  was  3»2'50, 
and  the  actual  quantities  obtained  were  as  follows : — 

1.                   2.                   3.  4. 

Retort  10197    ...     13546     ...     146-93     ...  14108 

Tube 68-25     ...       6354     7100 

Acid 140-24     ...  5SS0 

Potash 275 

Total 170-22     ...     10900"...     28717     ...     273-63 

Loss  212  23     ...     183-50;...       9533     ...     108*7 

Produce  per  cent. .      445       ...      522      ...      751      ...       715 
The  gases  were  not  collected  until  the  air  had  been  expelled  from  the  apparatus,  and 
consisted  of— 

Hydrogen    4600 

Carburctted  hydrogen 14«6 

Carbonic  oxide 25.34 

Nitrogen 1400 

100-00 

It  would  therefore  appear  that  part  of  the  nitrogen  of  the  animal  matters  is  eliminated 
in  its  ultimate  form,  and  cannot  be  made  available  iu  this  manufacture.  It  would  also 
appear  that  a  modification  of  the  apparatus  used  by  manufacturers  would  probably  be 
followed  by  a  much  larger  produce  than  is  at  present  obtained. 

Detection  of  Xitbic  Acid  is  Potaiilb  Water  by  means  ofBrccinb;  (read 
at  the  British  Association  Meeting,  Newcastle,  by  R.  Keksting). — The  author 
makes  a  solution  of  one  part  of  brucine  in  1000  parts  of  water.  He  pours  a  cubic  centi- 
metre of  this  solution  into  a  glass,  and  adds  a  cubic  centimetre  of  the  water  under  ex- 
amination for  nitric  acid  ;  he  then  pours  very  slowly  down  the  side  of  the  zlass  a  cubic 
centimetre  of  sulphuric  acid,  -o  that  the  acid  may  form  a  layer  at  the  bottom  of  the  glass. 
Then,  if  nitrates  arc  present  in  water,  a  zone  of  rose-colour  appears  on  the  surface  of  the 
acid.  The  zone  turns  yellow  on  its  lower  surface,  but  remains  without  further  change  for 
some  hours.  By  carefully  shaking  the  glass  the  rose  colour  may  bo  made  to  reappear 
above  the  yellow  zone.  A  cubic  centimetre  of  water  containing  1  can-thousandth  of  nitric 
a  id  shows  the  reaction  very  decidedly,  but  it  may  be  seen  when  the  amount  of  acid  is 
ten  thi>'  -  !•  --.  As  the  sulphuric  ?-cid,  the  brucine,  and  water  employed  to  dissolve  jt 
may  contain  nitric  aeid,  this  source  of  fallacy  must  be  guarded  against,  ami  the  author 
recommends  that  the  water  should  be  distilled  from  potash,  the  sulphuric  acid  distilled 
with  about  5  per  cent,  of  carbonate  of  ammonia,  collecting  only  tliree-fuurtlis  of  the  acid, 
and  the  brucine  well  washed  with  distilled  water. 

Preservative   Properties  op  Coal  Tar.— M.  Rottier  has  placed  a  paper  before  the 
Royal  Academy  of  Belgium,  upon  the  preservation  of  wood  by  the  heavy  oil  of  coal-tar, 
in  which  he  states  that,  after  reviewing  the  number  of  compound-  this  complex  product 
contains,  the  volatile  hydrocarbons,  aniline,  pbanic  arid,  and  naphthaline,  do  not  possess 
any  preservative  properties;  but  thai  a  green  Oil,  which  is  produced  in  the  distillatt 
.  oal-tar  at  a  temperature  of  about  .",72  di ■_-.  Fahrenheit,  is  tbe  substance  alone  that  r. 
ay  of  wood. 
'in  the  Presence  or  Sulphur  in  Materials  used  for  Lighting  Purposes,  and 
Horn  or  Dmcirjra  m  Sajcb-  at  M.  II.  Vonx.— Endeavours  hare  always  bean 
made  to  separate  from  gas  for  lighting  purposes  the  sulphur  which  it  generally  eontains , 
so  as  to  prevent  in  i  a  the  formation  of  sulphurous  acid.    This  aeid  not  only 

excrci-  rl  mi  Influence  upon  the  respiratory  organs,  but  also  destroys  the  ve.-e- 

"lours  of  tapestry,  p  iper-hanirniL's,  A.  .     It  i-  generally  considered  that  tbe  sulphur 

found  in  coal  gas  is  in  the  state  ol  luiphnrel  'i  cir  sulphuret  "i  carbon,  and 

metallic  oxides  are  used  for  the  absorption  "I  these  Impurities,  it,  Vohl  ha-  uiadi  -ex- 
periments upon  dilferent  samples  of  euinmenial  beik/.iue,  and  from  the  resull  be  .includes 
that  ben/in.  -burin  combination,  which  is  found  in  tl;  i:  portion  that 

1  r  178    l.ihr.    Tin-  sulphur  in  combination  with  the  .ai buret:.  1  hydrogen  cannot 
be  separated  without  destroying  them.     (In  passing  gas  obtained  from  the  dlstiUatlo 
irough  metallic  pipes,  kept  cool,  we  obtain,  beside  water,  a  mixture  of  oaphthl 
Hine,  nn  oil  of  an  unpleasant  odour,  b-iilnik'  below  I7<i    l'ahr  ,  and  -  interning  the 
■  -nSiiii.it Km  of  sulphur.    The  apparatoa  employed  by  IS.  Vohl  Is  com- 
posed of  a  tin  worm  ibool  ll  yards  long  and  half-uu-ineh  internal  diameter,  iurroundod 
byamivir.  ol  i.  •■  uml  salt.      I  he  benzine  water  and  naphthaline  I'.iriu  in  the  interior  ■>! 

iiphuretti-d  hydro-carburet  fall-  Into  a  glass  n- 

oatver  al  the  bottom  of  the  worm,  also  surrounded  by  a  rreesiog  mlztare.     the  gas  sub- 

to  trial  was  free  fr-un  mlphorel  carbon,  and  toe  tulphun  tied  hydrogi  n  removed  b] 

Iu  having  been  wanlwd  in  baaic  m-rtate  of  lead.    To  discover  the  lulphur  In  benxlne  and 

in  the  ■  ll  obtained  from  ooal  ira-,  M.  Vohl  employs  the  following  method    -Inbrodm 

t  tl i.  oiippoied  to  contain  sulpluir,  into  o  dxj  teal  tub.    t  i  whit  h  ai 

in.-  freahly  cut;  tin-  mixture  is  than  Ibr  10 

ratiire  ol  boiling  oil.    If  tin-  suspected  oil  dphnr, 

miuit  ■urfart-  th  a  red  or  bn  s,  coaa- 

poeed  ••  On  then  adding  a  few  drops  ol 

- 
of  alka  laatate,  if  now  added  to  this  liquor  tniil 

iracl 

rlnally 

'    II  ei- 


formed, 
of  pot  a- 
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List  of  New  Patents. 


[The  Aettzan, 
I    Nov.  1, 1863. 


LIST  OF  APPLICATIONS  FOR  LETTERS 
PATENT. 

Wh  have  adopted  a  new  arrangement  of 
the  Provisional  Protections  appued  for 
byInvfntors  at  the  Great  Seal  Patent, 
Office.  If  an?  difficulty  should  arise 
with  reference  to  the  names,  addresses, 
or  titles  given  in  the  list,  the  requi- 
site information  will  be  furnished,  free 
of  expense,  from  the  office,  by  adprrssing 
a  letter,  prepaid,  to  thk  editor  of 
"The  ArtizanV* 

Dated  September  25tb,  18G3. 

2362  C.  de  Wailly — Improved  slipper  or  clog,  prin- 
cipally intended  for  bath  rooms. 

2363  A-'V.  Newton — Joint  for  the  tube  of  furface 
condensers.      ■ 

2364  P.  Spence — Production  of  sulpho-cyanide  of 
ammonium  and  other  sulplio-cyauides. 

2365  K.  Lloyd — Improvemeuts  in  rotavy  engines  to 
he  worked  by  water,  steam,  air,  and  other  motive 
power 

2366  M.  SchafFhauser — Making  paper  tubes  used  in 
spinning-  manufactories. 

Dated  September  26th,  1853. 

2367  G.  Spill,  T.J.  Brians,  &  D.  Spill— Manufac- 
ture of  driving  straps  or  bands  and  of  flexible 
tubes  or  hose. 

2368  \V.  T.  Rowlett — Improvements  in  crinolines 
and  hooped  skirts. 

2369  R.  Clarke — New  application  of  material  for 
covering  crinolines,  and  the  manufacture  of  the 
said  material. 

2H70  W.  Clark — Improved  fabric  for  the  production 
of  permanent  electricity. 

2371  J.  Spence — Improved  plastic  composition  np- 
pliCHble  to  the  coating  of  metallic  and  other  sur- 
faces. 

2372  A.  Gleerup —  Improved  consiruction  of  gas 
burner. 

2373  L.  H.  Norris — Manufacture  of  india  rubber 
and  Cut-ta  percha  compounds. 

2374  W.  Malan  &  W.  Tic — Apparatus  for  supply- 
ing gas  to  railway  cimages  and  other  moving 
structures. 

2375  E.  B.  Wilson— Steam  boilers  and  other  fur 
naces  and  fireplaces. 

Dated  September  28th,  1863. 

2376  T.  Lowe— Self-acting  lock,  lever,  band,  railway 
engine,  tender,  carriage,  waggon,  or  conveyance 
car  break. 

2377  L.  J.  J.  Jean — Construction  of  steam  boilers 
aud  their  five  grate*. 

2378  P.  Bou.chaui — Improved  wax -light  or  candle 
stand. 

2379  P.  Cato — Construction  of  combined  iron  and 
timber  ships. 

23,S0  J.  T.  &  E.  Harlow — Improvements  in  breech- 
loarting  fire-arms. 

2381  \V.  E.  Gedge — Apparatus  for  heating  by 
mean-  of  illuminating  gas 

2382  J.  H.  Johnson — Manufacture  of  boot  and  shoe 
toe  pieces  or  tips. 

2383  J.  Bailey,  G.  W.  Blake.  &  W.  H.  Bailey— Re- 
gulating and  iudicating  the  flow  and  pressure  of 
liquids  aud  fluids. 

2384  G.  Thomas— Louvre  shutters  and  Venetian 
blinds. 

Dated  September  29th,  1863. 

2385  F.  Preston  —  Rollingj.und  cutting  files  and 
rasps. 

2386  F.  G.  Mulholland — Manufacturing  submarine 
telegraph  cables. 

2387  S-  Mendel  —  Manufacture  of  woven  fabrics, 
applicable  to  covering  telegraph  wires. 

2388  H.  Haigh  &.  R.  Heaton— Dyeiug  cotton  or 
Other  vegetable  fibrous  substances. 

2389  "W.  Clark— Improvements  in  the  soles  of  boots 
and  shoes. 

2390  \V.  E.  Gedge— Parts  of  the  permanent  way  of 
railways. 

2391  J.  Cooper — Improvements  in  the  construction 
of  harrows. 

2392  P.  &  J.  Llewtllin  &  J.  W.  James— Water 
closets. 

Dated  September  30th,  1863. 

2393  J.J.  Chidley— Improved  bottle  and  stopper. 

2394  W.  Clarke — Improvements  in  musical  instru- 
ments. 

2395  H.  E.  Skinner — Conical  packing  for  taps. 

2396  E.  S.  Attree— Cigar  holder. 

2397  E.  W.  Bullard— Machine  for  turning  and 
spreading  hay. 

2398  G.  Elliot — Props  and  supports  for  coal  and 
other  mines. 

2399  B.  Browne— Sight-piece  for  rifles. 

Dated  October  1st,  1863. 

2400  W.  Smith — Improved  process  for  re-ciystallis- 
ing  sugar. 

2101  J.  Miickay — Improvements  in   fire-arms,    ord- 
nance, and  projectiles. 
240:;  T  Bell— Bricks  nud  tiles. 

2403  H.  A.  Bonneville — Improvements  in  railway 
and  other  breaks. 

2404  L.  N.  le  Gras — Improvements  in  cooking 
stoves  atid  apparatus. 

2105  F.  Heid — Collecting  and  saving  the  spirit  of 
alcohol  generated  by  spontaneous  fermentation  in 
raw  sugar,  concrete,  melado,  and  molasses,  and 
thrown  off  during  the  process  of  boiling  or 
refining. 

2)06  J.  Bell — Improvements  in  couplings  for  rail- 
way carriages. 

2407  \V.  E.  Newton— Apparatus  for  cleauing  rice 
and  other  grain. 


240S  G.  Dickey — Winkers  or  eye«screening  appa- 
ratus for  horse*  and  other  animals. 

2409  P.  Leslie — Preserving  the  bottoms  of  ships  or 
vessels  and  other  surfaces  from  the  prejudicial 
effects  of  marine  animals  ami  vegetabUs 

2410  T.  Horsley— Improvements  iu  breech-loading 
fire-arms. 

2411  J  J.  Andertou — Manufacture  of  boots  and 
shoes. 

Dated  October  2nd,  1363. 

2412  J.  Farrar— Spinningand  doublingwool. alpaca, 
mohair,  cotton,  silk,  flax,  aud  other  fibrous  sub- 
stances. 

2113  J.  E  F-  Ludeke — Improvements  in  tbtaining 
motive  power. 

2414  R.  Charlton — Improvements  in  metallic  bed- 
steads. 

2415  J.  Tees— Improvements  in  packing  for  stuffing 
boxes  and  pistons. 

2416  J.  G.  Tongue — Compound  reactive  agent  and 
universal  mordant  to  be  employed  in  the  pro- 
cesses of  dyeing  and  printing. 

2417  W.  E.  Gedge  —  Impruved  pen  holder  and 
feeder. 

2418  J.  J.  Lundy  &  R.  Irvine —  Manufacture  of 
paper. 

24jy  W,  A.  Torrey — Lubricating  the  axles  of  rail- 
way carriages. 

2420  G.  T.  Boustield — Improvementsin  revolver  fire- 
arms. 

2421  G.  &c  W.  T.  Shepherd— Storing  the  crystals  of 
lump  or  rt  fined  sugar. 

2422  J.  Bowrou  &  G.  Robinson — Improvements  in 
the  manufac.ure  of  soda. 

Dated  October  3rd,  1863. 

2423  J.  Schofield,  J.  Kiik,  &  W.  Spivey— Looms  for 
weaving. 

2424  G.  R.  Tilling  &  J.  Park— Filling  tobacco  pipes 
of  an  improved  construction. 

2425  E.  B.  Wilson — Manufacture  of  iron  and  other 
metals 

2426  T.  &  J.  Fagg  —  Manufacture  of  boots  and 
shoes. 

2427  E.  Pratt — Finishing  woolleu  fabrics  made  on 
twist  luce  machinery. 

24*8  [.  Bonomi—  Construction  of  arches  and  other 
like  structures. 

Dated  October  4th,  1863. 

24^9  W.  Hoehl,  C.  Brakell,  &  W.  Gunther— Im- 
provements in  rotary  engines  worked  by  steam, 
water,  or  other  motive  power. 

2430  C.  Brakeli.  W.  Hoehl,  &  W.  Gunlher— Motive 
engines  worked  by  water,  steam,  or  other  motive 
power. 

2431  J.  M.  &  J.  Stanley — Improvements  in  pro. 
pelling. 

2432  C  Tomlison — Improvements  in  tnps,  cocks, 
hydrants,  or  vahes. 

2433  J.  W.  Guilmette— Substitute  for  whiting,  pipe 
clay,  and  other  analogous  substances  to  be  em- 
liloved  to  produce  a  white  <  oatiug  or  surface. 

2434  VV.  H.  Uailej — Cumb.ug  wool  ami  other  fibrous 
substances. 

2435  G.  H.  Ellis — Apparatus  for  aiding  th*  com- 
bustion of  tuel. 

2436  B.  G.  George— Tablets,  Bhow  bills,  and  trnde 
announcements. 

2437  T.  Ii-ory  —  Steam  engines  and  furnaces  and 
boilers  for  the  same. 

2438  J.  Tnwlsou — Improvements  in  apparatus)  for 
cooling  liquids. 

2439  R  fepper — Machine  for  pressing  or  crushing 
spent  hops. 

244i  W.  Lrgg — Improvements  applicable  to  sewing 
machines. 

Dated  October  6th.  1863. 

2441  S.  Mathews — Improvements  in  breech-loading 
tire- aims. 

2442  E.  Whitehouse— Manuf  icture  of  wrought  iron 
shackles. 

2443  W.,  H.,  &  T.  Holgate— Improvements  in  the 
manufacture  of  pickers 

2444  R.  A.  Bmoman  —  Improvements  iu  steam 
boilers  and  furnaces, 

2445  W.  Baichelour  —  Moulding  and  modelling 
palates,  teeth,  and  «;ums  for  dental  purposes. 

2416  G.  Dyer — Improvementsin  the  construction  of 
ra-.lway  carriages. 

2447  A.  Johnston — Improvements  on  railway  car- 
riages. 

Dated  Octobrr  7th,  1863. 

2418  E.  Jones— Pumping. 

244y  D  Bann— Regulating  and  working1  window 
Minus. 

2450  E.  Leak — Apparatus  to  b*  used  in  placing 
glost  china  and  earthenware  in  ovens  and  kilns 
for  tirmg,  burning,  or  baking  such  ware. 

2451  J.  Citddick — Kuuners,  runner  notches,  and  top 
notch*  s  tor  umbrellas,  and  parasols. 

2452  G.  JK.  Graham — Improvements  in  high  pres- 
sure cocks. 

2453  C.  P.  Botton — Lamps  especially  applicable  to 
the  burning  of  hydro-carbons. 

2454  C.  P.  Button— Pumps. 

2455  C.  P    Button — Harrows. 

2456  R.  Zox — Improvements  in  the  manufacture  of 
nc;idemic  caps. 

2457  A.  Uigg,  jun. — Improvements  in  propelling- 
vessels 

2458  E.  Slaughter — Improvements  in  locomotive 
engines 

245y  J.  Gibson  —  Improvement  in  cast  iron  pit 
tubing. 

2460  G.  W bight—  Washing  apparatus. 

2461  J.  H.  Johnson — Improvements  iu  the  perma- 
nent way  of  railways. 

Dated  October  8th,  1863, 

2462  J.  H.  Johnson — Propelling  ships. 

2463  A.  1*.  Charpentier — Improvements  in  the  rnauu- 
facture  of  watches. 

2464  C.  Crossvrelt— Improvements  in  breech-loading' 
fire-arms. 


2465  M.  Smith — Washing,  cleansing,  salting,  and 
packing  butter. 

2466  G.  Canouil  &  F.  A.  Blanchon— Shooting  toy 
fusees,  toy  rockets,  or  other  similar  toy  missiles, 
by  means  of  toy  pistols  or  other  toy  fire-arms. 

2467  W.  Lorberar — Improvements  in  the  manufac- 
ture of  eras  from  tar. 

246^  J.   D     Dou gall— Camel  guns  and  other  light 

artillerv. 
2469  It.   G   Watson   &  W.  J.    Kendall— Walkings 

stick  umbrella. 
2*70  J.    Mead — Construction   of  various  articles  of 

furniture. 

2471  J.  Spencer — Machinerr  for  separating  different 
sizes  of  roots. 

2472  A.  V.  Newton — Improvements  in  the  construc- 
tion of  condensers. 

Dated  October  9t.h,  1863. 

2473  L.  Lefebvre  —  Improvements  in  vapour  bath 
apparatus. 

2474  J.  Wood,  J.  Whitehead.  St  T.  Tetlow— Govern- 
ing- the  speed  of  steam  engines. 

2475  J.  Elsom—  Parallel  turning-. 

2476  E.  W.  J  ames— Raising  sinning  or  submerged 
ships. 

2477  G.  Parry — Improvemeuts  in  refining  crude  pig 
iron. 

247b  J.  M'Innes — Sheathiug  for  navigable  vessels  of 

iron  or  wood. 
2479  J.Mather — Improvements  infliction  or  glazing 

calendeis. 
24  sO  1>.  Lange — Railway  wrappni  s. 

2481  N.  rellows — Extinguishing  fires  in  chimneys 
and  flues,  regulating  and  promoting  draught 
therein,  and  to  act  as  a  ventilator. 

2482  R.  Martyn  —  Condensing  and  purifying  the 
fumes  and  gases  arising  from  the  treatment  of 
metals  aud  metallic  ores  and  substances. 

2-183  It.  A.  Brooman — Amalgamating  and  separat- 
ing gold  and  silver  from  quartz  and  earth  con- 
taining the  same. 

Dated  October  10th,  1863. 

2484  G.  W.  Reynolds — Manufacture  of  bands  or 
strips  for  crinolines. 

2485  J.  Vaughan— Purifying  waste  gases  from  blast 
"  and  olher  furnaces. 

24HG  S.  I  tanner — Storing  petroleum  and  other  like 
oils  and  spirits. 

24S7  J.  Ruthardt  &  F.  Thiele— Purifying  and  in- 
creasing the  illuminating  power  of  gas. 

24SS  W.  B.  Fairbanks  &  J.  &  F.  Lavender— Manu- 
facture of  baines. 

2489  D.  Proudfoot — Printing  or  dyeing  textile 
fabrics. 

2490  J.  W.  Goundry — Improvements  in  musical  in- 
struments. 

2491  T.  Hughes—  Lauthoins. 

Dated  October  12th,  1663. 

2492  A.  Inglis— Taps  or  cocks. 

2493  P.  R.  Jackson — H.ops  and  tyres  for  railway 
wheels. 

2-194  W.   Hutchison — Manufacture    of   fittings    for 

powder  flasks. 
2495  J.   G.    Hartley — Iron  and  wooden  thips  aud 

other  vessels 
24^6  J.  He;ip— Perforating  machines. 
*497   W.   T.    Bury — Bdths    tor    containing    heated 

metals  and   tiuxes   employed  in  the  processes  of 

hardening  and  tempering  st-el. 

2498  T.  Browning— Metallic  casks. 

2499  T.  Gidlow — Bearings  for  axles  for  railway  or 
oiher  carriages. 

2500  T.  Fox  —  Cleaning  out  the  tubes  of  steam 
boilers. 

2501  W.E.  Gedge— Shears  for  cu'ting  raetals  and 
othrT  substances. 

2502  C.  Humfrey — Purifying  hydrocaibons. 

2503  R.  Aitken — Improvements  in  the  permanent 
way  of  railways, 

2504  G.  Mooutford— Cotton  gin. 

2505  J.  J.  .  Andenou— Cutting  and  finishing  the 
edges  of  the  soles  aud  heels  and  the  bottoms  of 
boots  and  shoe*. 

Dated  October  13th,  1863. 

2506  J.  Djdge — Rolling,  shaping,  orforging  metals. 

2507  G.  Morgan — Bag  tor  p„stal  and  other  pursose*. 

2508  J.  E.  Poynter — Throwing  projectiles  by  meaus 
of  explosive  aeeuts 

25U9  J.  Pla-.-e—  F.nishing  paper 

2510  A.  Knife— Propelling  carriages  on  railways, 
tramways  or  on  common  roads. 

2511  T.  a  Craven— Cottou  gins. 

2512  T.  Scott — Floating  docks. 

2513  J.  Fowler — Apoaratus  used  for  hauling  agri- 
cultural implements 

2514  A.  Crellin— Omni  bus  indicator. 

Dated  October  14th,  1663. 

2515  J.  Rowley — Washing,  scrubbing,  sc  uriug, 
bleaching,  and  discharging  impurities  or  other 
matters  irom  woven  or  other  fibrous  materials. 

2516  J.  lucnley — Valves  lor  double  cylinder  steam 

2517°E.  P.  Colquhoun  fc.  J.  P.  Ferris— Fire  bars  for 
the  furnaces  of  steam  boilers. 

2518  M.  F.  D.  Cavalerie  —  Obtaining  centrifugal 
motive  power. 

2519  J.  Milton — Looms. 

V520  W.  J.  Rideout — Boiling  rags. 

2521  O,  E.  Sonuenstein — Rvtlectiug  apparatus. 

2522  H.  A.  Bonneville— Cleanu.g  snips' hulls. 

2523  R.  H.  Smiibett — Application  of  wheels  to  rail- 
way carriages. 

Dated  October  15th,  1863, 

2524  R   Bewley,  jun.— Wrenches. 

2525  P.  Lesley — Kails  for  railways. 

2526  H.  Clayton -Buildings  for  drying  bricks,  tiles, 
and  other  articles. 

2527  S  R  Smith— Connecting  chain  cables,  clearing 
a  ship's  hawse  when  loul,  and  presenting  strain 
to  the  chain  cab.es  when  ships  are  nding  at 
n  uchor. 

2523  H.  W.  Hart— Suspending  T  fastenings. 


2529  B  F,  Weatherdon— Removing  dirt  from  boots 
or  shoes. 

2530  S.  Flexen — Ventilating  apparatus. 

Dated  October  16th,  1863. 

2531  J.  Polglnse  fc  J.  Cox— Cleaving  stone.' 

2532  E.  Rowinir— Steam  engines  and  boilers. 

2533  K.  A.  Hrooman — Humps. 

2534  F.  A.  E  G.  de  Massas— Smut  machines. 

2535  F.  G    Stuber — Application  of  blast  heat. 

2536  S.  Jay — Stockings  and  drawers. 

Dated  October  17th,  1863. 

2537  M.  Meisel — Weighing  apparatus. 
25158  S  Beinsford  tk  W.  Ainsworth— Looms, 

2539  J.  Shanks— Valves  or  taps. 

2540  W.  Hampton— Looms. 

2541  W.    Routledge    &  F.    F.    Ommaney— Baling 
boxes. 

2542  W.  Clark — Rotnry  engines. 

2543  Y.  Mt-irat— Propelling  vessels. 

2544  W.  Clark— Sewing  aud  embro  denny  machines. 

2545  L.  R.  Chesbrough— Let-off  motion  tor  looms. 

2546  J    H.  Jihnsim — Washing  inaciiines. 

2547  W.    Darlow    &    R.    H.    Lawsou  —  Obtaining 
motive  power. 

2548  J.  Wright— Cutting  railway  sleepers. 

25(9  E.  H.  C.  Moucktou — Joining  sheets  of  metal. 

2550  F.    de  Wylde — Induration    of  stone,  cement, 
mueco,  brick,  and  other  muterinls. 

2551  F.    de    Wylde — Reparation  of    molasses   and 
other  impurities  from  sug  .  v  crystals. 

Dated  Ociobhr  19th,  1S63. 

2552  J.    Champion  —  Preparing,     spinning",    and 
doubling  finrous  materials. 

2553  II.  Gilbee — Rendering  boots  and  shoes  water- 
proof. 

255i  W.  Fletcher— Breech-loading  fire-arms. 

2555  A.  Budenb-rg — Blasting  yowder, 

2556  J.  Whitley — I'ennauent  way  of  railways. 

2557  L.  Eyiinrd— Brakes. 

2556  W.  Clark— Separating  t  res  from  theirgangues. 

Dated  October  20th,  1863. 

2559  J.  Taylor  &  J.  &c  J.  Lees— Opening,   cleaning, 

and  mixing  fibrous  materiuls, 
2'-M»  E.  H.  Luebhers — Substitute  for  cotton. 
2561  W.  IngliHm — C  pper  rollers. 
2.ifi2  C.  T.  Morley— Combustion  of  gas. 

2564  J.  Vaughan—  Hecks,  ho.  s.  and  other  tools. 
2563  D.  Mills — Moulds  for  casting  studs  tor  chains. 

2565  J.  Michaehs— Purses  and  pocket-btoka. 

2566  W.  Suell — Condensers  for  steam  engines. 

2567  H.  Hennessy— Projectiles. 

2568  M.    i'etenkoter— Regenerating  the    surface  of 
pictures. 

2569  J.  Bryant— Vent  apparatus. 

2570  H.  B.  Barlow— Boots  and  shoes. 

2571  W.  A.  Dixon — Making  aluminate  of  soda. 

2572  G.  Davies— Foiming  Btitches  over  the  edges  of 
fabrics. 

2573  J.  W.  Nottingham— Hansom  cabs. 

2574  G.  H.D..glish&  T.  Windus— Bending-] plates 
Jor  iron  ships. 

2575  C.   Gartou   &  T-    Hill— Evaporating,  cooling, 
and  melting. 

2576  W.  N.  Hufchins->n— Ordnance. 

2577  T,  Restell— Walking  stick  umbrella. 

Datkd  October  21st,  1863. 

2578  W.  Hartcliffe— Mules. 

2579  T.   C.   Clarkson  — Making    and    ornamenting 
various  articles. 

25S0  J.  Hinton— Breech-loading  fire-arms. 

2581  C.  Schiele— Governors. 

2582  N.  F.Taylor — Increasing  the  power  of  gas. 

2583  G.  Howell— Connensiug  fumes. 

2584  T.    Hodson,    W.    Nightingale,  &  R.  Laird— 
Carding  cotton. 

2585  G.  Haseltine — Weighing  machines. 
2686  E.  Alcan — Ornamenting  cloths. 

2o87  R.  A.  Brooman — Treating  ligneous  substances, 

2588  7..  Colburn— Steam  engines. 

2539  W.  Cooke — Saponaceous  compounds. 

2590  J.Dodd— Mules. 

2591  W.  E.  Newton— Sewing  machines. 

Dated  October  22nd,  1863. ' 

2592  G.  Cutler,  jun.— Boilers. 

2593  K.  Bailie— Floating  docks. 

2594  H.  Wilson — Lubricator  for  steam  engines. 

2595  J.  Craven  &  S.  lox — Pouching,  shearing,  and 
burnishing- 

2596  A.  A.  Cr<-ll— Disinfectants. 

2597  C.  Tusnot — Carti  idge  bottoms. 

259S  J.  W.  Friend  &  B  F.  Weatherdon— Valve  and 
valve  gear  for  regulating  the  passage  of  fluids. 

2599  F.  hnllock— Ships    logs. 

2600  J.  Mitchell— Excavating  in  the  earth. 

2601  C.  Parker — Winning  j  j.rns  or  threads. 

2602  J.    Weems— Drying,    cleaning,    aud    cooling 
grain. 

2603  A.  Kinder  8c  J.  Inglis— Metallic  foils. 

2604  B.   Noakes  and  F.   J.  Wood— Metallic  casks, 
bottles,  and  other  vessels. 

2605  C.  J.  Pownull — 1'repanug  and  cleansing:  vege- 
table tib-es. 

2606  W.  W.  Hurdon— Paper  aud  pulp. 

2607  K    A   Brooman— Tanning. 

260S  H.  Brnison  aud  J.  Alcnclt — Plaiting  or  folding 

fabrics. 
2tU9  T.  and  A  L.Dickins  and  H.  Heywood— Dyeing 

tin-  ads  of  silk. 

2610  A.  Tmn=r— Looms. 

Dated  October  23rd.  1863. 

2611  J.  L.  Jurgens — Vessels  of  war. 

2612  B.  Marriott— Cylindrical  dead  beatiudepeudent 
centre  seconds  wutches. 

2613  M.  A.  Boyle— Portable  writing  cases  and  de- 
spatch boxes. 

2614  A.  J.  Martin — Improved  lamp  burner. 

2615  J.  Claes— Regulating  the  emission  of  gas. 

26 . 6  J.  T.  Webster— Driving  the  spind  les  of  doubling 
and  spinning  frames. 
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A    CRITICAL    AND    HISTORICAL    REVIEW   OF    LOCOMOTIVE 
ENGINEERING. 

By  J.  J.  Birckel. 

[Illustrated  ly  Plates  251,  255,*  and  256.*— Concluded from  page  241.) 

Continuing  our  notice  of  the  types  of  locomotives,  figures  1,  2,  3, 
and  4,  Plate  256,  represent  one  of  Mr.  Sinclair's  standard  goods'  engines, 
as  in  use  upon  the  Great  Eastern  Railway.  They  work  goods'  trains,  con- 
sisting of  35  waggons,  weighing,  loaded,  300  tons,  at  an  average  speed  of 
20  miles  per  hour,  with  a  consumption  of  361b3.  of  coal  per  mile.  They  also 
work  passenger  trains,  consisting  of  from  15  to  18  carriages,  at  an  average 
speed  of  25  miles  per  hour,  with  an  average  consumption  of  25!bs.  of  coal 
per  mile.     Their  dimensions  and  leading  features  are  as  follows  : — 

Boiler  Babbel. — lift.  5jin.  long  x  3ft.llin.  diameter,  made  of  -,7sin. 
plates,  single  rivetted.  Besides  the  dome  which  is  placed  on  the  crown  of  the 
barrel,  there  are  two  large  hand  holes  placed  underneath,  provided  with 
large  blow-oft" cocks  for  facility  of  draining  the  boiler  of  the  sediment  from 
the  water;  height  of  centre  from  rails,  5ft.  lOJin. 

Eibe-box  Shell. — Flush  at  thecrown  withthe  barrel,  4ft. Sin.  long  x  3ft. 
lOJin.  wide,  made  of  plates  igin.  thick  ;  there  are  two  3Jin.  safety 
valves,  placed  one  on  top  of  the  tire-box  shell,  and  the  other  on  top  of  the 
dome,  each  provided  with  a  spring  balance. 

FlBE-BOX. —  tft.  ,in.  long  x  3ft.  IVin.  wide  x  4ft.  Sin.  deep,  made  of 
\in.  copper  plates,  except  the  tube  plate  which  is  ;in.  thick .  provided 
v/ith  smoke-burning  apparatus,  described  in  our  paper  on  the  boiler. 

Heating  Si'rfaci:. — 102  brass  tubes,  Fin.  diameter  x  lift.  S'^in.long 
=  968-5  square  feet ;  fire-bos,  =  7S"8  square  feet ;  total,  10 10-8  square  feet. 

Fire  Grate. —  It't.  fin.  long  <  3ft.  ljin.  wide  -----  13-5  square  feet.  Fire 
bars  and  frame  of  the  ordinary  construction ;  the  bars,  made  in  two 
lengths,  are  20  in  number  in  the  width  of  the  fire-box,  with  a  space  of  Jin. 
between  them. 

SMOKE-BOX. — 2ft.  7',in.  long  x  2ft.  lin.  radius,  made  of  ', in.  plates, 
enclosing  the  cylinder*  entirely  ;  and  provided  with  a  man-hole  at  the  bottom 
lor  facility  of  clearing  <iut  the  cinders. 

Chimney. — L6in,  diameter  at  bottom,  and  ISin.  at  top  ;  made  of  ,Vin. 
plate;   13ft.  high,  measured  from  the  rails. 

Cyitkdbrs. — Outside,  Win. diameter  x  24in.  stroke,  with  back  bottom 
cast  solid  with  the  bodj  .  steam  pipes,  Kin.  diameter ;  steam  ports,  12in. 
long  x  l.Vm.  wide;  exhaust  port,  3in.  wide  j  blast  orifice,  ijin.  diameter ; 
lap  of  valve,  1 1  in. ;  lead,  i'ui.;  piston  rod  and  valve  spindle  made  of 
Krupp's  steel. 

Linn  BfonOJT.—  Stationary  link,  as  illustrated  and  described  in  detail, 
in  ourpaper  treating  of  the  link  motion  (in  Tin;  Abtizj  ■.,  of  March,  1863). 
Link,  l'.tin.    long;  eccentrics,  .V.in.  throw. 

(   jn-  hi.  --lilt,  long,  made  of  best  fagotted   iron,  with  short 

fork  at  cylindCT  end  ;  cross  head  pins,  2in.  diameter  x  2in.  long  •,  crank 
pin  bearing,  3$in.  diameter  8Jin.  long;  crank  pins  made  of  Krnpp'i 
steel. 

.  -Two  No.  8  Gifferd's  injectors,  placed  on  each 
ride  of  the  fire-box. 

Rxo  latob.  Piston  vnlve  regulator,  as  illustrated  and  d  tribed  in  detail 
in  1*HB   ABTTZAK  '.I     \j.r..  ait   a   main  steam   pipe,   I'in.  in  dia- 

metei . 

Fbames.    Single  inside  plat  driving 

fork,  and  1  i in.  thick;  made  of  I  iron. 

Wheels  urn  ixin  number,  m  ids  of  wild  ■••■  r  i  tght  iron  ; 

drivinga',  Lin. diameter,  with  tyres  Sin. broad     Jin. 

thick,  made  of  Krupp  leading  wh  erj  driving 

and  trailing  axles, 6 '.in.  diameter  x  Tin.  long  in  journal,  and6|in.  diameter 
in  the  body,  and  made  oi  R  rnpp'  ■  it*  l  \  leading 

long  in  journal,  and  fi  .  in.  diameter  in  bodyj  made  of  the  besl  i*orsbire 
iron. 

•  We  are  unaVMi!  i.i   number. 

They  will  DC  Issued  ni'l  nt>  wltti  I  TOO. 


As  a  remarkable  instance  of  the  performance  ot  Krupp's  steel,  Mr. 
Sinclair  mentions  that  some  driving  and  trailing  wheel  tyres  have  run 
from  60,000  to  70,000  miles  without  being  turned. 

Wheel  Base. — Between  leading  and  driving  wheels,  6ft.  lin ;  hetween 
driving  and  trailing  wheels,  9ft.;  total,  15ft.  lin. 

Springs. — Driving  and  trailing  springs,  3  ft.  3in.  span,  made  of  seven 
plates  Sin.  broad  x  Hn.  thick,  connected  by  means  of  compensating  lever. 
Leading  spring  2ft.  6in.  span,  made  of  nine  plates  -Jin.  thick  and  5in. 
wide  in  centre,  tapered  to  4in.  at  the  ends. 

Weight  of  engine  in  working  order :  —  On  leading  wheels, 
10  tons  7cwt.  lqr. ;  on  driving  wheels,  10  tons  7cwt.  3qr. ;  on  trailing 
wheels,  10  tons  lewt.  ;  total,  30  tons  16cwt.  The  engine  carries  a  small 
tank  under  the  foot  plate  in  order  to  increase  the  weight  upon  the  trailing 
wheels. 

Width  of  engine  over  all,  8ft.  lin. ;  length  over  all,  2Gft.  9in. 

Figures  5,  6,  7,  and  8  represent  one  of  the  four-wheel  coupled  express 
engine,  as  made  by  Messrs.  Fairbairn  &  Sous,  for  the  Manchester,  Sheffield, 
and  Lincolnshire  Railway,  upon  the  general  design  furnished  by  Mr.  Saere, 
the  engineer  of  the  line,  modified  in  the  frame  connections,  to  realise  the 
advantages  of  direct  traction  through  the  frames,  independently  of  the 
boiler.  These  engines  are  daily  running  express  trains  upon  gradients, 
varying  from  1  in  100  to  150  and  200,  with  8  and  10  carriages,  at  a  rate 
of  consumption  of  2ulbs.  ot  coal  per  mile,  from  the  South  Yorkshire 
district. 

The  following  arc  their  main  dimensions  and  leading  features  : — 

Bollbb  Barbel, — 10ft.  long  «  3ft.  bin.  diameter,  made  of  Jin. plates, 
double  rivetted  in  the  longitudinal  seams;  height  of  centre  of  barrel  from 
level  of  rails,  6ft.  1 A  in. 

Fire-box  Shell. — 5ft.  2iin.  long  x  3ft.  llin.  wide,  projecting  7in. 
above  the  crown  of  the  barrel;  made  of  -"„-in.  plates;  two  Sim.  common 
safety  valves,  screwed  down  by  means  of  spring  balances,  are  placed  on 
the  crown  of  the  shell. 

Fire-eox. — 4ft.  6^in.  loug  x  3ft.  3in.  wide  x  5ft.  3Jin.  deep;  made  of 
-"gin.  copper  plates,  excepting  the  tube  plate,  which  is  ".in.  thick  ;  two 
rows  of  hollow  stays  are  provided  at  the  front  of  the  box,  with  the  object 
of  assisting  iu  the  combustion  of  coal. 

Heating  Surface. — 150  brass  tubes,  10ft.  3.1  in.  long  x  2in.  diameter 
=  806'25  square  feet;  fire-box  =  92-25  square  feet;  total,  8985  square 
feet. 

(iitATE  Area. — lft.  Gin.  x  3ft.  Sin.  =  1162  square  feet;  fire-bars  and 
frame  of  the  ordinary  construction. 

Shoes-box. — 2ft.  Sin.  wide  x  2ft.  Sin.  radius ;  made  of  tin.  plates. 

CsotBBY. — lGin.  diameter  x  13ft.  3in.  high,  measured  from  level  of 
rails. 

Cvi.iM)i:i:s. — Inside,  16in.  diameter  x  22in.  stroke,  llin.  thick  in  the 
body;  steam  ports,  llin.  long  x  liiu.  wide;  exhaust  port,  3iin.  wide; 
lap  of  valve,  liin. ;  blast  orifice,  Lfin.  diameter. 

LnrH    M  Shifting  link,   I6in.  long,  with  valve-rod  suspension 

13in.  behind  the  link  ;  eccentrics,  bfin.  throw. 

Coi  Rod.  -6ft.  Din.  long j  bearing  in  cross  bead  pin,  Sin.  dia- 

meter -   8in.  long;  bearing  in  crank  8}in.  diameter       lin.  long;  outside 
crank  pins,  i  id  with  the  crank,  8f  in.  diameter  -    3',  in.  long. 

Appabati  j.— Two  long  stroke  pumps,  bolted  against  the  in- 
Frame,  and  worked  fro  ad ;  pluuger,   llin.  diameter;  pump 
barrel  made  of  brass. 

B  tal  slide  valve  regulator  placed  inside  the  smoke* 

rked  by  mi  ng  in  helical  grooves, 

■Inside  Slid  Outside   Frames;   the  inside  ones  are  single   plates, 

L2in.  deep  over  d  i :.    -   Lin.  thick,  placed  lft.  apart;  the  outside 

f  aii  ilk  of  pitch;  n.  deep  over  driving  forks 

thick,  lined  with  two  n.  thick;  distance  from  centre  to  centre 

lift.  :,    in. 

Wm.u.      UTS   Am  :.-.  —  Wheels,  six  iu  iiiitub  i.   m:  d  ■   of  solid    WT00    lit 
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iron;  driving  and  trailing  wheels  coupled,  6ft.  diameter;  leading  wheels, 
4ft.  diameter ;  tyres,  5jin.  broad  x  2in.  thick ;  the  axles  have  all  double 
conical  outside  journals;  trailing  and  driving  axles,  6in.  and  7in.  diameter 
x  9in.  long  in  outside  journals,  and  6£in.  diameter  in  body ;  inside  journals 
of  driving  axle,  6|in.  diameter  x  5in.  long ;  leading  axle,  4jin.  and  5|in. 
diameter  x  lOin.  long  in  journals,  and  5^in.  diameter  in  body ;  driving 
and  trailing  axle  boxes  of  brass,  with  wrought  iron  straps  cast  into  thetn  ; 
leading  axle  boxes  of  cast  iron  with  brass  step. 

Wheel  Base. — Between  leading  and  driving  wheels,  7ft.  9in. ;  between 
driving  and  trailing  wheels,  7ft.  3in. ;  total,  15ft. 

Springs. — Leading,  trailing,  and  outside  driving  springs,  3ft.  span, 
made  of  16  plates,  -j^in.  thick  x  3iin.  wide;  inside  driving  springs,  2ffc.  9in. 
span,  made  of  12  plates,  -j7Fin.  thick  x  3iin.  wide. 

Width  of  engine  over  all,  8ft.  8in. ;  length  over  all,  25ft.  6in. 

Figures  1,  2,  3,  3, 4,  and  5,  Plate  254  given  herewith,  represent  one  of  the 
six- wheel  coupled  luggage  engines,  made  at  the  works  of  Graffenstaden,  near 
Strasburg  in  France,  under  the  superintendence  of  Mr.  J.  Mesmer,  engineer, 
for  the  Northern  Railway  of  France.  We  have  not  been  furnished  with  the 
particulars  of  the  actual  performance  of  these  engines,  but  from  the 
knowledge  we  have  of  the  management  of  goods  traffic  on  the  continent, 
we  may  state  that  they  are  intended  to  draw  very  heavy  loads  at  speeds 
probably  not  exceeding  15  miles  per  hour. 

Their  main  dimensions  and  leading  features  are  as  follows  : — 

Boiler  Baeeel. — 12ft. l^in. long  x  4ft.  diameter;  madeofT'uin.  plates, 
single  rivetted. 

Fiee-box  Shell. — Flushat  the  crown  with  the  barrel,  4ft.  7in.  long  x  3ft. 
7fin.  wide  below  the  centre  of  the  barrel;  made  of  iin.  plates;  height 
from  rails  to  centre  of  barrel,  6ft.  4|in.  Two  safety  valves,  4in.  diameter, 
screwed'  down  by  means  of  spring  balances,  are  placed  upon  the  crown  of 
the  shell. 

Fiee-box. — 4ft.  2in.  long  x  3ft.  |in.  wide  x  5ft.  If  in.  deep ;  made  of 
-fin.  copper  plates,  excepting  the  tube  plate,  which  is  lin.  thick. 

Heating  Sueface. — 143  tubes  (brass)  12ft.  4in.  long  x  2J„in.  diameter 
=  845  square  feet ;  fire-box,  72-36  square  feet ;  total  917'36  square  feet. 

Aeea  oe  Fiee  Grate. — 12-j  square  feet ;  there  are  21  fire  bars  placed  at  a 
small  angle  to  promote  the  consumption  of  smoke  ;  besides  these  there  are 
three  transverse  bars  (the  former  not  extending  over  the  full  length  of  the 
box),  which  may  be  readily  removed  by  means  of  a  handle  and  levers  worked 
from  the  foot  plate,  to  facilitate  the  operation  of  drawing  the  fire. 

Smoke-box. — 2ft.  8Jin.  long,  of  same  diameter  as  the  barrel  of 
which  it  forms  a  prolongation.  It  contains  a  light  wrought-iron  grating 
to  prevent  any  cinders  being  carried  away  by  the  force  of  the  blast. 

Chimney. — 15£in.  diameter  x  13ft.  9iin.  high,  measured  from  the  level 
of  the  rails. 

Cylinders. — Inside,  15in.  diameter  x  24  in.  stroke;  fitted  with  wrought 
iron  piston,  having  packings  somewhat  similar  to  Ramsbottom's.  Steam- 
ports,  HHin.  long  x  l^in.  wide  ;  exhaust  port,  2^in.  wide ;  lap  of  valve, 
1-iVn.  at  front,  and  l-J^-  at  back ;  double  exhaust  pipe  provided  with  wing 
valve,  for  regulating  the  blast ;  blast  orifice,  Sy^in.  diameter. 

Link  Motion. — Shifting  link,  I7in.  long ;  throw  of  eccentrics,  4Jin. 

Connecting  Rod. — Forked,  4ft.  9|in.  long;  cross-head  pins,  2i-|in. 
diameter  x  2-^in.  long ;  bearing  in  crank,  6j-5gin.  diameter  x  4in,  long ; 
crank  pin  journals.  2i^in.  diameter  x  3fin.  long. 


Feeding  Apparatus. — Two  cast-iron  pumps,  4T3jjin.  diameter  x  4|in. 
stroke,  worked  from  the  same  eccentrics  as  the  link  motion ;  and  one 
Giffard's  injector  placed  horizontally  on  the  foot  plate  against  the  side  of 
the  fire-box. 

Regulatoe. — Horizontal  slide-valve  regulator,  placed  on  the  crown  of 
the  barrel,  with  4in.  steam-pipes  leading  to  the  cylinders,  round  the  out- 
side of  the  barrel,  on  each  side  of  it. 

Feames. — Single  inside  plate  frames,  Sin.  deep  x  l73sin.  thick,  placed 
3ft.  llin.  apart,  with  double  axle-forks  rivetted  to  them. 

Wheels  and  Axles. — Six  wheels,  made  of  solid  wrought-iron,  4ft.  8in. 
diameter,  all  underneath  the  boiler  ;  tyres,  5„-in.  wide  x  2in.  thick ;  driv- 
ing axle,  6iin.  diameter  x  6^in.  long  in  journals,  and  6|in.  diameter  in  body  ; 
leading  and  trailing  axles,  6T5ffin.  diameter  x  7jin.  long  in  journals,  and 
5y-g-in.  diameter  in  body  ;  axle  boxes  of  wrought-iron  with  brass  steps. 

Wheel  Base. — Between  leading  and  driving  wheels,  5ft.  llin. ;  between 
driving  and  trailing  wheels,  5ft.;  total,  10ft.  llin. 

Springs. — All  3ft.  lin.  span,  composed  of  14  plates, -||in.  thick  x  3 —in. 
broad. 

Weight  oe  Engine  in  Woeking  Oeder.— On  leading  wheels,  6-77 
tons;  on  driving  wheels,  8'25  tons;  on  trailing  wheels,  9"98  tons  ;  total, 
25  tons. 

Width  of  engine  over  all,  8ft.  6|in. ;  length  over  all,  24ft.  3£in, 

In  our  paper  on  the  steam  engine  proper  (Artizan,  April  last),  we  have 
described  and  illustrated  in  detail  the  leading  parts  of  the  locomotive 
engine  such  as  they  are  generally  made  in  this  country;  and  as  we  have 
illustrated  in  the  accompanying  plate,  a  very  fair  type  of  a  continental 
engine,  we  have,  in  order  to  enable  the  reader  to  compare  the  construc- 
tion of  the  detailed  parts  of  the  same  with  those  made  according  to 
the  practice  of  English  engineers,  given  in  Plate  255  some  of  the  details 
thereof.  Figs.  1  to  9  illustrate  the  connecting  rod  in  detail ;  Fig.  10  the 
body  of  the  piston,  made  of  wrought  iron,  stamped  solid ;  Fig.  11  illus- 
trates the  crosshead  ;  Figs.  12  and  13  the  eccentrics  and  rods,  in  which  it 
will  be  noticed  that  the  two  sheaves  are  cast  in  one ;  and  Figs.  14  and 
15  illustrate  the  regulator.  This  latter  part  is  a  somewhat  complicated 
casting,  and  the  propriety  of  conducting  the  steam  to  the  cylinders 
through  pipes  creeping  round  the  boiler  barrel  outside  seems  to  us  very 
questionable,  both  on  economical  and  on  eesthetical  grounds,  with  inside 
cylinders  especially ;  this  practice,  however,  is  very  prevalent  abroad. 

In  our  paper  on  the  carriage  treating  of  the  wheel  base  and  of  the  dis- 
tribution of  the  load,  in  The  Artizan  of  May  last,  we  have  illustrated 
various  specimens  of  engines  with  the  four  hind  wheels  coupled,  all  taken 
from  recent  practice.  Since  then,  Mr.  Alexander  Allan,  who  is  well  known 
in  the  locomotive  world,  has  written  to  us,  informing  us  that  he  was  the 
first,  at  any  rate  in  this  country,  to  adopt  this  class  of  engines,  which 
is  gaining  very  much  in  favour  now,  and  we  have  deemed  it  right  here  to 
record  this  fact  in  order  to  avoid  misapprehension.  Since  the  publication 
of  our  paper  onsprings,  Mr.  Allan  has  sent  us  also  a  drawing  of  an  im- 
proved waggon  spring,  in  which  the  object  aimed  at  is  constant  sensitive- 
ness under  varying  loads  ;  and  it  seems  to  us  evident,  at  first  sight,  that 
this  object  cannot  but  be  realised  here.  The  spring  has  already  been 
adopted  by  various  engineers,  and,  on  the  score  of  durability,  appears  to 
have  given  general  satisfaction.  We  give  an  illustration  of  this  spring  in. 
the  accompanying  woodcut. 


Six  Ton  Waggon  Speing  eoe  Vaeiable  Loads. 
Scale  ^jth. 


2  plates  36in.  long  +  4in.  wide,  f  at  centre  +  ■£?  at  ends. 

2  plates  32in.  „  „  „  „  I 

If  now  we  cast  a  rapid  glance  upon  the  growth  and  progress  of  loco- 
motive engineering,  we  find  that,  at  the  dawn  of  the  present  century,  the 
problem  was  scarcely  broached;  and  if  some  vague  ideas  concerning  it  were 
entertained  in  the  minds  of  a  few,  these  few  were  probably  looked  upon 
as  wild  dreamers  by  the  sober  many,  believers  in  Pope's  philosophy  that 


2  plates  28J  in.  long  +  4in.  wide,  $  at  centre  +  ^  at  ends. 
Weight  of  Spring  with  buckle  691b. 

ivhatever  is,  is  right,  and  therefore  should  remain  so;  while  at  the  same 
time  the  attempts  to  put  them  into  a  tangible  shape,  when  compared  with 
the  ultimate  impersonation  of  those  ideas,  are  characterised  with  a  crude- 
ness  which  is  scarcely  observable  in  the  early  examples  of  the  stationary 
engine,  some  of  which,  though  dating  back  to  the  latter  quarter  of  last 
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century,  still  contrast  very  favourably  both  in  stateliness  of  proportions 
and  in  economic  working  with  the  most  recently  promulgated  ideas  on  this 
branch  of  engineering.  The  great  saving,  however,  effected  upon  iron 
tramroads  in  the  mineral  traffic  of  the  northern  districts,  by  the  introduc- 
tion of  inclined  planes  and  stationary  engines  (the  expense  being  only 
Jyth  of  that  by  horses  upon  wooden  tramroads)  could  not  but  foster  the 
desire  to  realise  the  same  economy  in  the  traffic  between  places  more  re- 
mote from  each  other,  and  was  likely  to  keep  at  work  the  intelligence  of 
the  inventive  few  immediately  connected  with  mining  works  or  with 
mining  interests.  The  invention  of  spinning  machinery,  which  may  be 
said  to  be  coeval  with  that  of  the  steam  engine,  and  which  from  the  be- 
ginning of  this  century  also  has  been  the  cause  of  that  rapid  development 
taken  by  the  various  industries  in  textile  fabrics  which  still  remains  a 
matter  of  wonder  and  of  curious  speculation  to  the  minds  of  economists 
• — this  circumstance  also  seems  to  have  acted  as  a  great  stimulant  to  the 
search  for  a  power  of  locomotion  affording  the  means  of  swifter  transit 
than  that  afforded  by  common  roads,  or  even  by  canals.  It  seems  to  us, 
however,  a  singular  fact  that,  although  railway  traffic  was  widely  spread 
in  the  northern  coal  district  (the  Stockton  and  Darlington  Railway  being 
the  oldest  one  extant  of  any  considerable  length),  yet  has  the  locomotive 
appeared,  as  it  were,  to  accommodate  the  wants  of  the  cotton  trade,  at  a 
time  too  when  Manchester  and  Liverpool  were  connected  by  a  canal 
affording  the  cheapest  mode  of  transportation  known  to  the  present  day  ; 
and  our  astonishment  is  still  enhanced  when  we  remember  that  the  loco- 
motive, which  fulfilled  the  conditions  of  the  problem  offered  for  solution, 
is  the  contrivance  of  one  who  had  been  all  his  days  connected  with  that 
mineral  traffic  of  the  north.  This  circumstance,  however,  seems  to  point 
to  the  fact  that  the  transit  of  goods  for  the  more  immediate  want  of  man, 
and  the  intercourse  of  individuals  engaged  in  the  traffic  with  the  same, 
has  a  natural  claim  to  precedence  over  any  other  interests,  how  important 
soever  in  its  ultimate  bearings  upon  the  welfare  of  mankind. 

It  is  needless  here  to  reproduce  in  detail  the  incidents  connected  with 
that  trial  of  engines  at  Rainhill,  which,  after  the  fruitless  attempts  of  a 
quarter  of  a  century,  was  the  means  of  giving  a  practical  shape  to,  and 
of  turning  into  reality,  that  which  until  then  had  only  existed  as  a  dream, 
or,  at  best,  as  a  something  that  ousht  to  have  reality.  These  circum- 
stances have  all  been  duly  chronicled,  and  there  is  scarcely  a  mechanic  to 
be  found  who  is  not  acquainted  with  them  in  a  general  way,  while  the 
result  of  that  trial  is  a  living,  omnipresent  fact  which  has  become  part  and 
parcel  of  human  existence  on  earth,  alike  on  the  banks  of  the  Tyne  and 
in  the  plains  of  Hindustan — along  the  rapids  of  the  St.  Lawrence  and  in 
the  prairies  of  the  Brazils  Xo  human  enterprise,  we  believe,  either  of  the 
present  or  of  any  previous  age,  otfers  a  more  striking  illustration  of  the 
well-known  fact  how  great  tilings  may  rise  from  small  beginnings  than 
that  of  railway  communication  ;  for  while  it  maybe  said  that  in  1^2'.i. 
commercially  speaking,  railways  did  not  exist,  in  18G2  they  had  reached 
in  the  Iiiiti^h  Isles  alone  a  development  of  11,500  miles,  with  a  revenue 
of  £29,128,550  sterling ;  and  I  .  ite  developmeut  of  the  railways 

all  over  the  world  probably  does  not  tali  short  of  25,000  miles,  necessi- 
tating the  maintenance  of  12,000  locomotive  engines,  which  alone  represent 
a  capital  of  £24,000,000  Sterling.  When  Stephenson  returned  home 
victorious  from  that  trial  at  Rainhill,  sangnine  though  his  hopes  may  have 
been  as  to  the  ultimate  results  of  1 1 i -.  labours,  yet  we  presume  these  hopes 
must  have  been  very  modest  indeed  when  compared  with  the  figures  just 
quoted.  And  such  has  been  the  case  also  with  regard  to  the  performance 
of  the  engine  itself;  for  thongl  I  at  when  stating 

that  he  expected  ■  to  rnn  at  the  rata  of  18  miles  an  hour, 

it  no   uncommon   thin.'  now,   and  quite  practicable,  to  travel  at  live  I 
that  speed. 

It  is  a  gratifying  eircumstanee  to  know  that,  unlike  many  other  in- 
ventors or  discoverers  in  branches  of  human  industry  or  knowledge  no  less 
important  than  the  one  of  which  we  b  ephen- 

bave  not  b  world'*  ingratitude,  1  their 

lifetime  the)  have  been  partaken  of  ■  ik n 
men  i  the  b  meflti  for  which  the  Irani 

are  indebted  to  them,  while  in  theh 

! aated,  and  th  «i'li  the 

i  the  land, 

I  ti  qnard,  in 
weaving,  or  of  Cert,  In  metallurgy;  bnl  I 
be  unprofitable  to  or  reader*,  by  way  of 

1  hem   th  il ,  alt  ii 

rence,  yet  a 

us  all  i  '  conquer. 

Having  thus  completed  oar  talk,  we  i 
duty  of  publicly  rel 

tired  in  with  their  a^-  i.  Messrs. 

Sharp,  Stewart,  and  t'o..  Mr.  Sinclair,  Mr  an,  It.  i:  . 

Dr.  Pairbalrn,  to  « '■■■ 

are  Indebted  ai  mo  own  laboni 

trust,  niefoJ 
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coxstecctid  at  the  works  of  the  i.  r.  attstbian  state  railway 
Company,  Vienna. 

(Continued  from  page  252.) 

Let  A  (Tig.  17)  be  the  tender  axle,  C  the  false  axle,  a  m'"  =  a'  m"  — 
I  cos  o  the  horizontal  projections  of  the  curves  ;  the  length  m"'  m"=  y  will 
have  to  be  determined  upou.  The  horizontal  projections  a  ■in'",  af  m"  of 
the  circles  which  the  cranks  move  in  from  an  angle  <f>,  as  will  be  seen  by 

Fiff.  17. 


drawing  a'  z  parallel  to  a  m'".  If  we  make  a'  z  =  a'  m",  the  actual 
length  m'"  z  will  be  =  a  a'  =  L',  and  the  required  length  m'"  m"  may 
then  be  determined  by  the  triangle  (in  the  space)  m"  m'"  z.  This  triangle 
will  be  a  rectangular  one,  both  in  the  space  and  projection,  as  m"  -  is  per- 
pendicular upon  m"'  -. 

The  angle 

hi'"  z  a'  =  m'"  a  a  =  k  s, 

.  • .  m"  ;a'  =  i  (180'  -  p)  =  90°  -  i  ? 

being  the  hypotheuuse,  we  have 

m"  m'"  =  V  in"  z-  +  m'"  z-. 
As 


m'"  z  —  L',  m"  z  =  2  1  cos  o  sin  I  a  =  I  cos  o  sin  a 


we  have 


y=^l/-+  /-'  cos-'  a  sin  -.- 


(8) 


The  angle  a  in  this  formula  being  variable,  the  length  of  the  draw-bar 
will  also  be  variable  while  the  crank  revolves. 


When 

consequently, 
S  =  V 


a  =  90°  or  =  2"0"J,  cos  a  =  o 


(») 


i.e.  when  the  crank   occupies   a  vertical  position,  the  length  of  the  draw- 
bar will  be  equal  the  distance  of  the  centres  of  the  crank  circles. 

If,  however,  a  =  0  or  =  180  ,  i.e.,  when  the  cranks  are  in  a  hori 
position,  coa  a  a  1  j  therefore,  if  we  call  L"  the  highest  value  of  y,  we 
have 

L"--/!  n  ■    ■  •     - 

i  cranks  on  both  sides  of  an  axle  (to,  both  the  false  axle  and 
nder  shaft)  are  at  an  angle  of  90  .  we  have,  if  tor  the  one  crank 


V  "•  v'  I- 
a'      DO  0°+a)-sin 

consequent  I  <. ,  for  tbe  othi  r  crank, 

y     «  i 

The  dl  liofbothdri  U  therefore  have  to  be 

If  a  -  0  or  -  180*,  sin  a  -  0,  c  Dsequeutly, 


y  -  >/'  -    s'  1.  L 

» 


(11) 
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If,  however,  cos-  a  =  sin  -a,  i.e.,  if  o  =  45°  or  135°,  we  have 

y  -  y'  =  L'  -  L'  =  o (12) 

To  find,  finally,  the  value  of  the  angle  <j>,  upon  which  the  value  of  all 
the  other  expressions  depend,  let  b  (Fig.  18)  he  the  axis  of  the  engine 
frame,  a  the  axis  of  the  tender  frame,  hoth  frames  to  be  connected  in  0; 

Fig.  18. 


m  in'  the  outside  wheels  of  the  engine  frame,  n  n'  the  outside  wheels  of 
the  tender  frame,  y  y'  the  angles  at  the  centres,  corresponding  to  the 
lengths  a  o  and  b  o. 

If  the  engine  works  regularly,  and  the  carriage  next  to  the  tender  is  con- 
nected with  the  tender  as  the  latter  is  with  the  engine,  the  wheels  m  m' 
n  n'  will  touch  the  outside  rails  with  their  brims,  and  the  angle  of  the 
frames,  which  we  will  terra  <p',  will  be  equal  the  angles  at  the  centre,  i.e., 

t'  =  y  +  y. 

These  angles  being  very  small,  their  tangents  may  be  substituted  for 
them,  and  then  we  shall  have 


o  a 
IT 


It 


j  D  +  A 
B 


+ 


i  D'  +  A' 
B 


(see  Pig.  15)  ,•  or,  since  in  the  locomotive  "  Steierdorf,"  D  =  D',  A  =  A' 
D  +  2  A 


B 


(13) 


If,  however,  the  train  is  connected  with  the  tender  by  a  common  chain, 
the  back  wheel  of  the  tender  running  on  the  outside  rails  will  tend  to 
leave  them,  and  thus  the  angle  <p'  will  be  increased  by  a  quantity  h  o  h' ; 
and,  if  we  term  the  increased  angle  <t>",  we  have 


7.  o  h' 

D  +  2  A 
_____   + 


—  <p 

+ 

7.  o  /.' 

_  A  V 
ho 

v  + 

w 
A 

v  + 

w 
A 

I>  + 

(14) 


The  valve  of  <p"  is  the  utmost  the  angle  of  the  engine  and  tender  can 
reach  during  the  normal  working  of  the  locomotive.  To  find  its  value  in 
degrees  and  minutes,   that  given  in  13  and  14  has  to  be  multiplied  by 

formula  ' 

IT 

The  numerical  values  relating  to  Figs.  15  and  18  may  be  taken  from  the 
table  of  dimensions  (The  Aetizan,  March  1,  1S63,  pages  49  and  50), 
viz. : — 


D  =  D'  =  7ft.    3-1189in. 

A  =  a'  =  2ft.    4-5210in. 

2  I  =  2ft.    0-8911in. 

E  =  2ft.  ll-5217in. 

F  =  3ft.    5-4852in. 

K  =  5ft.    2'2278in. 


L  =  2ft.  0-8911in. 
M  =  4ft.  l-7822in. 
N  =  3ft.  10-9301iu. 
E  =  373ft. 

v  =  l-2446in. 

..  =  0-5186in. 


The  inclination  of  locomotive  and  tender,  for  a  curve  of  373ft.  radius, 
will  then  be,  according  to 

Formula  13      .        .        .     <p'  =1°51' 

„        14      .        .        .     ?"  =  2°43' 

For  the  same  curve,  the  values  denoted  by  the  foregoing  formula;  will  be 
as  follows  : — 


Formula. 

Expression. 

Numerical  values  for  Curves  of 
373ft.  radius. 

If  <p  =  1°  51' 

If  <?  =  2°  43' 

No. 

1 

2 
3 

4 

5 

6 

7 

9 

10 

11 
12 

A  sin.  <p 

Inches. 
■92U8 

■0102 
•0068 

•0034 

24-SG40 
24-9108 

•0197 

24-9108 
24-9140 

•0032 
0 

Inches. 
1-3518 

■0220 
•0147 

•0073 

24-8334 
24-9335 

•0424 

24-9335 
24-9405 

•0070 
0 

F  -  y_2  -  A2  sin.  2<p 

K  —  -y/ K2  —  A2  sin.  2? 

F  -  K  -  v-12  -  A2  sin.  2? 
+  i/lt2  -  A2  sin.  2? 

-v/l2  -  E2  sin.  2? 

■s/h-  +  (N2  -  E2)  sin.  2? 

-y/L2  +  (N2  -  E2)  sin.  2? 
-  L 

_/  =  L' 

\/h''-  +  P  sin.  '2f 

\/h'2  +  P  sin.  -<p 
-  L 

y  —  tf  —  o 

The  result  obtained  from  these  and  further  calculations  as  to  the  condi- 
tion of  the  arrangement  of  the  draw-bars  in  curves,  proves  to  be  the 
following  : — 

1st.  When  the  frames  become  inclined  towards  each  other  in  crossing  a 
curve,  the  draw-bars  and  coupling  gear  will  take  up  a  position  oblique  to 
their  previous  one ;  this  necessitates  the  employment  of  ball  and  socket 
connection  of  both  frames. 

2nd.  The  coupling  apparatus  can  be  constructed  so  that  the  length  of 
all  connecting  and  coupling  rods,  on  crossing  the  curve,  correspond  with 
mathematical  exactitude  with  the  points  to  be  connected,  except  a 
lengthening  and  shortening  of  the  draw-bars  between  the  false  axle  and 
the  coupling  axle  of  the  tender  during  the  revolving  of  the  cranks ;  this 
difference,  however,  amounting  only  to  •O067in.  in  curves  of  373ft.  radius, 
may  be  neglected,  considering  the  unavoidable  allowance  at  the  points  of 
coupling  and  the  elasticity  of  the  material  employed. 

3rd.  The  same  defect  exists  with  respect  to  the  engine  shaft,  since  on 
crossing  a  curve  the  false  axle  approaches  the  engine  shaft  more  than  the 
shortening  of  the  oblique  draw-bars  between  the  driving  shaft  and  the 
false  axle  tree  purports.  The  maximum  of  difference  is  here  likewise 
=  •0067in.,  which  may  of  course  be  neglected. 

A  further  defect  consists  in  the  increase  of  the  distance  of  the  centres 
of  the  crank  circles  between  the  false  axle  and  the  coupling  shaft  on 
crossing  a  curve ;  the  maximum  of  this  error  amounts  to  •0409in.  This 
error,  should  it  prove  injurious,  may  be  rectified  by  means  of  a  joint  to  be 
employed  on  the  vertical  connecting  bar  between  the  false  axle  and  the 
coupling  shaft. 

The  trial  journeys  to  which  the  "Steierdorf"  was  subjected  last  year 
proved  very  successful.  Notes  taken  on  this  occasion  show  that  gradients 
up  to  1  :  40  and  curves  down  to  103  yards  radius  can  be  traveersed  with- 
out disturbing  the  moving  parts. 
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OX  BOILER  EXPLOSION'S. 

Mr.  P.  le  Neve  Foster  read  a  paper  on  this  most  important  snbjeet  by 
the  Astronomer  Royal.  It  stated — In  considering  the  cause  of  the  exten- 
sive mischief  done  by  the  bursting  of  a  high  pressure  steam  boiler,  it  is 
evident  that  the  small  quantity  of  steam  contained  in  the  steam  chamber 
has  very  little  to  do  with  it.  That  steam  may  immediately  produce  the 
rupture,  but  as  soon  as  the  rupture  is  made  arid  some  steam  escapes,  the 
pressure  on  the  water  is  diminished,  a  portion  of  the  water  is  immediately 
converted  into  steam  at  a  slightly  lower  temperature  and  lower  pressure  ; 
and  this,  in  the  same  way,  is  followed  by  other  steam  of  still  lower  tempe- 
rature and  pressure,  and  so  on,  till  the  temperature  is  reduced  to  212  P., 
and  the  pressure  to  0.  Then  there  remains  in  the  boiler  a  portion  of  the 
water  at  the  boiling  point,  the  other  portion  having  gone  off  in  the  shape 
of  steam  of  considerably  diminishing  pressure.  From  this  it  is  evident 
that  the  destructive  energy  of  the  steam,  when  a  certain  pressure  is  shown 
by  the  steam-gauge,  is  proportional  to  the  quantity  of  water  in  the  boiler. 
By  the  assistance  of  Professor  Miller,  of  Cambridge,  Messrs.  Ransome,  of 
Ipswich,  and  Geo.  Biddell,  Esq.,  I  have  been  able  to  obtain  a  result  which 
I  believe  to  be  worthy  of  every  confidence.  1  will  first  state  as  the  imme- 
diate result  of  Mr.  Biddell'a  experiments,  that  when  there  were  in  the 
boiler  of  a  small  locomotive  22  cubic  feet  of  water,  at  a  pressure  of  GOlbs. 
per  square  inch,  and  the  fire  was  raked  out,  and  the  steam  was  allowed  gently 
to  escape  with  perfect  security  against  priming,  the  quantity  of  water 
which  passed  oft'  before  the  pressure  was  reduced  to  0,  was  2j  cubic  feet 
or  i  of  the  whole.  In  regard  to  the  use  made  of  Professor  Miller's  theory, 
Professor  Miller  had  succeeded  in  obtaining  a  numerical  expression  of  the 
pressure  of  the  steam  at  twelve  different  measures  of  the  volume  occupied 
by  water  and  steam,  which  expression  I  have  succeeded  in  integrating' 
accurately,  and  I  have  thus  obtained  an  accurate  numerical  expression  of 
the  destructive  energy  of  the  steam.  In  regard  to  the  use  of  General 
Didion's  experiments,  these  experiments  give  the  velocity  of  the  ball, 
in  cannon  of  different  sizes,  produced  by  different  charges  of  powder.  I 
have  found  by  trial  which  of  these  experiments  exhibit  the  greatest  energy 
per  kilogramme  of  powder,  and  have  adopted  it  in  the  comparison.  The 
result  was  as  follows: — The  destructive  energy  of  one  cubic  foot  of  water 
at  601bs.  pressure  per  square  inch,  is  equal  to  the  destructive  energy  of  two 
English  pounds  of  gunpowder,  in  General  Didion's  cannon  experiments. 
Gen.  Didion's  experiments  were  made,  as  I  understand,  with  smooth  bored 
cannon.  It  cannot  be  doubted  that  much  energy  is  lost  in  the  windage  ; 
some  also  from  the  circumstance  that  the  propelling  power  cease*  at  the 
rnuz/.le  of  the  gun  before  all  the  energy  is  expended,  and  some  from  the 
coolneu  of  the  metal  If  we  suppose  that,  from  all  sanies,  one  half  of 
the  energy  is  lost,  then  we  have  this  simple  result.  The  i-'.oige  pressure 
being  ire  inch,  one  cubic  foot  of  water  itructive  as 

one  pound  of  gunpowder  In  one  of  Mr.  Biddell'a  experiments,  the  steam 
valve  was  opened  rather  suddenly,  and  the  steam  escaped  instantly  with  a 
report  like  that  of  a  very  heavy  piece  of  ordnance.  This  is  not  to  be  won- 
dered at,  for  it  appears  from  the  comparison  above  that  the  effect  was  the 
same  as  that  of  tiring  a  cannon  who,.'  charge  is  I  libs,  of  powder. 

Mr.  Win.  Pairbairn,  F.R.S.,  said  he  himself  had  paid  considerable  atten- 
tion to  the  subject  of  boiler  ex.;  glad  to  find  that  Pro- 
■  Lirey  had  drawn  attention  to  it.  It  was  a  most  important  subject, 
as  about  L60  persons  were  killed  annually  from  boiler  explosions.  That  was 
the  reason  they  had  forme  in  Manchester  for  the  purpose 
of  preventing  boiler  i  It  had  now  been  in  operation  for  about 
eight  yrirs.  and  he  believed  there  had  only  bean  one  or  two  lives  lost  during 
that  tune  by  the  explosion  of  boilers  under  He-  inspection  of  this  associa- 
tion; whereas  in  io(  under  tb  -\  of  this  association, 
there  had  been  two  *  tun  I  a  had  done 
a  large  amount  of  this  kind;  and  he  would 
earnestly  recommend  the  establishment,  in  a  district  like  that  around 

Newcastle,  where  '<'■■■  J  bad  m  manj  boiler-  in  operation,  of  a  similar  asso- 
ciation,     lie  merely   i neii tioind   those  facts    to  show  that   people  having 

boilers  should  associate  tb  rthe  purpose  of  preventing  explosions, 

other  might  interfere  to  establish  a  system  of  inspec- 

tion not  so  pleasant  to  those  having  i,  .iiers  under  their  charge. 


dovetailed  projection  similar  to  that  on  the  rim  ;  two  wrought  iron  securing 
rings  are  then  turned  with  angular  projections  corresponding  to  the  angular 
grooves  of  the  rim  and  tyre.  One  of  these  rings  being  laid  down  with  the 
projections  upwards,  the  wheel  rim  is  placed  upon  it  with  one  of  its  grooves 
taking  the  internal  projection  of  the  ring;  the  tyre  then  being  laid  with 
one  of  its  grooves  corresponding  to  the  outer  projection  of  the  ring,  an 
annular  space  of  §  to  1"  will  be  left;  all  round  between  the  rim  and  tyre; 
the  other  securing  ring  is  then  dropped  into  the  grooves  on  the  upper  side 
of  the  tyre  and  rim  respectively,  and  finally  bolls  are  passed  through  the 
two  securing  rings  and  through  the  annular  space  left  between  the  tyre 
and  rim;  these,  being  screwed  up  with  nuts  on  the  outer  side  of  the  wheel, 
hold  the  whole  firmly  together,  and  form  a  most  compact  and  simple  tvre 
fastening. 

The  first  and  most  important  advantage  claimed  for  this  system  over 
the  ordinary  tyre  fastening  is  its  perfect  safety  ;  for,  should  the  tyre  become 
loose,  or  even  were  it  to  break  into  a  number  of  pieces,  no  portion  of  it 
could  possibly  leave  the  wheel,  for  the  securing  rings  would  still  have  a 
firm  hold  of  the  dovetail  projection  on  each  piece  of  the  tyre,  and  no  force 
much  short  of  the  ultimate  strength  of  the  section  of  the  two  rings  through 
the  bolt  holes  could  ever  fracture  them.  This  power  could  never  be  at- 
tained by  the  centrifugal  force  of  a  portion  of  a  broken  tyre  carried  round 
by  the  wheel,  however  fast  it  might  he  revolving. 

Secondly,  a  large  proportion  of  the  accidents  arising  from  broken  tyres, 
occur  during  the  period  of  severe  frosts,  when  the  contraction  of  the  iron, 
due  to  the  great  reduction  of  temperature,  is  productive  of  a  still  further 
increase  to  the  strain  already  exerted  by  the  initial  "shrinkage"  of  the 
tyre,  and  is  owing  to  there  being  no  provision  made  in  the  ordinary  method 
of  fastening  to  allow  for  this  contraction  and  expansion.  In  this  system 
of  fastening,  on  the  contrary,  each  part  is  possessed  of  a  certain  amount  of 
elasticity,  which,  by  the  peculiar  construction,  admits  of  the  contraction 
and  expansion  of  one  part  without  danger  of  fracturing  any  of  the  rest ; 
each  part  also  is  so  arranged  that  it  is  subject  to  the  same  degree  of  ex- 
pansion and  contraction  as  its  neighbouring  part,  so  that  there  can  never 
be  any  severe  opposition  of  forces  due  to  that  cause,  tending  to  break  any 
of  the  weaker  parts  of  the  wheel. 

Thirdly,  in  consequence  of  the  tyre  not  being  shrunk  on,  as  in  the  ordinary 
manner,  but  fixed  to  the  wheel  in  a  cold  state,  the  malleable  qualities  of 
the  iron  are  preserved  quite  unimpaired,  and  crystallisation  (a  frequent 
consequence  of  the  heating  and  shrinking)  is  entirely  prevented. 

Fourthly,  the  injurious  degree  of  constant  tension  is  altogether  obviated, 
as,  instead  of  there  heing  always  a  force  tending  to  break  the  tyre,  the 
force,  as  applied  to  this  wheel,  draws  it  uniformly,  by  the  action  of  the 
dovetails,  towards  the  centre,  and  therefore  all  unnecessary  strain  is  re- 
moved from  the  tyre. 

Fifthly,  should  Iiown's  tyre  become  loose,  it  can  be  re-fastened  with  the 
greatest  facility,  as  it  is  only  necessary  to  tighten  up  the  nuts  on  the 
bolts,  so  as  to  draw  the  securing  rings  more  tightly  into  the  dovetail 
grooves,  and  thereby  hold  the  tyre  more  firmly. 

Sixthly,  its  lightness  and  flexibility,  combined  with  its  strength,  beni" 
adapted  to  obviate  the  breakage  of  axles,  a  by  no  means  uncommon  occur- 
rence with  wheels  of  extreme  rigidity, constructed  under  the  common  system. 

Seventhly,  the  readiness  with  which  this  wheel  can  be  repaired,  should 
any  part  of  it  become  damaged,  without  the  whole  having  to  be  condemned, 
is  a  very  important  advantage,  in  an  economical  point  of  view,  as  the 
whole  is  so  readily  taken  to  pieces,  and  other  spare  duplicate  parts  ad- 
justed to  replace  those  damaged.  A  most  favourable  comparison  maybe 
drawn  in  this  particular  between  the  patent  and  ordinary  fastening,  as 
will  be  seen  from  the  following  statement  of  the  weights,  cost,  and  time 
required  to  ieplaceone  bad  tyre  by  each  system: — 


BOWN'S  PATENT  Ti  RE  FASTENING. 
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of  3ft.  Sin.  diameter  :   and  of  2qrs.,  Bibs,  weight, 
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difference  in  time  i-  accounted  for  by  the  Injured  ordinary  tvre  having  to 

rim,  and  tin-  new  ordinary  tyre  the 

rim;  a  the  wl 1  umh  r  notice,  the  tyre  is  taken  off  and  re 

plan  I  Brewing  the  bolts,  lifting  off  the  old  tyre, 
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Eighthly,  the  extreme  simplicity  of  construction  is  productive  of  great 
advantages,  when  it  becomes  necessary  to  re-tyre  the  wheels,  which  is  a 
very  important  feature  in  the  maintenance  of  rolling  stock.  The  following 
comparison  will  show  that  the  weight  of  a  set  of  tyres  and  the  cost  of 
re-tyring  by  the  patent  fastening  is  considerably  less  than  that  for  one 
fastened  by  the  ordinary  method: — For  re-tyring  a  set  of  3ft.  6in.  wheels 
by  the  patent  method  the  tyres  will  weigh  12cwt.  Oqrs.  121bs.,  against 
14cwt.  2qrs.  lOlbs.  by  the  ordinary,  giving  2cwt.  lqr.  261bs.  in  favour  of 
the  former ;  while  the  respective  costs  for  re-tyring  a  set  will  be,  by  Bown's 
patent,  as  shown,  £13  15*.  6cl.,  against  £16  Is.  3d.  by  the  ordinary,  or  a 
saving  of  £2  5s.  9a!.,  per  set  in  wheels  of  that  size  ;  and  for  wheels  of  3ft.  lin. 
diameter,  the  weight  saved  per  set  is  2cwt,  Oqrs.  241bs.,  and  the  saving  in 
cost  £1 18*.  lie?. ;  or,  for  the  larger  wheels,  14  per  cent.,  and  for  the  smaller 
13i  per  cent,  below  the  sums  expended  for  that  process  in  the  ordinary 
way,  an  item  of  very  great  importance  in  an  extensive  system  of  rolling 
stock. 

Ninthly,  another  considerable  advantage  gained  by  this  improved  tyre  is 
that  it  can  be  efficiently  and  economically  applied  to  other  ordinary  wheels, 
which  are  in  use,  after  the  tyies  are  worn  down,  without  having  recourse 
to  the  necessity  of  condemning  one  class  of  wheel  in  order  to  introduce 
one  of  more  modern  construction,  as  all  that  is  required  to  adapt  them  to 
the  new  fastenings,  is  to  turn  the  dovetailed  grooves  in  the  rim  of  the  old 
wheel;  and  the  new  tyre,  with  its  securing  rings,  are  dropped  into  their 
respective  places  and  secured  with  far  greater  facility  than  by  any  other 
method  hitherto  adopted.  By  this  means  wheels  of  any  class  may  be 
utilized ;  even  those  which  have  been  condemned  and  put  out  of  use  by 
railway  companies,  as  being  too  small,  may  be  increased  in  diameter  to  the 
extent  of  from  two  to  five  inches ;  and  it  will  also  ha  seen  that  a  larger 
wheel  can  at  all  times  be  obtained  by  the  use  of  this  method,  from  which 
a  considerable  saving  in  tractive  power  and  in  the  wear  and  tear  of  journals 
and  brasses  will  be  effected.  The  weight  of  tyres  with  fastening,  and  the 
net  cost  of  preparing  and  securing  one  set  of  four  tyres  to  old  wheels 
ready  for  use,  the  tyres  being  put  on  cold,  is,  for  a  set  of  3ft.  6in.  wheels, 
weight  19cwt.  lqr.  41b.,  and  the  net  cost  £11  4?.,  for  a  set  of  3ft.  lin. 
wheels,  weight  llcwt.  2qrs.,  and  the  net  cost  £8 19*. 

The  question  of  durability,  as  compared  with  the  ordinary  wheel,  also 
inclines  in  favour  of  the  patent  tyre,  doubtless  in  consequence  of  the 
elastic  nature  of  the  fastenings  resulting  from  the  particular  arrangement 
of  the  parts  in  respect  to  each  other.  An  example  or  two  will  illustrate 
this.  A  pair  of  each  kind  manufactured  by  the  Kirkstall  Forge  Company 
were  placed  under  a  break  van,  the  tare  of  which  was  9tons  3cwt.,  and 
after  having  made  a  mileage  of  19,131  miles,  the  loss  of  weight  in  running 
that  distance  was,  for  the  patent  tyres  72ibs.,  and  for  the  ordinary  961bs., 
or  25  per  cent,  in  favour  of  the  former.  A  second  pair  of  each,  by  the 
same  makers,  were  placed  under  a  break  van,  the  tare  of  which  was  9  tons, 
and  after  running  21,991  miles,  the  loss  of  weight  sustained  by  the  patent 
tyres  was  301bs.  and  by  the  ordinary  ones  441bs.,  or  3P8  per  cent,  again  in 
favour  of  the  patent  tyres. 

A  large  number  of  these  wheels  and  tyres  are  now  undergoing  some  of 
the  severest  tests  possible  in  the  regular  course  of  railway  working.  There 
are  already  some  40  or  50  break  vans  furnished  with  patent  tyres  in  con- 
stant work  on  the  London  and  North-Western  Railway.  The  pair  under 
notice  have  been  recently  taken  from  under  a  break  van  running  on  the 
Chester  and  Holyhead  line.  The  tyre  of  each  wheel  is  cut  into  four  seg- 
ments, and  is  held  in  position  on  the  periphery  of  the  rim  by  no  other 
means  than  those  already  described.  In  this  condition  they  ran,  between 
March,  1S62,  and  June  last,  a  distance  of  46,973  miles.  After  running 
that  distance,  they  were  put  into  a  lathe  and  the  tyres  turned  up,  and 
from  that  month  to  the  18th  of  the  present  they  have  run  8618  miles, 
making  a  total  of  55,591  miles.  The  tare  of  the  break  van  under  which 
they  were  running  is  7  tons  lOcwt. 

This  is  the  most  conclusive  evidence  of  the  perfect  security  assured  by 
these  wheels,  as  it  is  thereby  demonstrated  that,  if  even  a  tyre  should  be 
broken  into  several  pieces,  they  will  still  he  retained  in  their  places  ;  and  no 
inconvenience  whatever  would  be  felt  by  the  passengers,  nor  would  a  train 
be  so  much  as  detained.  Other  wheels  of  the  same  descriptions  have  run 
on  the  same  line  80,000  miles  under  break  vans,  and  some  with  tyres,  only 
half  an  inch  thick  on  the  outside  edge,  have  run  upwards  of  12,000  miles  in 
that  condition,  which  is  perhaps  the  severest  test  to  which  a  wheel  could 
be  subjected,  and  yet  no  single  instance  of  failure  has  ever  resulted  from 
any  one  of  these  numerous  trials. 

The  first  cost  of  a  complete  set  of  wheels  with  Bown's  patent  fastenings 
is  about  that  of  the  ordinary  kind;  but  it  must  be  borne  in  mind  that  in 
the  former  the  expenses  of  repair  and  re-tyring  are  very  materially  less 
than  is  the  casein  the  latter  ;  therefore,  proprietors  of  rolling  stock  would 
do  well  to  consider  the  advisability  of  adopting  such  wheels,  not  only  on 
the  ground  of  safety,  but  also  on  that  of  economy ;  and  no  excuse  hereafter 
can  be  satisfactorily  advanced  whenever  any  disaster  may  take  place  arising 
from  the  separation  of  a  broken  tyre  from  the  body  of  a  wheel. 


ON  THE  APPLICATION  OP  MACHINERY  TO    COAL    CUTTING. 
By  Samt/ei,  Fibth. 

Numerous  efforts  have  been  made  during  the  last  fifty  years  to  bring 
coal  cutting  in  mines  under  the  influence  of  mechanical  power,  but  in  no 
case,  I  believe,  except  at  the  West  Ardsley  Colliery,  has  any  continuous 
operation  survived  the  experimental  period.  I  do  not  expect  that  the 
introduction  of  machinery  into  coal  mines  for  the  purposes  named  would 
materially  diminish  the  number  of  persons  employed,  hut  rather  that  the 
effect  would  be  to  meet  the  increasing  consumption.  That  increase  may 
safely  be  taken  at  two  millions  of  tons  per  annum ;  and  to  supply  that 
increase  would  require  an  annual  increase  of  labourers,  amounting  to  about 
3500.     Thus  there  will  not  be  any  violent  displacement  of  labour. 

The  steam  engine  has  a  20in.  cylinder,  and  the  air  pump  ISin.  The  air 
is  worked  at  a  pressure  of  about  501b.  to  the  square  inch.  The  air  is 
conducted  down  the  shaft  in  iron  pipes  of  4in.  diameter,  and  thence  to  the 
workings  (about  800  yards)  in  gas  piping,  and  down  the  face  by  India 
rubber  piping  of  lin.  diameter,  which  is  connected  to  the  machine.  The 
machine  is  moved  on  iron  rails  laid  on  cross  iron  sleepers,  and  is  propelled 
a  little,  after  each  blow  of  the  pick,  by  the  handwheel.  Generally  the 
machine  is  passed  three  times  over  the  face  of  the  coal,  each  time  with  a 
longer  "pick,"  to  gain  the  requisite  depth  for  taking  down.  The  first  cut 
being  18in.  to  20in. ;  the  second,  9in.  to  llin. ;  and  the  third,  from  6in.  to 
Sin.;  36in.  being  the  depth  aimed  at  and  accomplished.  The  actual  quantity 
of  work  done  in  six  consecutive  days  of  eight  hours  each,  by  one  man  with 
one  machine,  was  618j  yards,  or  about  800  tons  of  coal. 

The  man  is  attended  by  two  boys,  who  clean  out  the  groove  and  remove 
the  coal  thrown  out  by  the  machine.  In  the  West  Ardsley  seam  a  man 
will  average  7|  yards  of  coal  a  day ;  so  that,  if  the  machine  were  worked 
by  shifts  of  eight  hours,  three  men  and  six  hoys  would  do  the  work  of  40 
men,  and  that,  too,  the  most  severe  and  trying  work  in  the  pit. 

It  must  be  understood  that  at  West  Ardsley  the  seam  is  somewhat 
favourable  for  the  purpose.  It  is  4ft.  thick,  having  a  good  roof  and  floor, 
and  is  worked  on  the  long  wall  system,  with  a  somewhat  soft  hareing  part, 
about  12in.  above  the  floor,  and  in  this  the  pick  works. 

The  machine  thus  far  has  only  been  put  to  "bareing"  or  "  kirving,"  but 
the  proprietors  expect  to  effect  "  straight  work"  by  a  different  arrange- 
ment of  the  picks.  The  filling  and  all  other  work  of  the  pit  is  untouched 
by  this  machine^  The  air  power  works  admirably,  and  its  use  gives  a 
cool  and  refreshing  stream  of  pure  air  to  the  far  distant  works,  which 
issues  from  the  cylinder  at  a  temperature  very  little  above  freezing  point. 

It  will  not  be  necessary  to  say  here  that  the  air  power  is  acquired  by  a 
much  larger  measure  of  steam  power;  but  this  is  not  a  material  item  at  a 
colliery,  where  so  much  engine  coal  is  almost  worthless.  I  am  not  pre- 
pared with  the  exact  commercial  results  or  saving  in  cost,  but  at  West 
Audsley  this  part  of  the  question  is,  I  believe,  eminently  satisfactory. 

I  have  been  informed  that  some  experiments  have  been  made,  within  the 
last  few  days,  at  the  Hetton  Colliery,  by  the  West  Ardsley  machine ;  and 
although  the  seam  is  of  a  hard  nature,  the  kirving  was  done  3ft.  deep  with 
a  groove  of  3in.  at  the  face  and  2in.  at  the  back,  giving  an  average  cut  of 
2|in.  high,  whereas  the  average  height  of  hand  kirving  in  the  same  seam 
is  about  llin. 
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DESCRIPTION  OP  LIGHTHOUSES  LATELY  ERECTED  IN  THE 
BED  SEA. 

By  Mr.  W.  Paekes,  M.  Inst.  C.E. 

Having  been  instructed  by  the  Board  of  Trade  to  make  the  necessary  prelimi- 
nary surveys  for  establishing  lights  to  facilitate  the  navigation  of  the  northern 
portion  of  the  Red  Sea,  the  author  recommended  three  sites,  1,  Zafavana  Point 
on  the  Egyptian  shore,  50  miles  from  Suez  ;  2,  the  Ushvuffee  reef,  on  the  western 
side  of  the  navigable  channel  of  the  Straits  of  Juhal,  150  miles  from  Suez  ;  and  3, 
the  Dcedalus  reef,  in  the  centre  of  the  Red  Sea,  350  miles  from  Suez,  and  180 
miles  from  the  entrance  of  the  Gulf  of  Suez.  These  sites  having  been  approved 
by  the  Egyptian  Government,  by  the  Board  of  Trade,  and  by  the  Directors  of 
the  Peninsular  and  Oriental  Steam  Packet  Company,  the  immediate  execution  of 
the  works  was  authorised,  upon  designs  submitted  by  the  author. 

Zafarana  Point  being  on  the  mainland,  it  was  considered  most  advantageous 
to  construct  a  tower  and  lightkeepers'  dwellings  of  rubble  stone,  and  to  employ 
native  labour  entirely,  under  the  direction  of  H.  E.  Limmt  B»y,  the  chief  en- 
gineer of  the  Public  Works  department  of  the  Egyptian  Government.  The 
design  presented  no  feature  calling  for  special  remark,  and  -the  works  had  been 
carried  out  in  a  very  satisfactory  manner.  The  light  was  a  fixed  dioptric  of  the 
first  order,  visible,  over  five-eighths  of  a  circle,  at  a  distance  of  14  miles.  It  was 
first  exhibited  on  the  1st  January,  1862. 

The  main  features  of  the  other  sites  were  then  described.  The  Ushruffee  was 
a  coral  reef  of  winch  the  sides  sloped  irregularly  from  the  level  of  a  few  inches 
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under  low  water  to  a  depth  of  from  8  to  10  fathoms,  no  part  being  above  the 
water,  and  there  being  very  little  sand,  even  iu  the  cavities  of  the  coral.  The 
Dcedalus  reef  was  a  submerged  island,  with  a  flat  top  of  an  oval  form  1200  yards 
in  length  and  450  yards  in  breadth,  the  sides  being  generally  vertical,  or  in  some 
places  even  overhanging.  The  actual  surface  of  the  coral  was  about  6in.  under 
low  water  ;  but  there  was  a  small  shifting  bank  of  sand  near  the  south-east  end, 
which  was  dry  at  low  water,  and  sometimes  also  to  a  small  extent  at  high  water. 
The  range  of  tide  was  about  2ft.  at  springs. 

The  peculiar  conditions  which  had  to  be  considered,  in  designing  the  proposed 
constructions,  were — First,  the  force  of  the  sea  would  be  completely  broken  at 
some  distance  within  the  edge  of  the  reef.  Secondly,  the  structures  would  have 
to  be  built  upon  the  surface  of  the  reef,  and  not  be  sunk  into  it,  as  no  additional 
security  could  be  thus  obtained,  while  the  advantage  of  the  natural  platform 
would  be  lost.  Thirdly,  in  the  absence  of  any  definite  experience  as  to  the 
actual  weight  which  the  reefs  would  bear  without  being  crushed,  it  was  desirable 
to  keep  the  weight  per  superficial  foot  of  foundation  as  low  as  possible.  Fourthly. 
the  buildings  had  to  be  designed  so  as  to  mitigate  the  intense  summer  heat. 
And  fifthly,  in  the  case  of  the  Dcedalus,  as  the  materials  would  have  to  be  brought 
from  Suez,  and  as  there  was  no  anchorage,  it  was  necessary  that  a  steamer  should 
be  employed,  capable  of  keeping  close  to  the  reef  in  any  wind,  and  of  providing 
quarters  for  the  workmen  and  storage  room  for  the  materials,  until  a  proper 
depot  and  habitation  could  be  formed  ou  the  reef  itself.  These  requirements 
rendered  it  essential  that  the  materials  should  be  small  in  bulk,  that  the  several 
parts  should  be  light  and  easily  handled,  and  that  the  mode  of  putting  them 
together  should  be  as  simple  as  possible. 

It  appeared  to  the  author  that  these  conditions  would  be  best  attained  by 
adopting  a  structure  of  wrought-iron  supported  on  teak  piles,  resting  on  and  the 
feet  bedded  in  a  layer  of  concrete,  so  as  to  distribute  the  weight,  the  surface  of 
the  concrete  being  a  little  above  the  level  of  high  water  ;  and  that  by  filling  in 
the  wrought-iron  framework  with  strong  corrugated  iron,  so  as  to  form  a  series  of 
rooms  one  above  the  other,  as  a  central  column  with  verandahs,  or  galleries, 
around  each  ror.m,  likewise  partially  enclosed,  a  portion  at  least  of  the  sun's  rays 
would  be  prevented  from  falling  on  the  walls  of  the  rooms,  whilst  there  would  be 
a  free  admission  of  air. 

As  the  Dcedalus  light  had  only  to  guard  against  the  dangers  of  the  reef  on 
which  it  was  placed,  it  was  not  necessary  that  that  structure  should  exceed 
the  limited  height  that  would  allow  of  four  tiers  of  rooms,  and  of  accommoda- 
tion for  the  lighting  arrangements.  These  together  brought  the  light  to  an 
elevation  of  62ft.  above  the  mean  level  of  the  sea.  As  the  Ushruffee  light  had  to 
lead  vessels  past  dangers  12  or  1!  miles  distant,  a  more  powerful  light,  at  a 
greater  elevation,  was  required.  The  height  fixed  upon  was  l2Sft.  above -the 
mean  level  of  the  sea.  The  framework  v.  as  of  the  same  description  in  both  cases, 
hut  in  the  latter  case  there  were  eleven  tiers,  whereas  in  the  Dcedalus  there  were 
only  four  tiers.  Details  were  then  given  of  the  Ushruffee  structure,  as  being  the 
larger  of  the  two.  It  was  stated  that  this  structure  was  supported  upon  eighteen 
each  18ft.  long  and  I8in.  diameter,  arranged  in  two  concentric  circles.  '1'be 
inner  circle  consisted  of  six  piles  and  was  iSft.  diameter,  while  the  outer  circle 
was  formed  of  six  pain  of  piles  (the  piles  ot  each  pair  being  Oft.  apart),  37ft. 
diameter  at  the  top,  aud  the  feet  spread  outwards  at  a  batter  of  1  in  12.  The 
feet  ot  the  piles,  resting  upon  the  natural  surface,  and  there  were  shonlders  on  each 
piles,  resting  on  sleepers  of  teak,  bedded  on  the  concrete  2  to  'lit.  above 
-urface  of  (hi-  coral.  The  heads  of  the  piles  passed  through  circular  wrought- 
iron  collars,  to  which  they  were  accurately  fitted,  and  any  loosening  by  the  shrink- 
age ot  'the  ir,  by  fitting  a  number  of  wedges  of  greenheart 
timber  into  corresponding  groves  in  the  pile  beads,  in  which  they  could  be  driven 
down  when  slack.  A  direct  bearing  surface  was  also  given  by  iron  screws  'Jin. 
diameter,  which  passed  thro  liar,  and  entered  Sin.  into  the  wood.  The 

collars  had   projecting   anus   to  which    the   bottom   framing  was   riveted.     The 

superstructure  consisted  ol  a  repetition  of  three  main  parts,  which  might  be 
called  respective!]   rtandat  I  En    sadh    tier  there  were 

twenty-foul  arranged  in  two  oeneentric  eireta*,  and  these  were  con- 

nected at  the  top  and  bottom  l>v  'ills,  thus  forming  two  twelve-sided  polygons, 
the<  £  angle*  ol    whlCl  by  the  radiators.     With   the 

exception  of  a  fet                trthe  botto  .  ,re..h  i  i  cwt.  in 

weight.    The  floors  ot  thereon     wei  a  plot    covered  with 

concrete,  and  from  tbi  a  nemispherica]  water 

tank,  capable  ot  holding  1">i>o  gallons.    The  floor  of  the  galleries  were  formed  ol 

open  east-iron  ■_  i  ic  whole  of  the  irmiwor-  1 1  Bted 

on  Messrs,  Porn  .  at   Liverpool,  with  the  view  ol  attain- 

trength.     While  at  its 

full  height,  with  the  i  tcepti rl  ittom  and  the  lantern  al  the 

top,  but  with  the  joints  mere))  b  ,  it  was  exposed,  in  September  and 

t October,  i  threbj  ot  ■_'<>.-, n,,. 

and  21'-'!  lbs.  per  mng  of  the 

joints,  and  ent  at 

the  top,   though  then  •  'on  on  the  1 1 

had  been  I  868,  with 

similar  results  ;   for  although 

symptoms  of  straining  having 

meral  principles  of  the  .'.ere  the 
game  as  those  ol  the  Ushruffee,  with  mailer  m/.c 
demanded  ;  thus  I  lie  dimen- 
sions of  the  parts  of  the  framework  wei  dI  the 

I  'shrutl'ee.    The  buildi. 
..libit1  uinlei    i 

for  the  Ushruffee  and  I 

e\  erj  respect.    Thr  ■ .  wa    ol  re- 

.  thev  were  similar  to  tUOSS 

for  the  Trinity  Corporation,  but  with  special  am 


powerful  effects  of  the  sun.  At  the  suggestion  of  Professor  Faraday,  a  wind- 
guard  was  substituted  for  the  ordinary  revolving  vane  and  cowl.  The  lanterns 
and  light  apparatus  were  furnished  by  Messrs.  Wilkius  and  Co.,  the  optical 
portion  having  been  manufactured  by  Messrs.  Chance,  Brothers,  whose  im- 
provements in  lighthouse  illumination  deserved  special  notice.  The  Zafarana 
and  the  Dcedalus  were  fixed  lights,  while  the  Ushruffee  had  a  revolving  light 
frame. 

The  whole  of  the  materials  of  the  two  iron  lighthouses,  and  of  the  three 
lanterns  and  light  apparatus,  were,  with  some  trifling  exceptions,  despatched 
from  Liverpool  within  ten  mouths  from  the  date  of  the  author  receiving  in- 
structions to  proceed  to  survey  the  sites,  at  a  distance  of  nearly  3000  miles  from 
Great  Britain. 

As  the  structures  were  designed  with  a  special  view  to  the  peculiar  circum- 
stances of  the  sites  upon  which  they  were  to  be  erected,  it  was  considered  desir- 
able to  give  some  account  of  the  operation  of  erection.  The  Peninsular  and 
Oriental  Steam  Packet  Company  granted,  gratuitously,  the  services  of  the  Union, 
a  screw  steamer  of  300  tons  and  (iO-horse  power,  the  Egyptian  Government  pay- 
ing for  all  wages,  stores,  and  coal.  The  materials  arrived  at  Alexandria  on  the 
12th  of  November,  1860,  but  it  was  not  until  the  20th  of  December  following 
that  they  were  all  received  at  Suez,  and  placed  on  hoard  the  Union,  which  then 
sailed  for  the  Ushruffee  reef.  The  expedition  thus  commenced  was  unfortunately 
not  successful.  The  causes  of  the  failure  were  given  at  length  in  the  paper,  but 
it  would  be  sufficient  to  state  the  results  of  the  season's  labour,  which  lasted 
three  months.  The  piles  were  erected  on  the  reef,  and  their  heads  were  con- 
nected by  the  bottom  iron  frame.  The  whole  of  the  ironwork  was  landed,  and 
1  lid  out  iu  order  upon  one  of  the  neighbouring  islands.  This  was  not  originally 
intended,  as  the  plan  decided  upon  was  to  moor  the  ship  as  near  as  possible  to 
the  reef  during  the  progress  of  the  works,  and  to  land  aud  sort  the  materials 
upon  the  concrete  base  of  the  lighthouse  itself.  After  a  full  inquiry  into  the  cir- 
cumstances which  had  led  to  this  failure,  the  author  was  instructed  to  make 
arrangements  for  a  new  expedition,  and  he  readily  assented  to  the  suggestion 
that  he  should  remain  on  the  spot,  until  the  operations  as  to  which  difficulty 
had  been  anticipated  were  completed.  The  permanent  superintendence  was  in- 
trusted to  the  late  Mr.  C.  W.  Scott  (Assoc.  Inst.  C.E.),  Captain  W.  Kirton  being 
in  command  of  the  Union.  As  the  materials  had  been  landed  on  the  Ushruffee 
Nlauil.it  was  determined  to  form  a  land  establishment  for  the  working  party 
there,  rather  than  to  quarter  the  men  on  board.  This  left  the  steamer  free  to 
carry  a  working  party  to  the  D.edalus,  without  interfering  with  the  operations 
on  the  Ushruffee.  The  stall'  was  re-organised,  and  the  list  of  plant  and  of 
materials  revised ;  but  owing  to  several  causes  the  operations  were  not  resumed 
ou  the  Ushruffee  until  the  8th  November,  1861.  The  first  step  was  to  form  the 
shore  establishment.  This  occupied  three  weeks,  owing  to  the  want  of  skill  of 
the  native  carpcuters,  in  getting  the  huts  ready  for  occupation.  During  this 
time,  however,  some  progress  had  been  made  at  the  lighthouse.  The  caisson  of 
iron  plates  to  enclose  the  concrete  base  had  been  set  up,  and  about  200  tons  of 
gravel  had  been  placed  upon  the  reef,  where  it  was  exposed  to  a  wash  sufficient 
to  remove  some  of  the  clayey  particles.  The  process  of  depositing  the  concrete 
was  then  commenced,  the  plan  adopted  being  to  deposit  it  upon  sheets  of  tar- 
paulin, which  sunk  with  the  weight  and  protected  the  soft  material  from  the 
action  of  the  water,  until  a  mass  of  several  tons  ,v.is  collected.  When  the  whole 
was  covered  in  this  way  up  to  above  low-water  mark,  the  remainder  was 
deposited,  as  the  state  of  the  tide  allowed,  until  the  whole  height  of  6ft.  from  the 
surface  of  the  coral  was  complete.  The  first  half  of  the  concrete  was  formed  of 
six  measures  of  gravel  to  one  of  Portland  cement,  mixed  in  the  lighters  moored 
alongside  the  caisson.  The  second  half  was  formed  of  lime,  puzzuolano,  and 
broken  Stone,  in  the  manner  usually  practised  in  the  country.  The  latter  was 
mixed  dry  at  Sue/.,  and  was  welted  on  being  deposited. 

When  the  thi   process  of  depositing  the  concrete  was  well  assured, 

the  author  turned  his  attention  to  the  Dcedalus,  which  was  reached  on  the  26th 
of  December.  A  site  for  the  lighthouse  was  chosen  near  a  small  sandbank  of 
triturated  coral,  as  it  was  determined  to  use  the  sand  for  the  concrete,  and  as  it 
was  also  convenient  for  beaching  boats,  &c.  The  surface  of  this  reef  was  very 
irregular,  there  being  numerous  hollow  places,  varying  from  lft.  Gin.  to  2ft.  in 
depth.  A.  tour-legged  shears  WfB  set  up  on  the  intended  site,  and  a  platform 
fixed  upon  it  a!  the  level  of  the  underside  of  the  pile  collars.  Upon  this  platform 
were  i  ther  the  plates  forming  the  polygon  to  complete  the  inner  circle 

of  piles.     The   sx   piles  were    then    successively    raised   on    end,  a  id    the  collars 

were  bolted  to  the  polygon.  When  the  six  piles  were  fixed,  the  original  stage 
was  removed,  and  a  new  one  was  formed,  to  receive  in  a  similar  manner  the  outer 
polygon.  ThiB  having  been  fixed  in  place,  and  the  two  polygons  connected  by 
the  radiatom,  the  a  iter  piles  were  raised.    The  caisson  plates  were  set  up,  being 

first  i i  md    then    partially  riveted.     The  whole  of  these  operations 

oeeui  ■,  s  .md  a  quarter,  the  staff  employed  consisting  of  four  "work- 

men, and  parties  of  from  six  to  eighl  men  from  the  crew.  The  lighter  Ushruffee 
was  then  moon  d  upon  the  reef,  and  the  steamer  proceeded  to  win  noe  it  returned 
with  and  I  went]  Arab  labourers,  under  a  native  foreman,  for 

,  and  having  a  second  lighter  in  tow.    Hie  concrete  hen 
ted  -I   til--"    and   n  bail  coral  sand  to  one  measure  of 

on    was   to  fill    up  the  boles  between  the    coral  lumps 

w  lib  coal  bagi  Riled  with  concrete,  so  a>.  to  main  an  •  ran  surface  to  lay  the  taV- 

i.    The  deposit  was  then  carried  on  in  the  same  manner  as  at  the 

ty  of  cement,  above  alluded  to,  was  onlj  sufficient  toocm- 

plete  three-fourth  mired  height  of  the  block.    Thi  1  just  eight 

and  then  the  author  returned  to  Ushruffee, and  Bndingflve  tiers  of  thnl 

■  i.  be  banded  over  tie  •■,•  of  both 

' ;  •  |y  after  proceeded  •■•■  il h  iiiiios, 

beaidi  i  the  crew .  to  the 
ilns.    Willi  tin  e,  in  t  lays,  the  work   boil  in  onlj  on 

tweni  work  was  erected  and  riveted  together, 

ifloors  and  • 
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Two  mechanics  and  four  seamen  were  then  placed  in  the  building,  with  pro- 
visions and  water,  to  continue  the  work,  and  the  Union,  with  Mr.  Scott  and  the 
remainder  of  the  working  party,  returned  to  Ushruffee.  Thus  in  thirty-seven 
working  days,  the  main  portion  of  the  building,  now  57ft.  in  height,  was  so  far 
finished  as  to  be  habitable  for  a  party  sufficient  to  complete  the  remaining  de- 
tails. Had  the  ship  been  of  larger  burthen,  it  was  believed  that  these  thirt}'- 
seven  days  might  have  been  continuous,  and  that  the  whole  would  have  been  ac- 
complished during  an  absence  of  about  seven  weeks  from  Suez.  The  author  re- 
ferred in  terms  of  the  highest  praise  to  the  manner  in  which  what  might  be 
termed  the  nautical  part  of  the  undertaking  had  been  carried  out  by  Captain 
Kirton.  Subsequently  the  materials  for  the  lantern  and  the  lighting  apparatus 
were  deposited  in  the  building,  and  afterwards  one  leading  mechanic,  two 
labourers,  and  five  seamen,  completed  the  work  between  November,  1862,  and  the 
1st  of  February,  1863,  when  the  light  was  exhibited. 

At  the  last  mention  of  the  Ushruffee  the  concrete  base  had  been  completed, 
and  five  out  of  eleven  tiers  of  framing  had  been  erected.  During  the  absence  of 
Mr.  Scott  and  his  party  at  the  Doedalus,  a  European  boat's  ci-ew  of  six  men  was 
engaged  in  conveying  the  remainder  of  the  materials  to  the  reef,  and  in  sorting 
them  there.  On  the  return  of  the  working  party  the  erection  was  rapidly  pro- 
ceeded with,  in  the  face  of  much  difficulty  from  almost  constant  high  northerly 
winds.  The  time  actually  taken  in  erecting  the  skeleton  frame  work,  106ft.  in 
height,  was  two  months,  and  the  riveting  was  completed  within  three  months. 
The  two  succeeding  months  were  occupied  with  the  erection  of  the  lantern  and 
lighting  apparatus,  and  completing  the  details  of  the  building,  and  on  the  1st  of 
July,  1862,  the  light  was  first  exhibited. 

In  connection  with  this  undertaking  the  profession  had  to  regret  the  loss  of  a 
very  promising  young  member,  Mr.  0.  W.  Scott,  who  towards  the  close  of  the 
operations  was  attacked  with  symptoms,  which  developed  the  seeds  of  a  disease 
of  long  standing,  under  which  he  succumbed  after  an  interval  of  live  months. 

With  regard  to  the  cost,  a  mere  statement  of  the  total  amount  expended  upon 
the  two  lighthouses,  £55,211  in  all,  would  convey  an  erroneous  impression,  unless 
accompanied  by  an  explanation.  The  cost  of  the  whole  as  an  engineering  work, 
independently  of  the  employment  of  the  steamer,  might  be  taken  at  £32,079,  in- 
cluding all  contingencies,  supposing  the  reefs  to  have  been  within  a  boating  dis- 
tance, say  one  mile  and  a  half  and  half  a  mile  from  Suez.  If  the  steamer  had 
been  equipped  at  Suez,  and  had  been  continuously  employed,  then,  on  this  sup- 
position, the  cost  might  have  been  £42,082.  The  remaining  expenditure, 
£13,029,  was  entirely  exceptional,  arising  mainly  from  the  steamer  being  equipped 
at  Bombav. 


ON  THE  DUTY  OP  THE  CORNISH  PUMPING  ENGINES. 
By  Me.  W.  Moesiiead,  Jun. 

It  appeared  from  a  tabular  statement  prepared  by  the  proprietor  of  "  Lean's 
Engine  Reporter,"  for  the  years  1841.  to  1860  inclusive,  that  the  average  duty  of 
these  engines  had  fallen  off  from  68  millions  in  1844  to  52  millions  in  1860,  or 
25  per  cent. ;  also  that  less  interest  was  now  felt  in  the  performance  of  these 
engines,  as  while  fifty  were  reported  in  1841,  only  fifteen  were  reported  in  1858 
and  twenty-five  in  I860.  Although  the  nominal,  or  reported  duty  showed  this 
marked  diminution,  it  was  not  asserted  that  there  had  been  an  actual  falling  off 
to  the  extent  thus  indicated; — for  the  duty  paper  did  not  take  into  account  the 
quality  of  the  coal,  which  was  certainly  inferior  to  that  used  twenty  years  ago ; 
besides  which  the  present  practice  of  sinking  the  engine  shaft,  for  the  whole,  or 
part  of  its  depth,  in  an  inclined  direction  upon  the  course  of  the  lode,  must  have 
tended  to  increase  the  friction  of  the  pitwork,  and  the  mines  were  also  deeper 
than  formerly.  Nor  was  expansion  of  steam  adopted  to  so  great  an  extent  now 
as  it  was  some  years  ago  ;  it  was  then  carried  further  than  was  compatible  with 
safety,  as  was  evidenced  b}'  the  repeated  breakages  of  the  main  rod,  the  piston 
rod,  and  the  other  principal  parts  of  the  engine.  But  after  allowing  for  all  these 
legitimate  causes  of  the  falling  off  of  duty,  it  was  thought  that  the  average  duty 
of  the  county  was  still  at  least  ten  millions  below  what  it  should  be. 

The  Author  next  examined  the  causes  of  this  decline,  and  then  discussed  the 
means  by  which  it  might  be  remedied.  The  primary  cause  he  believed  to  be, 
the  indifference  of  the  mine  proprietors  to  the  performances  of  the  engines.  So 
many  accidents  attended  the  use  of  high  steam,  cut  off  at  an  early  part  of  the 
stroke,  that  economy  of  fuel  came  to  be  regarded  as  synonymous  with  repeated 
breakages ;  but  it  was  quite  possible  to  raise  the  duty  considerably  above  the 
present  average,  without  resorting  to  an  undue  rate  of  expansion.  This  might 
be  accomplished  by  a  more  perfect  and  extended  system  of  reporting  the  engines, 
and  by  a  new  form  of  duty  paper,  embracing  the  following  additional  items  : — 
First," that  the  load  upon  the  piston  should  be  taken  from  an  indicator  diagram, 
and  from  the  load  thus  ascertained  the  duty  should  be  computed,  the  difference 
between  the  load  upon  the  piston  and  the  weight  of  water  actually  lifted,  that 
was  the  loss  by  the  friction  of  the  pitwork,  &c,  being  placed  in  a  separate 
column.  Secondly,  that  the  part  of  the  stroke  at  which  the  steam  was  cut  off, 
as  well  as  the  vacuum  obtained,  should  be  stated  opposite  each  engine.  Thirdly, 
that  a  notice  of  the  quality  of  the  coal  used,  as  far  as  it  could  be  ascertained, 
should  be  added.  And  lastly,  that  the  engines  should  be  separated  into  two 
classes,  those  which  might  reasonably  be  expected  to  give  a  good  duty,  and  those 
which,  from  the  time  they  had  been  at  work,  their  small  size,  or  other  causes, 
could  not  fairly  compete  with  the  former.  By  taking  the  load  upon  the  piston 
from  an  indicator  diagram,  a  fair  estimate  of  the  work  actually  done  hy  the 
engine  could  be  formed,  while  by  placing  the  difference  between  the  load  upon 
the  piston  and  the  weight  of  water  actually  lifted  in  a  separate  column,  encou- 
ragement was  offered  for  improvement  in  the  construction  and  fixing  of  the 
pitwork. 

At  present,  only  about  one-tenth  of  the  engines  at  work  in  Devon  and  Corn- 
wall appeared  in  the  monthly  reports.  If  mine  proprietors  would  co-operate  in 
supporting  a  good  form  of  duty  paper,  there  was  little  doubt  but  that  there 
would  be  a  rapid  and  marked  improvement  in  the  duty  of  the  Cornish  engines. 


LONDON  ASSOCIATION   OF   FOREMEN   ENGINEERS. 
Me.  John  Ives  in  the  Chaie. 


At  the  ordinary  monthly  meeting  of  the  above  society,  on  the  6th  ult.,  Mr. 
Oubridge  read  a  paper  on  "  A  Method  of  Casting  Guns  Hollow,  and  Cooling 
them  from  the  Inside  by  a  Current  of  Air." 

The  reader  remarked  that  the  subject  which  he  proposed  to  consider  that 
evening  was  one  upon  which  much  had  been  already  said  and  written.  He  be- 
lieved, nevertheless,  that  it  was  not  exhausted,  for  it  was  a  fact  that,  as  yet,  no 
heavy  gun  had  been  produced  which  answered  all  requirements.  Brass  guns  had 
had  their  day,  cast  iron  guns  had  been  long  used,  were  at  one  period  almost  to- 
tally condemned,  but  were  now  cropping  up  again,  and  much  might  be  adduced 
in  their  favour.  Wrought  iron,  in  multifarious  forms,  had  been  employed  in 
the  manufacture  of  guns,  each  form  having  peculiar  advantages  ;  but  the  results, 
on  the  whole,  were  not  satisfactory.  Steel  has  also  been  introduced  for  the  pur- 
pose ;  but  in  spite  of  its  great  cohesive  strength,  it  had  been  found  impossible 
hitherto  to  make  from  it  good,  sound,  and  serviceable  guns  of  large  calibre. 
Many  practical  difficulties  stood  in  the  way  of  its  employment  in  this  direction, 
although  certainly  some  very  successful  efforts  had  been  made  to  construct  light 
and  small  pieces  of  ordnance  of  that  material.  Compound  guns,  composed  of 
cast  and  wrought  iron — the  one  encasing  the  other — had  also  been  tried,  with 
variable  and  uncertain  effects  ;  but  as  yet  no  absolute  rule  had  been  deduced  for 
the  guidance  of  those  whose  duty  it  was  to  manufacture  heavy  guns.  Time, 
and  the  expenditure  of  much  more  of  the  public  money,  might  effect  this  great 
desideratum,  but  it  had  not  yet  been  achieved,  and  it  was,  therefore,  the  duty  of 
practical  and  scientific  men  to  endeavour  to  solve  the  problem  "  how  best  to 
manufacture  heavy  guns  ?  "  He  intended  to  contribute  a  few  items  to  the  mass 
of  existing  information  on  the  subject,  and  he  might  state  that  such  knowledge 
as  he  had  to  impart  had  been  gained  from  his  own  experience  and  experiments 
in  the  iron  foundry.  It  was  required  in  the  production  of  large  pieces  of  ord- 
nance that  the  material  used  should  be  made  to  offer  the  fullest  possible  resis- 
tance to  the  bursting  strain  to  which  it  would  eventually  be  exposed,  and  that 
the  cohesive  strength  of  that  material  should  be  completely  maintained.  Per- 
haps, before  advancing  his  own  views,  he  might  be  permitted  to  refer  to  the 
method  of  casting  heavy  guns,  which  had  been  largely  practised  during  the  un- 
happy contest  which  still  raged  in  America.  The  name  of  Dahlgren  would  no 
doubt  be  familiar  to  his  hearers  in  counection  with  the  American  civil  war,  and 
the  guns  which  were  known  as  "  Dahlgren's  "  possessed  some  distinguishing  fea- 
tures. They  were  cast  hollow,  the  theory  of  their  inventor  being  that  it  was 
desirable  "  to  reduce  the  neutral  axis  of  his  gun  as  nearly  as  possible  to  the  centre 
of  the  thickness  of  the  metal  of  which  it  was  formed."  If,  on  the  contrary,  the 
gun  was  cast  solid,  the  cohesive  power  of  the  metal  would  be  diminished  as 
it  approached  the  centre.  By  casting  the  gun  hollow,  this  deteriorating  process 
would  be  lessened  by  the  pressure  of  the  core  in  the  mould.  Dahlgren  had 
evidently  well  considered  the  laws  of  cohesion  and  disintegration  which  governed 
these  results.  He  had  also  adopted  the  plan  of  assisting  the  cooling  and  con- 
tracting, by  pouring  a  stream  of  cold  air  through  a  tube  of  iron  inserted  in  the 
core  barrel.  In  this  he  was  perfectly  right,  for  it  ought  to  be  understood  that 
if  the  cooling  process  operated  entirely  from  the  outer  portion  of  the  casting  it 
was,  to  use  a  familiar  illustration,  like  casting  an  iron  ring  upon  a  mandril — an 
operation  which  they  all  knew  would  be  a  senseless  proceeding.  This  plan  had, 
however,  been  persistently  followed  until  the  Armstrong  gun  was  introduced. 
He  (Mr.  Oubridge),  had,  several  years  before,  submitted  to  the  select  committee 
of  the  Board  of  Ordnance  a  scheme  for  casting  heavy  guns  hollow,  but  the  reply 
of  that  body  was,  as  usual  in  such  cases,  unsatisfactory.  At  the  same  period  an 
American  gentleman  made  some  attempts  to  accomplish,  in  this  country,  the 
same  thing,  but  without  success.  For  his  purpose  six  cupolas  were  erected  near 
to  the  Charlton  Pier,  on  this  side  of  the  town  of  Woolwich,  and  the  experi- 
ments there  conducted  were  of  a  costly  character.  The  theory  was  not  the  less 
a  true  one — the  defect  lay  in  its  imperfect  realisation. 

Mr,  Oubridge  stated  he  had  no  doubt  in  his  own  mind  that  homogeneit}' 
would  be  obtained  to  a  far  higher  degree  in  large  iron  castings  if  they  were  made 
hollow  in  place  of  being  solid.  He  had  had  an  opportuuity  a  few  months  back 
of  demonstrating  the  fact.  A  large  hydraulic  cylinder,  requiring  seventeen  tons 
of  metal  to  cast  it,  had  to  be  produced.  It  was  to  have  a  very  small  hole  through 
the  bottom  end,  where  the  iron  would  be  15in.  thick.  He  saw  that  the  intense 
heat  would  inevitably  melt  the  core  barrel  long  before  the  metal  composing  the 
cylinder  ceased  to  he  fluid.  He  therefore  assumed  it  to  be  a  favourable  oppor- 
tunity for  putting  to  the  test  his  cherished  theory,  and  Messrs.  Simpson,  of 
Pimlico,  and  he,  determined  to  cool  the  core  of  the  casting  produced  at 
their  foundry,  by  means  of  an  internal  current  of  cold  air.  The  plan 
of  operation  was  very  simple.  A  perforated  tube  was  inserted  in  the  core 
barrel,  and  then  communicated,  by  means  of  a  pipe  and  valve,  with  the  blast. 
As  soon  as  the  mould  was  filled  with  metal  the  valve  was  opened,  and  the  cold 
air  forced  into  the  tube  found  an  outlet  through  the  perforations  when  it  im- 
pinged upon  the  barrel.  This  latter  was  also  perforated  so  as  to  allow  of  the 
escape  of  gases  from  the  interior  of  the  core.  The  result  was  a  complete  success, 
and  the  cylinder  was  as  sound  and  homogeneous  as  could  be  desired.  The  cool- 
ing process  had  thus  gone  on  from  the  centre,  instead  of  the  exterior  of  the 
casting.  When  he  had  considered  that  the  operation  had  lasted  sufficiently  long- 
to  prevent  the  metal  remaining  in  a  fluid  state,  he  caused  the  blast  valve  to  be  shut, 
and  in  half  an  hour  the  core  barrel  was  found  to  have  melted  in  one  place,  leav- 
ing an  aperture  3in.  in  diameter.  The  blast  was  then  again  turned  on,  and  in 
less  than  ten  minutes  the  barrel  became  black,  By  this  method,  which  was  of 
the  most  easy  application,  it  was  possible  to  reduce  the  temperature  of  the  in- 
terior of  a  casting  to  almost  any  extent,  and  in  a  very  short  space  of  time.  Mr. 
Oubridge's  paper  was  listened  to  with  attention,  and  was  well  illustrated  by 
diagrams. 


The  ARTrzAN.1 
Dec.  1, 1863.    J 
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THE  WRECK  REGISTER  AND  CHART  FOR  1863. 


The  following  is  a  synopsis  of  the  returns  made  by  the  Board  of  Trade 
to  Parliament,  of  the  wrecks  and  casualties  which  have  taken  place  on 
the  coasts,  and  in  the  seas,  of  the  British  Isles  during  the  past  year. 

It  may  here  he  observed  that  the  materials  from  which  these  valuable 
documents  are  compiled  are  derived  from  reports  furnished  by  the  Officers 
•of  Coast  Guard,  and  Receivers  of  Wreck,  resident  on  the  shores  of  the 
United  Kingdom. 

When  we  remember  that  the  number  of  vessels  which  entered  inwards 
and  cleared  outwards  from  different  English  ports  in  the  course  of  the  past 
year  was  268,462,  and  that  these  ships  had  on  board,  probably,  1,610,000 
men,  it  becomes  almost  a  matter  of  certainty  that  a  large  number  of 
casualties  should  take  place  amongst  them  every  year. 

Tbe  coasts  of  the  British  Isles  extend  upwards  of  5000  miles,  and  on 
looking  at  the  wreck  charts  which  accompany  the  register,  it  is  observed 
that  there  are  few  parts  of  that  continuous  shore  which  are  not  studded 
with  the  usual  wreck  marks ;  and  thus  it  is  that  on  nearly  every  page  of 
the  register  this  startling  fact  constantly  presents  itself — that  during  the 
year  no  les3  than  1827  wrecks  and  casualties  took  place  on  our  coasts, 
with  the  loss  of  690  lives. 

Compared  with  previous  years  the  register  informs  us  that  the  wreck 
experience  of  the  past  year  is  very  unfavourable.  But  the  number  of  lives 
lost  is  fortunately  considerably  under  the  average,  owing  chiefly  to  the 
valuable  and  prompt  services  of  lifeboats  and  other  means  employed  on 
occasions  of  wrecks  on  our  coast.  Tbe  wrecks  and  casualties  in  the  year 
show  a  large  increase  on  the  average  of  those  during  the  preceding  eleven 
years.  The  number  of  wrecks  in  the  last  eleven  years  was  13,657,  while 
the  total  voyages  made  to  and  from  the  British  ports  in  that  period  were 
2,745,910 — so  that  1  ship  was  wrecked  out  of  201.  During  the  past  year, 
as  previously  stated,  the  number  of  voyages  of  vessels  to  and  from  ports 
in  the  United  Kingdom  was  268,462,  and  out  of  this  large  number  1827 
casualties  occurred— or  1  in  every  147. 

In  the  past  eleven  years,  from  the  above  wrecks  8775  persons  were  lost, 
or  nearly  800  each  year.  Last  year,  it  appears  from  the  returns  that  the 
lives  of  4729  persons  were  imperilled  on  the  coasts  of  the  British  Isles,  of 
which  number  690,  or  1459  per  cent,  were  lost.  The  wrecks  and  disasters 
for  the  year  1862  may  be  thus  classed  :  — 

Vessels. 

Totally  wrecked 455 

Seriously  damaged 695 

Totally  lost  in  collision  66 

Damaged  seriously  by  collision 272 

Injured  by  collision     339 


Total. 


1827 


This  number  of  disasters  for  last  year  is  at  the  rate  of  five  per  day. 

The  months  of  January,  February,  March,  October,  November,  and 
December  were  the  most  destructive  to  ships. 

The  startling  facts  which  the  Wreck  Register  discloses  each  successive 
year  have  succeeded  in  drawing  general  public  attention  to  this  im- 
portant subject,  and  it  is  frequently  referred  to  in  Parliament.  On  a  re- 
cent occasion,  when  Lord  Raveneworth  alluded,  in  the  House  of  Lords, 
to  the  necessity  of  constructing  harbours  of  refuge  OH  the  north-east 
coast,  he  caused  to  be  impended  in  their  Lordship1!  library  a  large  wreck 
chart  lent  by  the  National  Lifeboat  Institution. 

The  fearful  scones  represented  on  that  chart  naturally  excited  their 
Lordships'  attention.  Indeed  the  dreadful  havoc  which  storms  commit 
every  year  in  the  seas  and  on  the  chores  of  the  British  Isles  can  only  be 
fully  realised  by  the  aid  of  such  a  chart. 

It  is,  however,  satisfactory  to  And  that  the  publication  of  the  "Annual 
Wreck  Register  "of  the  Board  of  Trade,  and  other  means  of  publicity,  have 
materially  contributed  to  the  establishment  00  our  coasts  of  a  system  of 
life-boats  and  life-preferring  apparatus,  which  reflects  the  greatest  credit 

on  the  philanthropy  of  the  age  in  which  «i'  live,  and  on  the   energy    with 

which  t  lic-n*  means  hare  been  placed  on  our  iboraa,  by  the  joint  action  of 

tbe  National  Life-boat   Institution  and  the  Hoard   of    Trail.'. 

Amidst   the  desolating  scenes   which    the    Wreck    Begistar   ami    Chart 

reveal,  it  is  consolatory  to  know  thai  by  menu  of  lue-boate,  the  life* 
presen  Ing  apparatus,  impi  d  other  means,  20,168  lives  bare 

been  Saved  from  a  watery  grave  during  the  past   seven    years,  of  which 
1089  were  rescued  last  ys  "'. 

The   following    is    a    .summary    of   tbe    no an-    used    in    si\i,,_-   tbe    l":'.'.l 

lives  from  wrecks  on  the  coasts  of  the  United  Kingdom  daring  tie 
year  :— 

H\  life.boati  and  ro  '  al  rod  i  into 

B,\  ships,  ihips1 

By  individual  exertion      .  I.j 


As  usual,  ships,  ships'  boats,  and  smacks  have  saved  more  lives  in  that 
period  than  the  life-boats  and  tbe  rocket  and  mortar  apparatus.  This 
apparent  discrepancy  is  susceptible  of  easy  explanation.  When  a  disaster 
takes  place  in  British  waters,  it  frequently  happens  that  either  a  ship  or 
smack  is  fortunately  at  hand  to  render  assistance  to  the  crews  of  the 
distressed  vessels.  Such  help  is  seldom  attended  with  any  very  great 
danger  (although  sometimes  it  is  so),  and  the  men  are  often  brought  ashore 
before  any  tidings  at  all  have  reached  a  life-boat  station.  But  the  great 
value  of  the  services  rendered  by  life-boats  can  only  be  appreciated  by 
considering  that  they  are  mostly  performed  on  occasions  when  no  other 
craft  could  be  launched  from  the  shore  with  safety. 

Schooners  and  brigs  were,  as  usual,  the  most  numerous  description  of 
vessels  that  were  lost  during  the  past  year  on  our  shores.  These  are 
usually  employed  in  our  coasting  and  coal  trade,  and  the  destruction  of 
hundreds  of  them  even  in  moderate  gales  is  now  reduced  to  a  matter  of 
certainty. 

In  December  last  seven  vessels  foundered  off  tbe  east  coast  of  England 
— with  the  loss  of  all  hands — while  engaged  in  coasting  voyages.  One  of 
them  was  a  collier  sloop  71  years  of  age !  Another  collier  brig  also 
foundered  in  October  last,  and  7  out  of  9  of  her  crew  were  drowned.  She 
was  99  years  old  ! 

The  following  is  an  analysis  of  the  tonnage  of  the  ships  lost  last  year  : — 

Vessels. 

Vessels  under  50  tons 341 

51  and  under  100  „ 441 

101         „  300  784 

301         „  600  „    186 

601         „  900  „    44 

901         „         1200  , 20 

1201  and  upwards     „    11 

Total 1827 

The  most  destructive  gales  of  wind  were  those  that  blew  from  S.W., 
S.S.W,  W.S.W.,  and  N.W. 

AVe  find  that  the  ages  of  some  of  the  vessels  that  were  hurried  out  of 
existenee  were  as  follows  : — 

Under  three  years 122 

3  and  not  exceeding  7  years    271 


8 
11 
15 
21 
31 
41 
51 
61 
91 


10 
14 
20 
30 
40 
50 
60 
90 
100 


131 

155 

216 

266 

125 

59 

25 

14 

1 


Unknown 442 


Total. 


1827 
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We  also  remark  that,  in  perfectly  calm  weather,  23  vessels  wore 
wrecked;  in  light  airs,  28  ;  in  light  breezes,  56;  in  gentle  breezes,  48  j 
in  moderate  breezes,  110;  in  fresh  breezes,  187;  in  strong  breezes.  195; 
in  moderate  gales,  75;  in  fresh  gales,  170;  in  strong  gales,  199;  in  whole 
gales,  218  ;  in  storms,  63  ;  in  hurricanes,  69;  and  in  unknown  and  variable 
weather,  52. 

We,  moreover,  observe  that  321  vessels  were  wrecked  that  were  under 
the  command  of  masters  holding  certificates  of  competency  ;  while  720 
were  wrecked  that  were  commanded  by  others  who  were  not  required  by 
law  to  hold  such  certificates  j  and  266  that  were  commanded  by  foreigners 
not  having  British  certificates. 

Wc  observe  that  of  the  total  wrecks  during  the  past  year  on  our  shores, 
ii  respective  of  collisions,  60  vessels  foundered  ;  1 1  -  vessels  were  driven  or 
run  on  a  lee  shore  :  66  parted  their  cables,  or  dragged  their  anchors  and 
went  ii  shore;  I"  wire  wrecked  from  damage  to  hull,  or  the  loss  of 
masts,  yard,  or  sails  |  :i  were  actually  capsized;  72  were  wrecked  from  in- 
attention, carelessness,  or  neglect  ;  '-•">  from  defects  in  ships  Or  equipments  ; 
7  from  a  combination  ofCBUSeS,  while  IS  arose  from  accident. 

Of  the   total  Wreekl  thai   tool    place    from  collisions,   is   were  from  bad 

■  it  ;  82  because  tin-  rule  of  road  at   sea  was  not  observed;  1  from 

the  waul  Oi  I  in  tbiek  and  foggy  weather;   ami    I  from  neglect- 

lightai  bnl  it  is  worth  observing  thai  only  1  collision  with 
total  Io»k  occurred  from  the  err"r  of  the  pilot  who  was  on  board;  I 
OCCUrred  from  ncgliuenci'  and  want   of  caution. 

It  is  also  a  lamentable  fact,  in  regard  to  collisions,  thai  111  took  place 

in  fine  and  clear  weather]  tbe  whole  number  of  collisions  during  the  year 

in  the  day  thnt  ami  286  in  the  night,     Lasl    year    ii 
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collisions  occurred  between  the  steamers,  and  190  between  sailing-vessels, 
while  both  were  under  way.  32  collisions  also  took  place  between  sailing- 
vessels,  one  being  at  anchor  and  the  other  under  way  at  the  time ;  but  no 
collisions  occurred  between  steamers  under  these  circumstances.  46  colli- 
sions likewise  took  place  between  steamers  and  sailing-vessels,  both  being 
under  way  ;  and  6  only  when  sailing-vessels  at  anchor  were  run  into  by 
steamers.  53  collisions  also  occurred  by  vessels  breaking  irom  their 
anchors  or  moorings.  We  earnestly  trust  that  the  admirable  regulations 
which  the  Board  of  Trade  have  just  published  to  prevent  collisions  at  sea 
will  materially  tend  to  lessen  the  number  of  these  fearful  disasters. 

The  most  disastrous  wrecks,  with  the  greatest  loss  of  life,  occur  between 
that  part  of  the  coast  extending  from  Skerries  and  Lambay  to  Fair  Head 
and  Mull  of  Kantyre.  During  the  past  thirteen  years  1641  lives  were 
lost  in  that  district.  The  next  is  from  the  North  Foreland  to  St.  Kathe- 
rine's  Point,  which  during  the  same  period  claims  1136  lives. 

The  estimated  loss  of  property  involved  in  the  destruction  of  a  portion 
only  of  the  vessels  wrecked  in  the  last  six  years  amounted  to  four  and  a 
half  millions  of  pounds  sterling,  although  the  total  amount,  being  unre- 
ported, cannot  be  ascertained;  but  who  can  appreciate  the  value  of  the 
precious  lives  lost  in  those  terrible  disasters,  except  those  at  our  seaports 
and  fishing  villages  who  are  now  widows  and  orphans  or  friendless,  who 
have  bewailed  with  unutterable  anguish  the  loss  of  a  husband,  father,  or 
near  relation  ? 

On  the  other  hand  it  is  most  gratifying  to  find  tbat  in  these  six  years 
4169  lives  were  rescued  from  the  jaws  of  death  by  life-boats  and  the  life- 
saving  apparatus  alone.  It  may  be  proper  to  observe  that  these  means 
of  saving  life  are  rarely  used  except  under  the  most  perilous  circumstauces. 
One  can  hardly  conceive  a  more  pitiable  sight  than  a  noble  ship  stranded 
on  a  sandbank  during  a  gale  of  wind,  with  her  crew  in  the  rigging,  or 
firing  minute-guns  as  signals  of  distress,  so  that  they  may  obtain  help  from 
the  shore.  On  observing  these  signals  the  crew  of  the  lifeboatimmediately 
put  off.  Indeed  we  know  of  no  spectacle  more  sublime,  or  more  calculated 
to  send  the  blood  thrilling  through  the  veins  with  admiration  and  awe 
than  the  cool,  determined  courage  and  the  lively  charity  that  sends  these 
poor  and  often  half-starved  fisher  fellows  out  in  the  dark  night,  in  the 
midst  of  bitter  frost  and  snow,  into  a  tumultuous  sea  and  surf,  hungry 
foj  their  bodies,  in  the  very  teeth  of  a  furious  wind  with  death  threaten- 
ing them  on  all  sides,  and  nothing  but  their  coolness  and  skill  to  rely  upon 
to  preserve  their  own  lives,  to  say  nothing  of  the  lives  of  others — leaving 
wives  and  families  of  little  ones  at  home  who  may  never  see  them  in  life 
again.  What  stoat  hearts  those  must  be  as,  yard  by  yard,  they  struggle 
away  from  the  dim  shore,  lost  in  an  obscurity  of  scud  and  surf,  and  snow, 
thinking  of  nothing  but  their  duty — the  errand  of  mercy  and  charity  be- 
fore them — through  the  raging  tempest — winning  their  way  through  seas 
that  to  the  landsman  are  fearful  to  gaze  on,  even  from  the  safe  standing 
On  the  beach,  momentarily  threaten  to  overwhelm  them  !  Out  further 
and  further  yet  into  the  dark  void  a  speck  on  the  waters.  Another  flash 
pf  the  minute  gun  points  out  where  the  vessel  is  lying  aground  upon  a 
shoal,  the  sea  making  a  clean  breach  over  her,  and  the  scud  and  spray  fly- 
ing sheer  over  her  mastheads,  which  threaten  to  go  every  moment.  Stand 
to  it,  stout  hearts !  a  few  more  minutes  of  the  heavy  toil  and  the  boat  will 
be  well  in  to  leeward  of  the  wreck,  when  the  most  dangerous  part  of  the 
whole  operation  will  commence ;  for  there  is  danger  of  her  being  stove 
in  momentarily,  either  by  contact  with  the  wreck  itself,  or  with  the  float- 
ing spars  which  may  be  hanging  loosely  around  her.  The  relief  of  a  wreck 
is  no  mere  child's  play — it  often  occupies  hours  of  hard,  dangerous,  and 
unremitting  toil.  It  is  no  mere  sudden  flash  of  generosity  tbat  is  re- 
quired— no  enthusiasm  burnt  out  as  soon  as  kindled ;  but  that  steady,  un- 
daunted "  pluck  "  which  distinguishes  frequently  the.  highest  as  well  as 
the  lowest  class  of  Englishmen  in  times  of  danger.  How  important  then 
is  the  work  of  the  National  Lifeboat  Institution  in  providing  these  mes- 
sengers of  mercy  on  our  coasts,  and  in  encouraging  noble  deeds  of  daring 
in  the  rescue  of  our  fellow-creatures  from  an  awful  death. 

It  may  be  interesting  here  to  recapitulate  briefly  the  operations  of  the 
National  Life-boat  Institution,  which  has  now  125  life-boats  under  its 
management.  During  the  past  year,  in  addition  to  saving  twenty-one 
vessels  from  destruction,  358  lives  were  rescued  by  the  life-boats  of  the 
society.  For  these  services  rewards  amounting  to  £915  18s.  6d.  were 
voted.  The  number  of  lives  saved  by  the  life-boats  of  the  society,  or  by 
special  exertions,  for  which  it  has  granted  rewards  since,  its  formation,  is 
13,220.  For  these  services  82  gold  medals,  733  silver  medals,  and£T7,220 
in  cash  have  been  granted  as  rewards.  The  institution  has  also  expended 
£75,380  on  life-boats,  life-boat  transporting  carriages,  and  boat-houses. 
Surely  a  society  which  has  thus  been  productive  of  the  greatest  services  in 
the  cause  of  humanity,  will  not  have  to  appeal  in  vain  to  the  public  for 
help  to  enable  it  to  continue  its  merciful  work  on  our  dangerous  sea-board ! 
We  may  add  that  contributions  in  aid  of  the  great  aud  important  work  of 
the  National  Life-boat  Institution  are  received  by  all  the  bankers  through- 
out the  United  Kingdom,  and  by  the  Secretary  at  the  Institution,  11,  John- 
street,  Adelphi,  London. 


CLAPP  AND  COATS'  IMPROVED  ARMOUR  PLATES,  &c. 

One  of  the  most  recent  plans  proposed  for  armouring  vessels,  turrets, 
forts,  &c,  is  that  jointly  invented  and  patented  by  Messrs.  Clapp  and 
Coats.  As  shown  in  the  accompanying  woodcuts,  it  will  be  seen  that  the 
inventors  purpose  using  plates  of  iron  or  other  suitable  metal  with  curved 
and  with  flat  portions,  and  through  the  flat  portions  pass  bolts  or  rivets 
to  secure  the  same  to  the  framing  of  the  vessel,  turret,  target,  fort,  or 
structure,  in  such  manner  that  other  curved  plates  may  be  placed  over  the 
flat  portions  of  the  first-mentioned  plates  and  over  the  joints  thereof, 
to  cover  and  protect  such  bolts  or  rivets  first-mentioned,  the  last-mentioned 
curved  plates  being  bolted  or  riveted  through  the  first-mentioned  curved 
plates  or  othervvise,  or  secured  in  any  equivalent  manner,  by  which  means 
additional  strength  is  obtained  and  the  principal  (and,  if  desired,  the  major 
part  of)  the  joints  and  bolts  or  rivet  heads  are  protected,  so  that  a  single 
plate  shall  not  receive  all  the  force  of  any  projectile  or  striking  body,  but 
such  force  be  distributed  over  the  whole  of  the  plates,  thereby  rendering 
them  impregnable  if  constructed  of  proper  thickness.  It  is  preferred  that 
the  plates  should  be  produced  by  rolling  or  compressing. 

Fig.  1  is  a  plan  view  showing  how  the  main  plates  and  completing 
plates  are  put  together ;  fig.  2  is  a  section  on  the  line  a  b,  showing  com- 

Fig.  2. 
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pleting  plates  bolted  through  from  outside;  fig.  3  is  a  section  of  an  arrange- 
ment in  which  a  long  perforated  plate  or  tongue  is  fitted  in  the  top  ot  a 
whole  line  of  the  bolts  which  pass  through  the  main  plate,  and  which  plate 


Fig.  3. 


or  tongue  takes  into  a  groove.  The  completing  plates  may  also  be  se- 
cured by  an  eye-bolt  passing  through  the  main  plate  ;  a  smaller  cross  bolt 
or  rivet  passing  tdrough  the  eye  of  the  said  eye-bolt,  and  fitting  into  a 
groove  inside  the  completing  plate ;  or,  as  a  modificution  of  this  arrange- 
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ment,  the  cross  bolt  may  have  an  eye,  and  is  fixed  on  top  of  the  principal 
bolt.  Fig.  4  is  a  part  section  of  vessel  with  plates  fitted  to  the  side  ;  fig.  5 
is  an  exterior  view  of  part  of  a  ship  or  vessel  with  plates  fitted. 

In  the  accompanying  figures  A  denotes  the  main  plates,  which  are  bolted 
to  the  framing  of  the  vessel,  as  shown  in  fig.  1,  and  then  the  completing 
plates  B  are  slidden  in  between  them  (as  in  fig.  1  showing  this  partly 
effected).  The  completing  plates  if  to  be  bolted  or  riveted  through  from 
the  outside,  to  have  the  bolt  or  rivet  holes  brought  over  the  holes  in  the 
main  plate-. 


The  lengths  of  completing  plates,  when  secured,  to  be  firmly  fastened  at 
the  ends  of  each  line  to  prevent  any  sliding  or  shifting,  as,  for  instance,  by 
bolting  the  said  completing  plates  firmly  through,  as  shown  in  fig.  2. 
i  The  tongue  plate  should  be  made  of  rolled  or  compressed  iron  and 
the  main  plate  with  which  it  is  used  should  have  a  sufficient  number 
of  bolt  or  rivet  holes  to  receive  the  tongue  plate,  and  thereby  secure  the 
completing  plate  to  the*raain  plate,  and  so  that  these  bolts  or  rivets  will 
pass  through  every  alternate  hole,  the  remaining  holes  to  be  used  to  se- 
cure the  main  plate  to  the  framing. 


Fig.  ; 


Fig.  I. 


PREVENTION'  OP  DECAV  AM)  OXIDATION   IN  SHIPS. 

As  the  prevention  of  decay  in  the  timbers  of  wooden-built  ships,  and 
the  fouling  and  oxidation  of  the  plates  of  iron  ships,  have  received  con- 
siderable attention  from  the  Admiralty  and  Merchant  Shipowners,  the 
following  resume  of  all  the  specifications  at  the  Patent-office  bearing  on 
this  subject  is  given  : — 

Dipping  timber  in  boiled  oil  is  a  very  ancient  practice,  and  it  would  be 
difficult  to  trace  its  origin.  In  17ol),  Alexander  Emcrton  took  out  the 
first  recorded  patent  for  preserving  wood  from  decay.  He  prepared  the 
planks  or  boards  with  boiling  oil  in  the  tben  old  way,  and  afterwards 
coated  them  with  compounded  ■  iered  glass, aad  sand,  cemented 

with  painting  colours  and  oila,  laid  on  as  paint.  The  next  patent,  which 
was  for  p  topper,  or  plates  of  which   copper  is  a  basis,  w;is 

granted  in  1790  to  Collins  and  Wyatt.  They  covered  the  plates  with 
lead  or  tin.     In  the  early  part  of  the  present  century  leveral  chemists 

recommended  decoction-),  in  the  form  of    vegetable    poisons,  for  saturating 

timber,  and  thus  destroying  all  animal  life  in  the  green  wood.  None  of 
these  poisonous  solutions  -  I,  for,  had  they  been  found 

efficacious,  their  application  would  ha  mtinn   I.     There  was  then 

an    interval,    during   which    the  stoppage  of  d  have  been 

abandoned,  and  dry  rot  all  In   is_'j,  John  Ox- 

ford lecni  y  ha  and  ion  or 

decay  in  iron  or  wood,  by  pn  paring  tar  in  inch  a  mannei   aa  ; 

l  therein,  Mtnrafnng  it  alao  with  chlorine 
gas.    This  purified  oil  is  I  with  100  parts  of  white  lend     m-  oi' 

ed  oxide    -■">  p  url  i  of  I  coal 

tar  added  to  the  oil  of  tor.     l  ;i  n  applied  ;n  a  pa 

In  the  lii-i   days  of  iron  in  shipbuilding,  mnt  was  found  to  be  ■  tl 
bacl  to 

Iered, 
of   in  this  direction  was  taken 
out  by  ( ;.  i  i.  I;  imp  i--,  in  1830.     Ha 

siou  by  on  eleel  r  to  be  pi  il  •  '    l  in 

sea  n  -  of  sine  with  l'"1  pai 

copper,     in  protecting  iron  l nployed  an  aUoj  of  th  ng  of 

from  in  to  150  pari  of  sine,     following  in  the 

footsteps  of  Mr.  B  lor,  Mr.  Jobn  Bevere  ■■ 

invent  ion  lain  c  kbles, 

and  other  rotor.    Theee  gal- 

vanic zinc  i  |uiremenl . 

It  is  known  thai  one  if  the  most  di  I   ol  our  is  in 

favour  of  inserting  •-trip-'  of  /inr  iii  the  plates  ..t'  ihipet  hut  If  this 
principle  proved  correct  in  proi  ild  I  >iil'  ttnoo  hove  bees  d 

•  "Joumslof  thoSoWi' 


sally  adopted.  Zinc  plays  an  important  part  in  patents  for  the  prevention 
of  oxidation.  In  1S37,  Jacob  Perkins  got  protection  for  a  plan  of  coat .ing 
copper  tubes  of  boilers  with  a  preparation  consisting  of  two-thirds  of  zinc 
with  one-third  of  copper;  but  lie  had  been  preceded  in  1832  by  Captain 
H.  W,  Craufurd,  K.N.,  who  proposed  to  preserve  copper  and  iron  from 
oxidation  by  coating  with  zinc  paint  in  a  fused  state.  Over  this  he  laid  a 
second  covering  of  pure  tin,  or  tin  alloyed  with  lead.  Captain  Craufurd 
explain-)  in  detail  his  method  of  compounding  the  ingredients,  In  1838, 
I., 1 1  'unite  de  Fbntainemoreau,  considering  Captain  Craufurd's  modi'  of 
fixing  or  adapting  the  zinc  to  this  purpose  as  erroneous  applied  for  a 
patent  of  a  more  comprehensive  description,  for  applying  the  zinc  coating 
i  i  metals.  Again,  in  183;),  Mr.  Thomas  Dowliug  patented  what  he  terms 
B  conservative  bath,  applied  to  metals  after  grinding.  He  describes  the 
machinery  by  which  be  effects  this,  the  chief  of  which  is  a  zinc  wheel 
and  galvanic  vapour  furnace. 

In  lsi't,  Mi-.  .1.  \\.  Ncilson  came  forward  with  his  invention  for  the  np- 
plicatioa  of  B  coating  of  copper,  or  copper  alloyed  with  zinc  or  tin,  or 
both,  to  the  surface  of  iron.  This  was  done  by  covering  the  mould  to  be 
east  with  the  raateriaL     In  malaable  iron,  dried  borons  or  flux  is  spread 

over  the  iron,    which  is  then  prepared  with  alloy  heated  to   a    temperature 

sufficient  to  meli  copper,  and,  in  it-)  heated  state, plunged  into  cold  water 

to  detach  the  scale  of  oxide.     Mr<  Arthur  Wall,  likewise  in   isio.  mixed 

of    the   strongest    muriatic   acid    diluted    with  three  gallons  of 

r,  then  added  121bs.  of  steel  or  wrought-iron  tiling-.    The  tilings  were 

ifore  mixture.     The  whole  was  then   subjected   to 

heating  in  a  pan  the  composition  was  then  applied  to  proven! 

i  ion.     In  1841,  Mr,  VV.  !■'..  S'ewton  employed  silicates  of  potash,  or 

i  pi  e\  i  d   iron  from  becoming  rustj . 
.  of  Dublin,  whose  varied   pro- 
cesses ore  <>f  the  mo-t  complex  uharoater.     finding  thai  iron  covered  with 
zinc,  when  immersed  in  sea  water,  and  certain  fresh  waters,  gathered  to 
iting  of  carbonate  of  lime,  destrucl  ive  to  the  protective  power  of 
urfaoe for  thi  attaobmeul  mid  growth  of  marine 
-  the  molluscous  and  t  classes,  and  aquatic  plant-,  he 

uppl  means  to  detach  the     tales  of  oxide  from  iron,  and   t  hen 

I  it  Into  a  preparing  bath,     After  an  riesol  proi 

p  lint,  which  painl    i-  ran 
i  puis. ,ni, u,  I,*  admixture  of  tolts  of  metals,  bj    moons  of  which  h 
■ought  to  render  the  sine  eflecti  vi  re  proteotor,  Inlsn. 

also,  Mr.  E,  M i 1  endeavoured  to  preserve  iron  from  oxidation  or 

rust  h_\  tinning  it.  ami  then  dipping  the  i in  covering  or  surface  in  molten 
/inc.     Mi.  a,  in  1846,  claimed  to  poaaeoa  on  invention  whereby  be 

red  iron  mora  hud  and  durable,  and  free  from  oxidation,  by  the 
•  I  f.iioc\  mi, I.  ol  sodium,  i  barium,  or  am  other  alkali,  ,.r  alk.i- 

I  to  be  used  Is  a  manner  full)  set  forth  la  his  specification! 
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In  1846,  Mr.  Andrew  Smith  improved  upon  the  plans  for  melting  the 
zinc.  He  employed  a  bath  of  lead  or  tin,  or  any  composition  or  medium 
that  melts  at  a  lower  degree  of  heat  than  zinc,  by  which  means  the  heat 
from  the  fire  of  the  furnace  is  taken  up  and  transmitted  to  the  receptacle 
containing  the  zinc  for  melting.  Baron  Wetterstedt,  in  1846,  added  the 
regulus  of  antimony  to  lead  sheets,  combined  copper  with  antimony,  made 
sheet  metal  by  using  lead  and  tin,  and  lastly,  pro#cted  metals  by  paints 
thus  prepared : — 1st.  One  part  of  regulus  of  antimony  to  three  parts  of 
copper,  mixed,  melted  together,  run  out  into  water,  and  then  heated 
gently.  Two  parts  of  oxide  of  copper  are  added,  and  moistened  with 
naphtha.  The  whole  is  then  added  to  a  composition  of  tar  and  naphtha. 
2nd.  Another  paint  is  compounded  of  31bs.  of  tar,  301bs.  of  pitch,  201bs. 
of  dried  soot,  41bs.  of  tallow  from  sperm  oil,  and  naphtha  added  for  con- 
sistency. 

Mr.  C.  H.  Paris,  in  1849,  coated  metals  with  glass  or  vitreous  matter. 
The  metal  went  through  a  cleansing  process.  Gum  water  is  then  applied, 
and  over  this  the  dry  or  powered  glass  is  shaken,  and  then  fused  by  heat 
till  a  glass  surface  is  formed.  Mr.  Paris  claimed  the  application  of  car- 
bonate of  soda  for  applying  glass  in  this  manner.  Mr.  J.  Mactintosh,  in 
1852,  made  a  paint  from  decomposed  india-rubber,  in  combination  with 
oils  or  fatty  matters,  saponified  by  metallic  salts,  with  lime  for  thickening 
the  liquid.  For  bottoms  of  ships  he  recommends  the  india-rubber,  when 
in  a  fluid  state,  to  be  combined  with  metallic  soap,  thickened  with  lime 
and  coloured  by  pigments.  Messrs.  Hughes  and  Firmin,  in  1852,  manu- 
factured lamp  black  from  the  vapour  of  coal  tar,  dead  oil,  dead  oil  salts, 
coal  pitch,  naphtha,  linseed  oil,  and  other  materials.  Prom  the  products 
a  fuel  is  produced,  and  this  residue  has  by  another  inventor  been  mixed 
■with  oils,  ground,  and  made  into  a  paint.  In  1852,  also,  Mr.  R.  M.  Glover 
took  out  a  patent  for  a  preparation  of  arsenite  of  lead  and  arsenite  of 
copper,  and  the  red  and  yellow  sulphurets  of  arsenic.  The  proportion 
of  each  were  as  follows : — Two  parts,  by  weight,  of  arsenite  of  lead, 
one  of  realgar,  one  of  orpiment,  and  one  of  arsenite  of  copper.  In 
the  same  year,  Mr.  J.  Murdoch  invented  a  variety  of  driers  for  zinc  when 
the  white  of  zinc  is  employed  instead  of  white  lead.  The  protoxides  are 
manganese,  cobalt,  iron,  tin,  and  nickle  ;  for  acids  the  benzoic,  urobenzoic, 
and  the  boric.  In  1852,  Mr.  Binks  patented  a  substitute  for  linseed  or 
drying  oils,  in  the  products  derived  from  dissolving  what  are  called  inso- 
luble soaps.  A  pigment  is  then  ground  in  this  solution,  and  the  paint  is 
ready  for  application.  The  pigment  maybe  white  lead,  oxide  of  zinc,  lamp 
black,  or  any  other.  J.  C.  Medeiros,  in  1853,  proposed  the  use  of 
mercury  or  quicksilver  on  iron  plates  for  sheathing  ships.  The  salts  of 
mercury  are  dissolved,  then  a  bath  is  formed,  and  the  plates  allowed  to 
remain  in  the  solution  till  their  surface  is  equally  and  regularly  amalga- 
mated. 

Mr.  Newton,  in  1854,  made  a  paint  from  ground  plumbago,  pulverised 
charcoal,  and  the  black  soot  formed  by  the  burning  of  bituminous  matter, 
along  with  ivory-black,  or  bone  or  lamp  black.  Mr.  Ryder  also,  in  1854, 
described  a  method  for  mixing  gutta  percha  with  common  resin,  or  tar,  or 
pitch,  or  asphaltum,  dissolving  them  in  impure  benzole  or  coal  naptha. 
Mr.  Newton  took  out  a  second  patent,  in  1854,  for  the  production  of  a 
siccative  black,  brown,  or  grey  pigment  or  colouring  matter,  by  the  ad- 
mixture with  the  gas  tar,  or  other  organic  substance  to  be  carbonised  for 
the  purpose  of  the  oxides  of  potassium,  sodium,  calcium,  aluminium,  or 
other  alkaline  or  earthy  pases  for  paints.  Mr.  P.  Ransom,  in  1854,  patented 
a  mixture,  consisting  of  ground  oxides  and  carbonates  of  lead  or  zinc,  and 
carbonate  or  sulphate  of  barytes  with  soluble  silica.  Mr.  J.  Rogers,  in 
1855,  to  prevent  oxidation,  deoxidizes  metallic  ores  by  a  revolving  cylinder, 
fitted  with  helical  or  screw  formed  divisions  to  receive  the  ores  in  a 
pulverised  state,  and  then  submits  the  same  to  heat,  and  constant  agita- 
tion by  the  revolution  of  the  cylinder.  Mr.  B.  Rosenburg,  in  1855  manu- 
factured a  paint  as  follows : — lOOlbs.  of  triturated  white  lead,  2j  gallons 
of  copal  varnish,  1£  gallons  of  spirits  of  turpentine,  1^  gallons 
of  linseed  oil,  and  for  colouring,  a  small  quantity  of  red  lead.  Before  the 
metal  is  painted  it  is  subjected  to  the  fire  tor  cleansing,  and  when^cool  the 
preparation  is  applied,  then  varnished  with  copal,  and  dried  by  a  hot  air 
process.  Mr.  J.  E.  Cook,  in  1855,  proposed  a  composition  consisting  of 
gum  shellac,  dissolved  in  methylated  spirit  or  in  wood  spirit.  In  1856, 
the  patent  of  Messrs.  Bancroft  and  White  claims  the  manufacture  of  oils 
from  petroleum,  for  preserving  metals  and  ships  sheathing.  Mr.  A.  P. 
Mennons,  in  1856,  obtained  a  patent  for  a  non-conducting  and  inoxidable 
composition  for  metals,  made  thus : — 

Argillaceous  elays,  containing  a  certain  proportion  of  alumina  100  parts 
Oily  substances  and  residues         ...         ...         ...         ...  6     „ 

Oil  sediment ...         ...  ...         ...         ...  5     „ 

Pat 2     „ 

Animal  charcoal      ...  ...  ...  ...  ...  ...  2     „ 

Mucilaginous  substances,  such  as  glue,  &c  ...  ...  2     „ 

Wood  sawdust,  already  employed  in  the  purification  of  oils  in 

the  process  of  dyeing       ...         ...  ...         ...         ...  10     „ 

Waste  hair  well  beaten       ...         ...  ...         ...         ...  4    „ 


To  the  preceding  materials  a  decoction  of  logwood  and  soot  is  then 
added. 

Mr.  J.  M'Ines,  in  1856,  was  granted  a  patent  for  coating  metals  with 
powdered  emery  stone  mixed  with  a  varnish  of  shellac  dissolved  in 
spirits  of  wine,  with  the  addition  of  castor-oil.  As  emery  contains  87  per- 
cent, of  aluminium,  Mr.  M'Innes  considered  that  this  paint  would  be  solid 
enough  to  resist  all  action  in  the  water,  and  never  decompose.  Mr.  R.  D. 
Atkinson,  of  Hull,  in  1856,  invented  a  plan  for  coating  and  protecting 
metals  from  oxidation,  by  depositing  copper  or  brass  upon  surfaces 
of  prepared  iron,  the  deposit  to  be  melted  in  conjunction  with 
carbonic  acid  gas,  the  coating  to  be  put  on  by  a  brush,  or 
through  the  medium  of  galvanism.  Depositing  brass  on  iron 
is  now  being  successfully  carried  out  at  Portsmouth,  by  Mr.  Wielan,  on 
armour  plates  and  other  iron  surfaces.     Mr.   A.   Reid,  mineralogist,  in 

1856,  describes  in  his  specification  what  he  deems  a  sure  way  of  preventing 
oxidation.  He. places  the  iron  in  a  properly  constructed  furnace,  then 
covers  the  metal  with  soot,  or  other  matters  possessing  the  like  element; 
the  temperature  is  then  raised  to  red  or  white  heat,  and  continued  for  half 
an  hour,  or  according  to  the  size  of  the  iron  operated  upon.  It  is  then 
suffered  to  cool,  the  surface  is  cleaned,  and  Mr.  Reid  asserts  that  a  coat 
impervious  to  rust  is  formed.  If  this  is  verified  by  positive  experiments, 
the  cheapness  and  simplicity  of  the  plan  deserve  to  be  widely  known.  Mr. 
Joseph  Poleux,  of  New  York,  communicates,  in  the  same  year,  a  plan  to 
overcome  oxidation.  He  employs  muriatic  acid,  nitric,  or  sulphine  acid,  of 
the  ordinary  degrees  of  concentration  in  commerce,  without  dilution,  com- 
bined with  the  introduction  of  spelter  into  the  cleansing  process.  In 
1857  Mr.  G.  Bedson  patented  a  new  process.  He  melts  a  quantity  of 
pitch  derived  from  mineral  tar,  and  a  proportion  of  tar  oil,  with 
caoutchouc  tempered  with  tar  oil  and  shelllac,  the  substance  to  be  solid 
and  elastic  when  cold.  Mr.  C.  P.  L.  Oudry  claims  depositing  copper  on  a 
preservative  or  intermediate  coating  instead  of  on  the  metal.  He  deposits 
copper  in  a  pure  state  to  any  thickness  on  all  metals.     Mr.  C.  lies,  in 

1857,  described  a  means  of  applying  earthy  cements  to  metals.  In  1858, 
Mr.  J.  Coutts  received  a  patent  for  applying  the  following  pigment  by 
heated  air  :— 

Carbonate  of  baryta       ...         ...         ...         ...         "650 

Litharge...         ...         ...         ...         ...         ...         '065 

Arsenious  acid    ...         ...         ...         ...         ...         '030 

Asphaltum  ...         '050 

Oxide  of  calcium...         ...         ...         ...         ...         "030 

Creosote  (oil  of  tar)       ...         ...         "175 

Perhaps  the  most  novel  introduction  is  that  patented  here  by  Messrs. 
Bouchard  and  Clavel,  the  Paris  bankers,  in  1853.  On  the  estate  of  La 
Gruerie,  in  Charney,  Department  of  Yonne,  Prance,  is  found  an  earth  of 
the  ochre  description,  called  "  Burgundy  Red."  This  earth  contains  most 
valuable  properties,  and  is  said  to  be  an  exceedingly  good  preservative 
against  rust.  It  is  used  as  a  cement  and  paint  by  admixture  with  the 
following  : — 

Burgundy  red  66  parts 

Grease  or  oil...         ...         ...         ...         ...         15     „ 

Lime...         ...         ...         ...         ...         ...         11     „ 

Unburnt   earthenware,   chalk,   or   Roman 

cement     8    „ 

100  „ 
This  is  said  to  prevent  oxidation  if  the  earth  is  merely  diluted  with  volatile- 
oil.  D.  M'Crae,  in  1858,  was  allowed  a  patent  for  preserving  bottoms  of 
ships  from  fouling  or  decay.  He  applies  grease  from  the  cells  of  boiled 
bones,  kitchen-stuff,  and  butter  without  salt ;  a  poisonous  matter  is  mixed 
with  these  fatty  substances.  Mr.  G.  P.  Lock,  in  1858,  made  a  composition- 
for  the  under  coating  of  iron  ships,  made  from  iron  ore  ground  in  boiled 
linseed  oil  50  per  cent.,  and  oil  of  turpentine  50  per  cent.,  well  mixed.  For 
the  outer  coatings,  white  lead  40  per  cent.,  blue  mineral  or  copperas  10  per 
cent.,  and  oil  of  turpentine  50  per  cent.  In  1859,  Mr.  Henry,  on  the  part 
of  Moisant  and  Co.,  sought  protection  for  bituminous  products  and  com- 
pounds of  bitumen  for  preventing  oxidation.  Mr.  T.  J.  Labelle  made  a 
preparation  of  caoutchouc  paints  and  colours  for  vulcanising.  Mr.  J. 
Crawford,  of  Liverpool,  in  1859,  applied  for  a  patent  for  a  metallic  paint 
or  varnish,  composed  of  plumbago,  or  black  lead,  fine  or  gum  varnish, 
arsenic,  and  spirits  of  turpentine  mixed.  Mr.  F.  W.  Emerson,  in  1859, 
prepared  an  anti-corrosive  paint  from  oxi-chloride  of  lead,  mixed  and 
grouud  with  oil,  turpentine,  varnish,  or  other  vehicle.  Mr.  Weild,  in  1859, 
sought  to  economise  time  and  labour  by  a  mechanical  machine  for  applying- 
paints  to  metals  on  large  surfaces.  Mr.  James  Meikle,  in  1859,  proposed 
coating  iron  ships  with  asphalte.  In  the  same  year,  M.  Auguste  Pin  dis- 
solved sugar  in  muriate  ot  zinc,  then  added  wax  and  soap,  in  which  was; 
incorporated  calcareous  stones,  phosphate  of  soda,  sulphate  of  zinc,  and 
copper,  and  the  syrup  of  potatoes  or  sugar,  with  powdered  marble,  quartz,, 
or  felspar. 

In  1859,  Mr.  F.  G.  Spilsbury,  of  Louvain,  applied  for  a  patent  for  the 
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manufacture  of  a  paint.  He  took  sulphate  of  lead,  and  heated  it  to  a  red 
heat,  either  by  itself  or  mixed  with  alumina  or  other  earths;  the  pigment 
thus  obtained  to  be  washed  first  with  sulphuric  acid,  then  with  water, 
when  it  is  finally  dried.  Previous  to  drying  the  pigments  they  are 
digested  with  salts  of  tungstic  acid,  molybdic  acid,  titanic  acid,  tantalic 
acid,  arsenic  acid,  acid  of  antimony,  or  other  metallic  acid,  or  with  mixture 
of  the  above  salts.  A  combination  between  the  sulphate  of  lead  and  the 
metallic  acid  or  acids  is  obtained,  and  the  resulting  pigments  are  dried  in 
like  manner  after  having  been  cleared  from  all  adhering  salts.  The  pig- 
ments may  then  be  mixed  with  oil  and  used  as  a  substitute  for  white  lead. 
Mr.  J.  F.  P.  Lecocq,  in  1860,  prepared  a  calcareous  varnish  for  coating 
iron  and  the  bottoms  of  ships.  Mr.  H.  Kemp,  in  1860,  patented  a  com- 
position consisting  of  peat  tar,  wood  tar,  methylated  spirit,  peat  oil,  or 
linseed  oil,  arsenic,  resin  and  carburet  of  iron,  for  preserving  ships'  bottoms. 
Mr.  Allen's  plan  of  making  a  coating  or  anti-corrosive  paints  for  metals 
is  thus  given  : — Ammouiacal  liquid  obtained  from  coal  tar  or  gas  tar,  pre- 
vents incrustation  of  boilers,  and  is  applicable  to  painting  the  inside  plates. 
Messrs.  Pile  and  Smyth,  of  West  Hartlepool,  took  out  a  patent  in  1860. 
They  employ  a  red  composition  and  enamel,  consisting  of  a  combination 
of  litharge,  Venetian  red,  and  piue  varnish.  Over  this  composition  is  ap- 
plied a  coating  of  resin,  gums,  or  any  pitch  or  bituminous  substance,  with 
the  addition  of  coal  tar  or  oil.  This  is  put  on  in  a  hot  lava  state,  and  the 
process  is  called  enamelling.  An  impermeable  oil  varnish  was  patented 
by  M.  Antoine  Bonet  in  1S60,  composed  of  100  parts  of  alcohol,  100  parts 
of  spirits  of  turpentine,  one  part  of  sulphuric  ether,  and  one  of  carborate 
of  soda. 

Mr.  Robert  Smith,  shipowner,  of  Finsbury,  applied  to  the  Patent-office, 
in  1860,  to  protect  his  system  for  keeping  vessels  from  fouling  and  worm- 
ing. He  applies  equal  parts  of  pitch,  tar,  resin,  and  turpentine,  with  any 
other  adhesive  compound.  Assafa-tida  to  be  mixed  with  the  foregoing,  as 
a  poiion  to  destroy  life.  When  the  coting  is  laid  on,  and  dry,  the  whole 
to  be  covered  with  paper  or  cloth.  Mr  G.  Hallett,  in  1860,  "in  his  patent 
explains  his  method  of  protecting  melal.  He  grinds  the  oxide  of  antimony 
to  powder,  then  dries  it,  and  mixes  with  it  1211)3.  of  linseed  oil  to  the 
hundred  weight  of  powdered  oxide.  Mr.  Richardson,  1861,  to  prevent  oxi- 
dation, would  cover  the  metal  with  vulcanised  india  rubber,  cloth  or  gutta 
percha,  the  object  sought  being  to  provide  for  unequal  expansion  of  the 
metal  and  coating.  Mr.  Francis  I'luz,  chemist,  1861,  causes  oxygen  to  be 
passed  through  sulphuric  acid,  to  render  the  oxygen  more  active  as  an 
oxydising  agent,  as  it  combines  when  so  treated,  with  other  substances  for 
which  it  has  an  affinity  for  manufacturing  purposes.  Mr.  Pluz  also,  in  a 
second  patent,  submits  oily  matters  to  this  oxidising  agency,  by  causing 
the  sulphurated  gas  to  pass  through  them  when  iu  a  liquid  state.  Mr. 
Martin  Miller  sends  a  communication,  in  1861,  for  coating  metals 
or  alloys  in  different  ways.  Mr.  John  Hay,  in  1861,  patented  a  drying  oil. 
He  lays  a  non-conducting  coat,  and  then  makes  a  paint  by  grinding  in 
linseed  oil  the  black  or  protoxide  of  copper,  which  is  then  boiled  till  re- 
duced to  the  sub-oxide,  and  by  thu  oxygenating  the  oil  he  claims  to  have 
formed  a  quick  drying  cupreous  oil.  Mr.  John  Snider,  of  the  United 
States,  patented  here  a  compound,  in  1861,  for  coating  metal.  He  reduces 
amorphous  graphite  to  fine  powder,  and  then  mixes  it  with  ore  by  the 
agency  of  a  heated  steam  [ripe.  When  cool  and  dry,  one  pound  of  oil  is 
added  to  three  pounds  of  the  powder,  and  when  the  ingredients  are  com- 
bined, hot  pare  beeswax,  iu  the  proportion  of  one  of  wax  to  lOlbs.  of 
graphite,  is  mixed.  Afterwards  linseed  oil  may  be  added.  Mr.  Snider 
details  his  manner  of  manipulating  and  preparing  the  graphite  and  ore. 
Messrs.  Hallett  ami  Stenbonse,  in  L861,  obtained  a  patent  lor  the  manu- 
facture of  pigment  for  coating  surfaces.  They  employ  native  oxide  of 
antimony,  chemically  treated  in  ways  too  intricate  for  explanation  in  this 
abbreviated  outline,  and  mixed  with  red  lead  or  litharge.  They  sometimes 
take  type  metal  or  worn  out  types,  reduce  than  to  a  ooarae  powder,  and 

then  mil  them  with  their  own  Weight  Of  sine,  and  calcine  them.  This 
produces  a  yellow  pigment. 


SUM, I. ITo    AM)    modus    IMPROVEMENTS   IN   GENERATING 
HEAT  AND  MOTIVE  POWER, 

The  importance  of  being  able  to  burn  offusefully  fuel  from  a  very  small 
area  of  grate  ban  is  ■  detMeratam  well  known.  With  the  view  ol  effect- 
ing  this  desirable  object      and    of  utilising  the  highly  he, r  |i  and 

other  products  resulting  from  ti imbastion  ol  reel  within  a  closed  fur- 
nace, coupled  with  the  ability  of  superheating  rteam  without  the  necessity 
for  a  separate  and  special  superheating  apparatus — Messrs,  Sihllito  and 
Moor,  of  Hull,  have  recently  invented  an  arrangement  of  furnace  in  whiob, 

instead  of  constructing  steal gine  and  other  furnaces  In  the  usual  wai , 

and  effecting  combustion  bi  aJmitti  current  of  atmospheric  air 

ith  the  furnace  ban  alone,  oi  partly  beneath  the  furnace  ban   ind 

partially  through  oi  above  the  rnxnace  door  and  on  to  the  burning  fuel; 

(or, as  is  otherwise  ui  |  and  regulating  th Donation  of  the  fa  tl 


by  the  admission  of  the  current  of  atmospheric  air  alone,  or  aided  by  a 
steam  blast  or  jet  of  steam,  and  with  or  without  the  use  of  a  damper,  the 
furnace  is  so  formed  as  to  burn  off  the  fuel  within  an  air-tight  enclosure 
and  the  amount  of  atmospheric  air  necessary  for  effecting  the  combustion 
of  the  fuel  is  forced  in  under  the  requisite  pressure.  The  emission  or 
escape  of  the  products  of  combustion  from  the  furnace  and  flues  and  pas- 
sages is  regulattd  by  uftans  of  a  valve,  damper,  or  regulator,  or  by  valves, 
dampers  or  regulators  capable  of  being  closed  air-tight,  and  the  hopper, 
door  or  other  means  of  admitting  the  fuel  into  the  furnace  is  closed  air- 
tight to  resist  the  requisite  pressure.  The  shape  or  internal  form,  and 
the  dimensions  of  the  furnace  must  be  varied,  to  suit  the  particular  form 
of  boiler,  or  the  purpose  to  which  it  has  to  be  adapted,  and  the  air  may 
be  compressed  to  any  extent  by  the  well-known  means  at  present  in  use, 
such  as  by  pumps,  fans  and  such  like  apparatus;  and,  the  pressure  at  which 
the  air  is  to  be  employed  within  the  furnace,  as  also  the  rate  of  combustion, 
is  regulated  by  the  escape  of  the  products  of  combustion  through  a  regulator 
iu  the  emission  pipe  or  flue. 

The  air  forced  into  the  furnace,  under  pressure,  may  he  heated  to  any 
required  extent  before  it  is  brought  into  coutact  with  the  fuel. 

The  gaseous  and  highly  heated  products  of  combustion  arising  from  the 
burning  off  of  the  fuel  within  the  small  close  furnace  may  be  passed  into 
the  boiler  and  mixed  along  with  the  steam  and  the  mechanical  force  due 
thereto  thus  be  utilized. 

Instead  of  employing  directly  the  steam,  or  the  steam  and  highly  heated 
products  of  combustion  combined  together,  for  the  purpose  of  producing 
motion  in  the  engine,  the  boiler  and  its  furnace  constructed  according  to 
this  invention  may  be  placed  as  closely  as  convenient  to  a  boiler  of  the 
ordiuary  or  any  suitable  kind,  and  the  highly  superheated  steam  or  steam 
and  gaseous  products  combined  (generated  in  the  smaller  boiler  constrncted 
according  to  this  invention)  may  be  passed  into  the  water  contained  in  the 
larger  boiler  and  so  generate  steam  of  sufficient  pressure  and  temperature 
for  the  purpose  for  which  it  is  required  to  be  employed. 

The  fuel  may  be  fed  into  the  close  furnace  by  means  of  a  hopper  with 
chambers  or  drop  spaces  closed  with  air-tight  slides  or  valves,  or  the  fuel 
may  be  fed  in  by  means  of  a  screw  or  screws,  or  any  other  of  the  well- 
known  mechanical  means,  enclosed  within  a  chamber  or  tube. 

In  every  case  it  is  important  to  thoroughly  protect  and  encase  the  boilers 
and  furnaces  constructed  according  to  this  invention,  to  prevent  the  great 
loss  arising  from  the  radiation  of  heat ;  and  as  the  employment  of  com- 
pressed air  for  promoting  the  combustion  of  the  fuel  within  the  air-tight 
furnace  necessitates  a  furnace  with  but  a  very  small  cubical  capacity  as 
compared  with  the  heat  abstracting  surfaces,  these  latter  should  be  of  as 
great  an  extent  as  possible,  and  of  the  best  form  calculated  to  abstract  the 
heat  and  transmit  to  the  water  to  be  converted  into  steam. 

We  may  add  that  some  experiments,  made  with  this  apparatus,  have, 
we  understand,  proved  of  a  satisfactory  nature  ;  and,  as  the  questions 
involved  are  of  very  considerable  importance,  we  shall  hope  to  be  able  to 
again  refer  to  this  subject,  and  lay  before  our  readers  the  further  particulars 
of  the  results  obtained,  when  the  experiments  are  concluded. 


RAILWAY  STATISTICS— LOCOMOTIVE  POWER. 
Next  to  traffic  charges,  the  cost  of  locomotive  power  is  the  largest 
item  of  the  expenses  of  a  railway  company.  Iu  1862  the  aggregate  cost 
of  the  railways  of  Great  Britain  of  locomotive  power,  including  the  ex- 
penses of  all  stationary  engines,  was  £3,966,005,  or  27'79  per  cent,  of  the 
gross  expenditure  of  the  lines.  Locomotive  power,  of  course,  includes  all 
the  expenses  attending  the  working  of  the  engines  by  which  the  trains  are 
drawn  ;  but  so  much  has  the  cost  been  felt  to  depend  upon  the  engine 
driver,  that  one  of  our  great  companies,  not  many  years  ago,  entered  into 
a  contract  with  their  engine  drivers  for  the  working  of  their  locomotives. 
They  were  to  be  paid  so  much  per  train  mile  for  working  their  engines, 
and  were  to  purchase  from  the  company  out  of  that  amount  all  the  fuel 
and  stores  they  required  for  the  purpose  at  a  fixed  scale  of  prices.  Such 
was  the  effect  of  this  contract  that  il  was  soon  found  that  some  of  the. 
drivers  were  netting  as  much  as  U^il  per  week.  Of  course,  the  mileage 
rate  was  thereupon  reduced;  und  we  believe  the  reductions  wont  on  until 
tin'  drivers  at  last  declined  to  work  at  the  rates  proposed  to  them.  But 
oH'ed   was  to   bring  the  locomotive  expenses  of  the  company    in  question  to 

a  minimum,  to  economise  the  use  of  atores,  and  to  make  the  enginemon 
doubly  oareful  ■  >.  their  engii 

Fuel  forms  so  large  a  proportion  of  the  cost  of  locomotive  power,  that. 
this  item  of  expenditure  is,  to  soma  extent,  affected  on  different  linos  of 
railroad  by  the  facilities  of  access  which  the  line-  possess  to  coal  fields,  it. 
ia  also  by  the  quality  of  the  fuel  consumed.    Then 

has  been  much  dispute  recently  u  to  the  relative  ooal  "i  ooal  and  coke 
in  working  locomotive  engines  j    hit   the   ooet  ol  locomotive  power  on 
lines  which  bavi  iportion  of  ooal  does  not  appear 

an)  decided  Lnfennce  in  favour 
\  ■  -■ I  supply  would  set  m  t  i  be 
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the  principle  which  should  rather  govern  companies  in  the  employment  of 
fuel.  Where  a  supply  of  good  steam  coal  can  be  readily  obtained  there 
would  seem  to  be  little  advantage  in  using  coke ;  but  where  there  are  no 
coal  fields,  and  the  engines  have  to  be  supplied  with  fuel  carried  over  long 
lengths  of  railway,  the  lighter  the  load  of  fuel  to  be  conveyed,  the  less 
will  be  the  cost  to  the  company  for  its  conveyance. 

It  must  be  admitted,  however,  that  there  are  some  disadvantages  in  the 
use  of  coals  which  do  not  apply  to  coke.  A  considerable  item  of  expendi- 
ture under  the  head  of  locomotive  power,  consists  of  wages  to  engine 
cleaners.  There  can  be  no  doubt  that  coal  is  the  dirtier  article,  and  that 
the  cost  of  engine  cleaning  is  increased  where  coal  is  used.  Whether  the 
employment  of  coal  is  more  injurious  to  the  engine  itself  is  a  disputed 
question,  on  which  present  experience  does  not,  perhaps,  justify  a  decided 
opinion.  Complaints  have  recently  appeared  in  some  of  the  papers  that 
the  use  of  coal  is  an  annoyance  to  passengers,  from  the  smoke  and  dust 
emitted  by  the  engine  in  which  it  is  employed.  But  as  to  this,  it  should 
be  observed  that  where  coal  is  most  largely  employed,  as  on  the  South- 
western Eailway,  it  is  used  in  engines  which  consume  their  own  smoke. 
Certainly  it  ought  not  to  be  used  by  any  engines  that  do  not  consume 
their  own  smoke.  It  is  easy  enough  to  apply  a  smoke-consuming  apparatus 
to  a  locomotive,  and  the  Railway  Clauses  Consolidation  Act  (8  and  9  Vic, 
c.  20)  provides  that  "  every  locomotive  used  on  a  railway  shall,  if  it  use 
coal  or  other  similar  fuel  emitting  smoke,  be  constructed  on  the  principle 
of  consuming,  and  so  as  to  consume,  its  own  smoke/'  under  a  penalty  of 
£5  for  every  day  on  which  such  engine  is  used.  But  this  Act,  it  should 
be  observed,  only  applies  to  railways  constructed  since  1845. 

There  is  one  other  inquiry  with  regard  to  power  that  is  of  great  im- 
portance. From  time  to  time  we  hear  reports,  generally  of  a  vague  and 
unsatisfactory  character,  of  some  power  having  been  discovered  that  is 
likely  to  supersede  the  power  of  steam  as  a  means  of  locomotion.  Now 
there  is  one  infallible  test  which  may  be  applied  to  all  proposals  to  substi- 
tute any  other  power  for  the  power  of  steam.  The  test  is  cost.  Loco- 
motive power  applied  to  railway  costs,  as  already  stated,  something  less 
than  9d.  per  train  mile.  Can  any  power  be  invented  that  is  cheaper  ?  At 
present  the  disparity  in  favour  of  steam,  as  compared  with  the  cost  of 
employing  any  other  power  at  our  command,  is  much  greater  than  is 
generally  known.  Taking  coal  as  an  unit,  it  has  been  established  that  the 
relative  approximate  cost  of  employing  the  power  at  our  disposal  stands 
thus : — 

Coal ...       1 

Horse  power  ...         ...  ...         ...     10 

Electric  power       ...         ...         ...         ...     70 

Manual  power        ...         ...         ...         ...     90 

Or,  to  put  it  in  another  form,  there  may  be  raised  for  every  shilling 
spent  by  : — 

Manual  power  600,0001b.  lft.  high. 

Electro-magnetism 900,000  „ 

Horsepower  3,600,000 

Steam  power  56,000,000 

Until,  therefore,  a  power  is  obtained  that  can  raise  more  than  56,000,0001b. 
lft.  high  for  a  shilling,  we  may  rest  satisfied  that  steam  power  will  con- 
tinue the  great  motive  power  of  the  world.  It  was  observed  at  the  out- 
set that  the  cost  of  locomotive  power  included  the  working  stationary 
engines.  These  are  now  very  few  and  far  between  on  railways,  and  em- 
ployed only  for  the  purposes  of  hoists,  or  for  the  working  of  inclines. 
For  all  purposes  of  traffic,  experience  has  proved  the  stationary  engine  to  be 
more  costly  than  the  locomotive,  as  well  as  less  efficient.  In  working  traffic  a 
stationary  engine  expends  an  immense  amount  of  its  power  in  counteract- 
ing the  friction  of  the  rope  by  which  it  has  to  haul  the  train  ;  and,  besides 
this  cause  of  expense,  it  has  to  be  kept  in  readiness  to  work  both  night  and 
day,  which  necessitates  double  machinery,  so  that  two  stationary  engines 
are  required  where  one  locomotive  would  suffice.  In  addition  to  these  con- 
siderations a  stationary  engine  can  only  work  traffic  over  a  space  of  some 
three  miles  at  the  most,  so  that  on  a  railway  of  one  huudred  miles  in  length, 
more  than  thirty  stationary  engine  houses  would  have  to  be  erected,  and 
each  with  duplicate  engines ;  and  each  train  would  have  to  stop  at  each 
station  house,  in  order  to  detach  and  affix  its  ropes.  Hence,  engines  of 
this  class  are  inapplicable  to  a  continuous  system  of  railway  traction,  and 
where  they  were  at  one  time  established,  they  have  been  abandoned.  On 
the  Blackwall  Railway,  where  the  stationary  engine  system  lingered  last, 
it  was  found  that  engine  power  equal  to  the  power  of  400  horses  was  re- 
quired to  draw  the  train  on  a  level,  by  means  of  a  rope,  the  distance  re- 
quisite for  its  passage  over  that  line.  The  cost  of  working  would  have, 
alone,  compelled  the  abandonment  of  the  system  had  not  the  exigencies  of 
the  traffic  otherwise  necessitated  it. 

The  locomotive  engine  is,  therefore,  the  cheapest  as  well  as  the  most 
effectual  form  of  applying  the  cheapest  and  most  effectual  power  with 
which  science  has  acquainted  us  ;  it  will  work  best  and  cheapest  where  the 
road  is  the  most  perfect,  aud  where  the  least  resistance  is  offered  from 
adverse  gradients.     The  more  perfect  the  surface  of  the  line  the  less  the 


tractive  power  needed,  and  the  less  the  tractive  force,  the  less  the  necessity 
for  size,  which  implies  dead  weight,  in  the  machine.  This  naturally  leads 
to  the  consideration  of  the  next  item  of  railway  expenditure — the  sum 
annually  spent  upon  the  maintenance  of  permanent  way  and  works. 

Maintenance  of  Way  and  Works. — The  annual  outlay  of  the  railway 
companies  under  this  head  of  charge  is  £2,708,638  a  year,  or  nearly  79  per 
cent,  of  the  total  expenditure.  The  cost  of  maintenance  of  permanent 
way  varies  on  different  railways  from  4>d.  to  8\d.  per  train  mile,  the  aver- 
age being  about  6d.,  at  which  figure  some  of  our  largest  railways  stand. 
High  speed  must  be  regarded  as  the  main  governing  cause,  at  the  present 
time,  of  the  expense  of  maintaining  permanent  way  ;  and  a  calculation  of 
the  relative  outlay  of  different  railway  companies  under  this  head  certainly 
appears  to  bear  out  this  conclusion.  Contrasting  the  cost  of  these  works 
upon  four  of  our  railways,  over  which  trains  are  run  at  very  high  speeds, 
with  the  cost  on  four  lines  which  have  equally  heavy  traffic,  but  on  which 
trains  are  run  at  more  moderate  speeds,  we  find  the  following  results ; — 
Railway.  No  of  miles.         Cost  of  maintaining  Average  per 

open.  way,  &c.  mile. 

South-Eastern 286     £105,254     £368 

Great  Northern  414     141,670     342 

North-Western   1196     393.6H4     321 

Great   Western  730     232,040     314 

South-Western    515     131,775     256 

Midland   647     161,645     250 

North-Eastern     895     181,099     202 

Great  Eastern 660     132,805     201 

This  table  is  somewhat  remarkable  as  showing  the  effect  of  speed  alone  ; 
because  it  may  be  fairly  assumed  that  as  regards  the  weight  of  the  load, 
the  four  last-mentioned  railways  are  pretty  much  on  a  par  with  the  four 
first  mentioned — the  South-Eastern  with  the  South-Western,  the  Great 
Northern  with  the  Midland,  the  North-Western  with  the  North-Eastern, 
and  the  Great  Western  with  the  Great  Eastern ;  and  yet  it  will  be  ob- 
served that  the  disparity  in  respect  to  the  average  cost  per  mile  per  annum 
for  maintenance  of  way  between  the  highest  speed  and  the  more  moderate 
speed  lines  is  very  considerable. 

In  the  case  of  some  lines  the  exigencies  of  permanent  way  have  been 
so  much  felt  as  to  necessitate  experiments  of  new  materials.  In  the  last 
report  of  the  London  and  North-Western  Railway  Company  it  was  stated 
that  they  had  made  a  trial  of  a  new  description  of  rail  made  of  steel : — 

"  The  results  are  important  and  satisfactory.  Some  of  the  rails  were 
laid  down  at  Rugby,  Stafford,  and  Crewe,  in  March,  1862,  and  are  wearing 
well.  In  May,  1862,  some  were  laid  down  at  Camden  parallel  with  the 
best  description  of  iron  rail.  So  severe  was  the  test  that  the  iron  rails 
speedily  gave  way,  and  had  to  be  frequently  renewed,  worn  out,  whilst 
the  steel  rails  continue  to  show  little  appearance  of  wear.  Having  regard 
to  the  importance  of  procuring  the  most  efficient  rail,  so  as  to  avoid  the 
frequent  renewal  now  found  necessary  on  the  main  line  and  at  the  princi- 
pal stations,  the  directors  have  found  it  expedient  to  adopt  and  substitute 
the  steel  rail  to  that  extent  at  least,  and  having  agreed  with  Mr.  Bessemer 
as  to  the  royalty  to  be  paid  for  the  use  of  his  patent,  they  have  made  the 
needful  arrangements  at  Crewe  for  the  production  of  steel  to  the  extent 
of  10,000  tons  per  annum." 

Opinions  may,  and  probably  will,  differ  as  to  the  advisability  of  produc- 
ing these  rails  at  Crewe,  where  a  first  expenditure  of  no  less  than  £38,000 
is  required  to  be  incurred  for  the  "  erection  of  steelworks,"  besides  £16,000 
for  "  additional  water  supply;"  items  that  the  shareholders  may  expect  to 
see  very  largely  swollen  in  future  "requests  for  votes."  But  there  will  be 
but  one  opinion  as  to  the  desirability  of  adopting  upon  this  important 
railway  the  very  best  and  most  lasting  description  of  rail,  that  which  will 
stand  the  hardest  work,  and  necessitate  the  least  interruption  of  the  line 
during  renewals.  To  the  North-Western,  almost  beyond  all  other  lines, 
it  is  important  to  have  a  durable  permanent  way  ;  but  other  companies 
will  watch  with  no  little  interest  the  experiment  which  the  London  and 
North-Western  are  about  to  make  in  adopting  "  Bessomer's  patent  "  for  the 
passage  of  "limited  mails  "  and  "  monster  engines." — Mining  Journal. 
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Ohemicnl  Technology :  or  Chemistry  in  its  applications  to  the  Arts  and  Manu- 
factures. By  Tiros.  Richardson,  M.A.,  Ph.  D.,  F.R.S.E.,  M.R.I.A.,  &c,  and 
H.  Watts,  B.A.,  F.C.S.,  Ed.  "  Journal  of  the  Chemical  Society."  Second 
Edition.  Illustrated  with  numerous  wood  engravings.  Vol.  I.  Part  3.  Nos. 
1  and  2.    London  :  H.  Bailliere,  219,  Regent-street,  1803. 

The  rapid  strides  which  during  very  few  years  have  been  made  in  the  appli- 
cation of  chemistry  to  the  arts  and  manufactures,  and  the  numerous  and  impor- 
tant innovations  constantly  occurring  in  chemical  technology,  having  rendered 
valueless  the  few  good  works  of  reference  to  which  the  chemical  student  and  the 
manufacturer  were  wont  to  turn  for  reliable  technical  information,  the  absolute 
necessity,  therefore,  of  such  a  work  as  that  under  notice  cannot  be  over-estimated, 
and  by  no  abler  bauds  could  the  task  have  been  undertaken  than  Dr.  Thos. 
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Richardson  and  Mr.  H.  Watts.  The  several  processes  described  in  the  two  parts 
under  notice  are  treated  in  the  most  able,  clear,  exact,  and  comprehensive,  yet 
succinct  manner,  and  are  illustrated  by  numerous  woodcuts  interspersed  through- 
out.    In  fact,  the  book  is  excellent  in  every'  particular. 


A   Practical    Treatise   on   the   Science  of  Laud   a  ■■'*'"//   Surveying, 

Levelling,  Estimating  Qiutntilies,$c.,vnth  Illustrations!  By  H.  8.  Meekett, 
Architectural  and  Engineering  Surveyor.     London  :  E.  and  P.  N.  Spon,  1863. 

We  congratulate  the  author  of  this  book  on  the  successful  result  of  his  labours . 
He  has  treated  of  land  and  engineering  surveying  in  so  admirable  and  complete 
a  manner  that  there  really  seems — after  a  carefui  perusal  of  his  book — nothing 
left  undone,  or  for  future  writers  on  the  subject  of  surveying  to  do.  The  student 
will  find  Mr.  Merrett's  work  a  perfect  vade-mecum. 


— Iron  Workers  and  Tool  Makers.  By  Si m iti.  Smii.es, 
author  of  "  Lives  of  the  Engineers,"  &c.  London  :  John  Murray,  Albemarle- 
strect,  1863. 

Whatever  the  subject  Mr.  Smiles  essays  to  treat,  success  beyond  the  utmost 
aspirations  of  mortal  authors  invariably  attends  upon  his  efforts,  therefore,  it 
is  needless  to  inform  our  readers  that  the  present  work,  by  Mr.  Smiles,  is  a  highly 
interesting  book,  treating  of  men  to  whose  genius  this  country  mainly  owes  its 
proud  pre-eminence  amongst  the  civilised  nations  of  the  earth.  Amongst  those 
selected  by  Mr.  Smiles  for  biographical  notice,  we  find  mention  of  the  great  and 
well-known  names  of  the  Darbey*  and  Reynoldses,  Benjamin  Huntsman,  H. 
Cort,  D.  Mus'iet,  J.  1!.  Neilson,  and  others  connected  with  the  production  of 
iron  and  steel,  and  of  Joseph  Clement,  Fox  of  Derby,  Murray  of  Leeds,  Roberts 
and  Whitworth  of  .Manchester,  James  Xasmyth  and  William  Fairbaim,  as  me- 
chanical engineers  and  inventors. 


A  Record  of  flu  Progress  of  Modern  Engineering  :  Comprising  Civil.  Mechani- 
cal, Marine,  Wydraal  ,  Works. 
Edited  by  W\t.  Ht/hbes,  Assoc.  Gut  C.E., Mem.  [nst.MJE.  Part  10  and  11. 
London:  E.  and  F.  X.  Spon. 

In  the  part  for  October  1st.  besides  giving  two  plates  of  details  connected  with 
the  Lambeth  Suspension-bridge,  we  pep  it  improvement,  to  our  mind, 

has  been  introduced  for  the  first  time  by  Mr.  Dumber  into  "The  Record."  He 
has  given  some  external  views  and  sections  of  ";  The  Alien  Bngine"  (American), 
which  engine,  by-the-by,  at  tir-t  right,  appears  to  he  a  "  screwed  and  lop  sided" 
sort  of  thing,  and  having  apparently  scarcely  any  other  peculiarity  or  merit, 
except,  pet-hap-,  thai  of  difference,  as  compared  with  the  besl  designs  of  properly 
disposed  material,  and  balanced  moving  parts  in  horizontally  arranged 
engines,  with  which  we  are  familiar.  We  hope  Mr.  Humber  will  con- 
tinue to  issue  the  pat  Che  Ret  I  monthly,  as  heretofore,  instead 
of  (as  we  perceive  i<  ia  announced  in  the  November  part;  in  a  half-yearly  or 
annua]  volume. 


Hmsntal  R  an    Engineering.    By    F.   Euumuon,    I'.s 

Xavy.     Vol.1.      Philadelphia:   William   Hamilton,  Hall    of  the  Franklin  In- 
stitute, iMU.'i  land  to  i>e  bad  of  II.  Paillfiv.  K.-.o-tit-strcet,  Loudon.) 
The  author  of  this  elaborately  got-up  work,  the  first  volume  of  which  has  just 

I    from   the   pre--,   i-    already    favourably    known   to    the    readers   of  Tin. 

Artizis  a-  the  chief  ol  the  bureau  of  steam  engineering  in  the  navy  department 
of  the  U.S.  Service,  and  an  extensive  experimenter  m  imios. 

The  hooks  previously   written  by  Mr.  uherWOod,  and  noticed  from  time  to  time 

in  The  Ahti/.v>,  are,  in  a  sense,  fragmentary  work-,  although  poeei 
interesl  ;  but  the  presenl  work  appears  to  have  been  undertaken  by  tie-  aathor 
"with  an  exhaustive  intent:"  ana  judging  by  the  quality  and  quantity  of  the 
matter  presented  in  Vol.  i,  be  mu-t  haw  l.ir,  mred  ban]  and  successfully  to  have 
itrung  together  the  results  of  so  many  experiments — some  of  them  lougoon- 
tinned,  and  maoj  of  them  faultleealy  conducted. 

The  branch  of  steam  engineering  to  which  Mr.  Ishcrwood,  in  his  present  work, 
more  especially  addresses  biuiHelf,  will  b  nd  by  citing  I rom   tin-  trout 

page.  "  The  experimental  re*  in  kes  have  been  made  principal]!  to  aid  in  i 
taming  the  compa  tm  used  with  different  mea- 

tus power  obtained  therefrom  in 
md  steam;  tl  ndquantihi  deneatiotta  in  the 

cylinders;  the  ecenomio  efli  jacketing,  and  steam  superheating, and 

rrioni  proportion,  ol  >  ylinder  capiuiM    for  tie-  -ami-  weight  of  sti-am  u»id  pn 
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"  ( !ompat  aroor- 

to   Watenna  mad*  wttli  a  view  to  determine  their  relative 

eoonomii  efficiency  in  support  ol  i  it  a  steam  en 

In  the**,  a^  in  all  the  following  experiments,  very  ample  di  iven,  and 

the  'I  kawriptson  «•!  t >i ■- 

manner  ol  making  the  expei 

idilj    and  I    I 

■ 
,  ,  the  same  rnetbodii  il  manner, 
Then  follow  ■  V.V 

■  \  Engineers,  com 

n*j  steam  with  difl 


measures  of  expansion.  Additionalremarks  in  connection  with  the  foregoing repor 
are  given,  and  some  pertinent  observations  on  the  truth  of  the  indicator  as  a 
meter  of  power,  on  the  dynamic  value  of  one  pound  of  steam,  used  without  ex- 
pansion, the  causes  of  the  condensation  of  steam  in  the  cylinder,  the  value  of 
steam  jacketing  and  steam  superheating,  and  on  the  application  of  the  laws  of 
Mariotte  to  vapours  and  gases. 

A  very  interesting  series  of  experiments  on  the  evaporation  given  by  the  ver- 
tical water  tube  boilers  of  the  U.S.  steamer  Michigan,  with  the  Ormsby  and 
Brooktield  coals,  and  with  the  anthracite  used  in  the  experiments  made  with  the 
machinery  of  that  vessel,  to  determine  the  relative  economy  of  using  steam  with 
different  measures  of  expansion.  The  results  here  defined,  and  those  made  with 
boilers,  Sic.,  of  other  ships  are  valuable. 

A  large  number  of  details  are  given  of  the  U.S.  screw  frigates  Merrimac, 
Wabash,  Minnesota,  Boanoke,  and  Colorado,  and  their  machinery,  aud  the  logs 
of  these  vessels  when  working  under  various  conditions  ;  and  a  comparison  of 
their  performances  are  deducable  therefrom. 

The  U.S.  screw  sloop  Brooklyn  is  described,  and  her  dimensions,  and  that  of 
the  engines,  boilers,  and  machinery,  and  their  respective  performances  are  given 
in  detail. 

The  experiments  to  determine  the  evaporative  efficiency  of  the  boiler  of  the 
U.S.  steamer  Jacob  Be??,  with  anthracite,  are  given  in  detail,  and  the  results 
tabulated. 

Experiments  to  determine  the  evaporative  efficiency  of  the  U.S.  steamer 
Mount  Vernon,  with  anthracite,  aud  with  Cumberland  semi-bituminous  coal  and 
experiments  to  determine  the  evaporative  efficiency  of  the  U.S.  steamer 
Valley  City,  with  anthracite,  and  with  Cumberland  semi-bituminous  coal,  and 
experiments  to  determine  the  evaporative  efficiency  of  the  U.S.  steamer 
>er,  with  anthracite,  will  have  great  value  assigned  to  them  by  the  English 
marine  engine  builders. 

Experiments  to  determine  the  relative  evaporative  efficiency  of  the  boiler  of 
the  U.S.  steamer  Wyandotte,  with  the  usual  arrangement  of  furnace,  and  with 
the  "Amory-bridge"  applied.  Also  to  determine  the  relative  evaporative  efficiency 
of  the  boiler  with  Blackheath  anthracite,  and  with  broad  top  semi-bituminous 
coal,  under  various  conditions  of  thickness  of  fire,  and  of  admission  and  sup- 
pression of  air  through  holes  in  the  furnace  doors,  are  all  useful  in  their  way, 
and  will  prove  valuable  when  contrasted  with  the  results  of  English  experiments. 

Experiments  to  determine  the  evaporate  efficiency  of  the  Underwriter,  with 
Anthracite  and  Cumberland  semi-bituminous  coal,  and  experiments  to  determine 
the  evaporative  efficiency  of  the  Young  American  with  anthracite. 

The  foregoing  very  comprehensive  experiments  upon  the  several  steam  boilers 
of  vessels  in  the  U.S.  navy  will  prove  of  the  highest  possible  interest  to  our  en- 
gineering friends  "  on  this  side  Jordan." 

A  series  of  experiments  were  made  on  the  machine  shop  boilers  of  the  New 
York  navy  yard,  with  Locust  Mountain  and  Blackheath  anthracite,  to  determine 
their  relative  evaporative  efficiency  ;  and,  also,  the  effect  produced  upon  the 
economic  evaporation  of  th*  boiler  lry  continuously  diminishing  its  heating  sur- 
faces and  calorimeter  by  stopping  up  successive  rows  of  tubes ;  and  another 
series  of  experiments  made  witb  the  machine  shop  boiler  of  the  New  York  navy 
yard,  on  the  anthracites,  semi-bit umi nous,  and  bituminous  coals  from  the  principal 
localities  mined  for  the  New  York  and  Philadelphia  markets  in  1862,  to  deter- 
mine their  comparative  evaporative  efficiency,  are  useful,  particularly  when  the 
exact  character  of  each  fuel  used  is  known,  and  can  be  compared  with  the  various 
English  c  >a'g. 

Experiments  made  with  the  machinery  of  the  U.S.  iron-clad  steam  battery 
Monitor,  to  determine  the  cost  of  the  indicated  horse-power  in  pounds  of  steam 
and  fuel  per  hour,  when  using  the  »tcaui  expansively  and  without  expansion  :  and 
to  determine  the  evaporative  efficiency  of  the  boiler  with  anthracite;  and, 
finally,  experiment*  made  with  the   machinery  of  the   U.S.   iron-clad  steamer 

Kaeh  series  of  experiments  is  oompkltely  worked  out  and  generally  tabulated; 
and  wherever  it  is  possible  to  give  an  illustrative  diagram  or  a  plate  engraving, 
the  author  lia,  introduced  it. 

Mr.  [sberwood  has  been  unsparing  in  his  labours  to  render  the  work  complete, 
and  he  bae  succeeded;  and  we  shall  hail  with  eon  si,  let-able  satisfaction  she-appear- 

atiee  of  the  uc-\t.  ami  of  any  addition*]  volumes  of"  Experimental   lleseaivhes  in 
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Recent  Legal  Decisions. 


r  The  Aktiza.n, 
L     Dec.  1, 1863. 


that  of  Messrs.  K.  and  W.  Hawthorn,  of  Newcastle-on-Tyne,  who  read  a  paper 
upon  the  subject  at  the  last  meeting  of  the  British  Association.  You  will 
find  a  description  and  illustrations  of  the  plan  in  The  Abtizan  of  last 
month. 

W.  C.  R. — Communications  received,  and  the  particulars  used  with  thanks. 

X. — The  steam  trap  to  which  you  refer  is  the  invention  of  a  Mr.  G,  W.  Furman, 
of  New  York,  and  we  have,  at  your  request,  given  illustrations  of  the  apparatus. 
Figure  1  is  a  sectional  view  of  the  trap.  A,  the  outside  shell ;  B,  the  globe 
or  float ;  C,  a  slide  valve  on  the  stem ;  D,  the  passage  through  which  the  water 


Fig.  1. 

enters  the  trap  ;  and  E,  the  stem  through  which  it  is  passed  off.  When  the 
trap  is  set,  there  is  water  enough  poured  into  the  outside  shell  A,  to  float  the 
globe  B,  arid  close  the  valve  C,  which  will  remain  closed,  preventing  the  passing 
off  of  either  steam  or  water  until  the  latter  has  filled  the  globe  and  sunk  it, 
when  valve  C  opens,  and  the  pressure  of  steam  forces  the  water  through  pipe 
E.  So  soon  as  the  water  has  passed  out  of  globe  B,  it  will  rise  and  valve  C 
close,  preventing  the  passage  of  steam  as  before.  Pig.  2  illustrates  the  mode 
of  attaching  the  trap  to  the  steam  chest  of  a  vertical  engine. — Directions  for 
■using  the  Trap.    When  this  instrument  is  attached  to  an  engine,  the  check- 


Fig.  2. 

valves  must  be  placed  horizontally,  so  that  the  water  will  flow  freely  through 
them.  The  same  end  of  the  valve  that  is  placed  next  to  the  pump  for  feeding 
the  boiler,  must  be  placed  nearest  to  the  flow  of  water  from  the  engine.    It 


requires  to  be  so  far  filled  with  water,  before  first  getting  up  steam,  that  globe 
B  will  float.  If,  by  any  accident,  the  slide-valve  C  becomes  obstructed,  and 
the  steam  blow  through,  it  will  be  necessary  to  add  sufficient  water  to  again 
float  globe  B,  which  may  be  done  by  closing  the  cocks  in  the  connexions,  so 
far  as  to  permit  the  water  to  pass  into  the  trap  in  small  quantities,  or  by  pour- 
ing it  through  the  hand-hole.  Before  starting  the  engine,  after  lying  idle 
for  several  hours,  open  the  air-cock  on  the  top  of  shell  A,  and  let  it  remain 
open  until  the  air  collected  in  the  engine  has  passed  through  it.  The  valves 
connecting  the  trap  with  the  engine  should  always  be  open.  When  much 
lubrication  is  resorted  to  in  the  cylinder,  the  check-valves  may  occasionally 
require  to  be  cleaned  of  gum  or  grease.  If,  from  the  same  cause,  the  slide- 
valve  C  becomes  obstructed,  it  may  be  relieved  by  putting  a  small  quantity  of 


Fig.  3. 

potash  in  globe  B.  So,  too,  if  there  ever  be  an  accumulation  of  grease  in 
shell  A,  it  can  be  cleaned  in  the  same  manner.  The  trap  can  be  relieved  of 
dirt  by  removing  the  bonnet  from  the  lower  hand  hole,  and  blowing  steam 
through  it.  Pig.  3  illustrates  the  manner  of  attaching  the  trap  to  locomotive 
engines. 


ERRATA. 

In  The  Aetizan  for  November,  the  following  errata  occurred  at  page 
247,  descriptive  of  Messrs.  R.  and  W.  Hawthorn's  Method  of  Working 
Railways  by  Stationary  Engines.  Paragraph  6  from  top,  line  4,  for 
guard,  read  driver.  Paragraph  10  from  top,  line  3,  for  bridges,  read 
bogies.  Second  column,  line  2  from  top,  for  unmeaning  read  unnecessary. 
In  the  Discussion,  paragraph  9,  line  1,  for  using  read  wearing. 


RECENT    LEGAL    DECISIONS 
AFFECTING  THE  ARTS,  MANUFACTURES,  INVENTIONS,  &c. 


Undeb  this  heading  we  propose  giving  a  succinct  summary  of  such  decisions  and  other 
proceedings  of  the  Courts  of  Law,  during  the  preceding  month,  as  may  have  a  distinct 
and  practical  bearing  on  the  various  departments  treated  of  in  our  Journal :  selecting 
those  cases  only  which  offer  some  point  either  of  novelty,  or  of  useful  application  to  the 
manufacturer,  the  inventor,  or  the  usually — in  the  intelligence  of  law  matters,  at  least 
— less  experienced  artizan.  With  this  object  in  view,  we  shall  endeavour,  as  much  as 
possible,  to  divest  our  remarks  of  all  legal  technicalities,  and  to  present  the  substance 
of  those  decisions  to  our  readers  in  a  plain,  familiar,  and  intelligible  shape. 


Spencer  v.  Jack. — This  was  an  appeal  from  an  order  of  the  Master  of  the  Rolls.  The 
plaintiff  was  an  engineer  at  Newcastle,  and  in  July,  1860,  he  took  out  a  patent  for  an  im- 
proved method  in  condensing  steam  for  working  steam-engines  on  board  ships.  It 
appeared  from  the  specification  that  the  plaintiff  claimed  as  his  invention  a  new  combi- 
nation of  well-known  matters — namely,  surface  and  jet  condensers  of  steam,  which  pro- 
duced new  and  valuable  results.  The  bill  was  filed  to  restrain  an  alleged  infringement 
of  the  patent  of  the  defendant's  engineers  at  Liverpool,  and,  upon  the  application  to  the 
Master  of  the  Rolls  for  an  injunction,  his  honour  directed  issues  at  law  to  try  whether 
the  patent  of  the  plaintiff  was  a  new  and  useful  invention,  whether  it  had  been  suffici- 
ently described  in  the  specification,  and  whether  there  had  been  any  infringement  of  it 
by  the  defendants.  The  jury  found  in  favour  of  the  plaintiff  on  all  the  issues,  and  an 
application  for  a  new  trial  was  made  to  the  Master  of  the  Rolls  on  the  following  grounds : 
First,  that  there  had  been  a  misdirection  of  the  Lord  Chief  Justice  of  the  Common  Pleas  ; 
second,  that  the  verdict  was  against  the  evidence ;  third,  that  there  had  been  a  miscar- 
riage ;  and  fourth,  that  the  defendant  had  been  taken  by  surprise.  The  Master  of  the 
Rolls  granted  a  new  trial,  and,  upon  appeal  from  that  order  to  the  Lords  Justices,  their 
lordships  suggested  that  the  matter  should  be  brought  before  the  Lord  Chancellor.  The 
Lord  Chancellor  said  that,  looking  to  the  facts  as  submitted  to  him,  he  must  find  for  the 
validity  of  the  plaintiff's  patent,  at  the  same  time  he  did  not  consider  that  there  had  been 
an  infringement  of  it  by  the  defendant  such  as  would  come  within  the  term  of  the  plain- 
tiff's specification.  He  must  reverse  the  order  of  the  Master  of  the  Rolls  for  a  new  trial, 
but  dismiss  the  plaintiff's  bill  without  costs. 

Climie  v.  Buckley  Railway  Company. — Award  op  Aebiteatoes. — The  plaintiff  in 
this  case  had  constructed  the  defendants'  railway  upon  a  contract,  but  there  being  a 
large  claim  for  extras,  a  dispute  arose,  and  the  matters  were  referred  to  arbitrators,  who 


TnE  Aettzan. 
Dec.  1, 19C3.    J 


Sates  and  Novelties. 


281 


awarded  that  the  defendants  should  pay  the  plaintiff  £10,634  7s.  Id.,  and  £902  4s.  5d.  A 
few  days  ago  the  court  granted  the  usual  rule  calling  upon  the  defendants  to  show  cause 
why  they  should  not  pay  the  above  sum  pursuant  to  the  award.  Mr.  Lush,  (>.(.'.,  and 
.Mr.  Watkin  Williams,  in  showing  cause,  stated  that  one  of  the  conditions  of  the  contract 

that  the  plaintiff' should  accept  in  part  payment  any  number  of  shares  not  exc 
100,  at  their  nominal  value  of  £10  each.  Thcplaintifl.'however,  now  contended  that  he 
was  not  bound  to  take  the  shares,  because  the  arbitrator  had  awarded  him  so  much 
money;  but  it  was  submitted  to  the  court  that  the  arbitrator  had  simply  fixed  the 
amount  du.,;.  without  in  any  way  interfering  with  the  mode  of  payment  settled  by  the 
contract,  .Mr.  Gray,  Q.C.,  in  support  of  the  rule,  stated  that  there  had  been  certain  pro- 
ceedings in  parliament  varying  the  formation  of  the  company,  so  that  the  existing  shares 
were  not  the  same  things  as  those  mentioned  in  the  contract.  Besides,  all  the  shares 
had  been  allotted,  but  after  the  award  the  company  went  into  the  market  and  bought 
shares  to  tender  to  the  plaintiff.  After  some  discussion  it  was  arranged  that  the  question 
■whether  the  plaintiff  was  bound  to  accept  the  shares,  should  be  tried  by  an  action  or  a 
special  case,  and  that  the  remainder  of  the  amount  awarded  should  be  paid. 


NOTES  AND  NOVELTIES. 


OUR  "NOTES  AND  NOVELTIES"  DEPARTMENT.— A  SUGGESTION*  TO  OCR 
EEADEBS. 

We  have  received  many  letters  from  correspondents,  both  at  home  and  abroad,  thanking 
•  portion  of  this  Journal  in  which,  under  the  title  of  "  Notes  and  Novelties," 
we  present  our  readers  with  an  epitome  of  such  of  the  "events  of  the  month  preceding" 
as  may  in  some  way  affect  their  interests,  so  far  as  their  interests  are  connected  with 
any  of  the  subjects  upon  which  this  Journal  treats.  This  epitome,  in  its  preparation, 
nee  expenditure  of  much  time  and  labour;  and  as  wc  desire  to  make  it  as 

perfect  as  possible,  more  especially  with  a  view  of  benefiting  those  of  our  engineering 
brethren  who  n  .  we  venture  to  ma!>  m  to  our  subscribers,  from 

■which,  if  acted  upon,  we  shall  derive  considerable  assistance.  It  is  to  the  effect  that  we 
shall  be  happy  to  from  aU  who  have  the  leisure  to  collect 

and  forward  it  to  08.    Those  who  cannot  afford  the  time  to  do  this   would  -.'really  assi-t 
our  efforts  by  Bending  us  local  newspapers  containing  articles  on,  or  notices  of,  an 
connected   with    Railways,    Telegraphs,    Harbour-,    Do  I  -    -,    Military 

Engineering,  Marine  Engineering,  Shipbuilding,  Boilers,  Pomaces,  Smoke  Prevention, 
Chemistry  as  applied  to  the  Industrial  Arts,  Gas  and  Water  Works,  Mining,  Metal- 
lurgy, Ac.  To  save  time,  all  communications  for  this  department  should  be  add] 


The  Riteb  Tees. — An  important  work  has  been  commenced  at  the  mouth  of  the 
river  Tees.  The  foundation-stone  of  an  extensive  breakwater  has  been  laid.  The  object 
of  the  breakwater  is  not  only  to  improve  the  navigation  of  the  river  Tees,  but  also  to 
increase  the  safety  of  the  estuary  of  that  river,  so  that  it  may  serve  as  a  harbour  of 
refuge  for  shipping  which  may  be  caught  in  the  many  gales  which  prevail  on  the  north- 
east coast.  The  work,  which  it  is  calculated  will  cost  several  hundred  thousands  of 
pounds,  will  be  performed  from  plans  by  Mr.  John  Fowler,  engineer,  under  the  auspices 
of  the  Tees  Conservancy  Commissioners,  who  have  obtained  £30,000  from  the  Public 
Works  Loan  Commissioners.  Although  the  foundation-stone  of  the  breakwater  was  not 
laid  until  very  recently,  the  work  of  the  breakwater  itself  was  commenced  more  than  a 
go.  Many  thousands  of  tons  of  "  sla?,"  or  refuse,  from  the  ironworks  of  the  dis- 
trict have  been  deposited  on  the  line  of  the  intended  pier,  the  "slag"  wall  now  stretching 
a  mile  or  so  across  the  beach  from  the  water  line,  a  mile  west  of  Redcar  towards  the  sea. 
The  "  slag,"  it  is  said,  has  been  obtained  at  the  nominal  cost  of  "d.  per  ton. 

The  Loxdox  Coal  Tradi:.— For  the  month  ending  the  31st  of  October  last,  503,205 
tous  1  cwt.  of  coal  and  coke  were  entered  in  the  port  of  London,  against  438,301  tons 
10  cwt.  for  the  corresponding  month  of  1862,  showing  the  larire  increase  of  01,903  tons  < 
cwt.  Of  this  quantity  192,859  tons  1 1  cwt.  came  by  railway, — viz.,  Great  Northern,  74,199 
tons  8  cwt. ;  London  ami  North-Western,  72,7fs  tons  1  cwt. ;  Great  Eastern,  22.5S3  tons 
Scwt. ;  Great  Western,  10,733  tons;  Midland.  8596  tons  13  cwt.;  South-Western,  3251 
tons  7 cwt ;  Chatham  and  Dover,  631  tons  17  cwt. ;  and  Tilbury  and  Southend,  53  tons. 
dp  to  the  Slsl  Octob  r  for  this  year  the  quantity  by  railwayhas  been  1,430,013  tons 
12  cwt.  against  1,186,450  tonsl7cwt.,  so  that  243,592  ton-  15 cwt.  more  coal  has  been  re- 
ceived atLondon  this  year  than  in  the  first  10  months  of  1^0'2.  The  canal  receipts  have 
been  631  tuns  10 cwt.,  against  1190  tons  15  cwt.  for  October,  lSt>2,  and  this  year  this  par- 
ticular traffic  has  declined  8101  tons  15  cwt.,  as  against  10,300  tons  up  to  October  31st, 
isr,2.  or  a  decline  of  2098  tons  5  cwt.  The  seaborne  coal  reaches  309,614  tons,  being  a 
slight  advance  upon  the  tonnage  of  October  last  year,  when  302,845  tons  were  entered. 
The  quantity  from  N'ewcastle-upou-Tyne  was  118,095  tons;  Seaham,  17,107  tons;  Sondcr- 
land,  97,318  tons ;  Middlesborough,  6831  tons;  Hartlepool  and  West  Hartlepool,  53,033 
tons;  lilyth,  1519  tons;  from  Wales,  6216  tons;  from  Yorkshire,  3115  tons;  from  Scot- 
land, 1151  tons;  and  from  l>uff.  317  tons.  Small  coal,  2727  tons,  and  1535  tons  of  cinders. 
Comparing  the  present  year  with  the  last,  the  seaborne  coal  has  declined  considerably, 
for  whilst,  in  the  first  10  months  of  lsii2,  2,770,459  tons  of  coal  eame  to  hand  in  8640 
ships,  this  year  it  has  been  2,692,903  tous  in  7963  ships,  or  a  diminution  of  576  ships  and 
77,651  I 

Govki:n-",ii:nt  I'.mi  i:imknts  with  Steam  Coal.— In  consequence  of  the  repeated  appli- 
cations madehy  the  North  country  proprietors,  a  scries  of  experiments,  extending  over 
five  weeks,  have  been  concluded  at  the  Devonport  dockyard.  The  Admiralty  were  in- 
duced to  make  these  experiments  in  consequence  of  the  assertion  of  the  North  country 
owners  that  a  judicious  mixture  of  the  North  country  or  Hartley  coal  with  the  South 
Wales  steam  coal  was  tar  superior  for  the  purposes  of  steam  than  cither  taken  separately. 
The  South  Wales  proprietors,  feeling  the  importance  of  the  issue,  appointed  Mr.  Tom- 
Unson,  locomotive  engineer  to  the  Tall'  Tale  Railway,  as  their  representative;  and,  al- 


\delphi,  London,  W.C."  and  be  forwarded,  at  early  though  some  time  must  elapse  before  the  official  report  is  printed,  it  may  be  stated  that 
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itpottiblt,  to  the  Editor. 


Steam    lUwwrt. — He 


MISCELLANEOUS. 
trbutt, 


irkahire,   have 

il  Ij  finished  a  ,  i  od  the 

standards,  which  ore  on  the  hollow  box  principle,  are  20ft.  wide  ■  18ft.  high,  so 

ir  the  men  to  work  under.    The  hammer  itself  weighs  nearly  7o 

tons;  the  anvil,  block,  and  bed  plate,  Uthoogh  it  is  made  mi  UieNasmyth 

principle,  it  has  a  I  ridth  and  height  be- 


the  results  will  show  that  in  no  way  has  the  superiority  of  the  Welsh  coal  been  affected, 
but,  on  the  contrary,  none  of  the  mixtures  experimented  apqp  came  up  to  the  generating 
powers  of  the  Welsh  coal  taken  alone.  This  must  be  a  gratifying  result  to  the  South 
Wales  owners,  who.  in  addition  to  the  navy,  have  been  supplying  for  some  time  past 
large  private  Steamship  companies— each  as  the  Royal  -Mail,  1'eninsular  and  Oriental,  and 
Canard  lines,  which  fad  may  be  taken  as  presumptive  evidence  of  the  superiority  of  the 
Welsh  coal,  as  these  companies  have  every  inducement  to  purchase  the  best  article  in  the 

market.     It  i<  probable  that  when  the  official  report  of  these  trials  is  published  the  . 
tion  of  Welsh  r.  North  country  steam  coal  will  be  permanently  settled, 
'ft  tituNis  05  a  small  Scale  for  Domestic  am)  Tkadk  Cse.—  In  a  house  at  Man- 
.  a  watcr-wdicel  4ft.  in  dia  imtng  fifteen  gallons  of  high-pressure  water 


.   th(.   twi)   .  pcrmimit?,  formerly  employed  to  work  the  bellows  of  an  organ  in  the i  drawing-room  over 

ol  which  they  were  brought   together  and    the  cellar  wherein  the  water  power  was  produced,  has  been  replaced  by  Mr.  Schlele,  with 
bolted  up  ti  tad  of  a  rectangular  top,  I  a  turo'ne  only  I  [in.  in  diameter,  with  a  Sin.  case  I}in.  wide,  supplied  by  a    in.  pipe,  and 

a  round  tup  used;  .  nagallonol  water  per  minute     Bye  simple  regulator  th •ganist 

Ills  instrument  with tthe  required  wind  by  Blmply  giving  a  turn  to  a  handle 
near  the  organ.    By  availing  themselves  ol  the  ample  supplj  of  high-pressure  water  in 

Btrmi  o   Con 


iwns,  "all  persons  using  machines  requiring  a  small  amount  of 

:  Ineamonnl  o  ...  ,„  havesupplied  to  them  By  this  invei u  the  means  of  working 

their  machines  with  no  trouble  and  at  a  tritim.'  cost,  while  at  ti,,.  >ame  time  this  kind  or 
turbine  appears  to  b  ■  equally  well  adapted  for  turning  large  mills  and  works,  even  when 
they  require  several  hundreds  of  horse,'  power." 
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'I'm:  Mim  i  tars  from  the  accounts  for  the  financial  year  ending  April 

I,  that  the  sun  was  disbursed  during  thai  17,744  in  reference  to 

, 'en:  on  the  failure  of  the  out-fall  sluice.     \  It  ikage  and    ol Ilsturb 

at  the  syphon  clam  and  works  have  lately  occurred,  and  Mr.  T.  E.  Harrison,  C.E.,  came 
down  for  the  purpa  .  an  examination  with  Mr.  I. mm.  the  resident  engineer. 

Mr.  i.  inn  baf  glvi  a  directions  to  have  some  puddle  prepared,  and  the  men  employed  will 
open  ot  b,ej  can  the  course  ol  the  water,  and  will  then  till  the  ■■  tcavated  space 

in  with  puddle.    It  :   tm  the  accounts  thai  In  the  comi  laneial 

op  on  loan  was  C71.000,  the  bon  led  debt 
thus  Increased  to  £461,000.    Tbo  amount  paid  for  Interest  was   I  am  re- 

■  891,  while  the  othct  ordlnan   ■  i  were 

E820,  ■  000,  contracted  In  I  n  paid  off. 
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for  the  purpose  of  a  high-level  street  commencing  on  Holborn-hill,  near  Ely-court,  passing 
Hatton-garden,  Ely-rents,  Ely-place,  and  terminating  in  Skinner-street,  near  the  Old 
Bailey.  The  following  improvements  are  specified  in  connection  with  the  scheme:— A 
new  street,  commencing  near  the  conjunction  of  Hatton-garden  with  Holborn-hill,  and 
terminating  in  Farringdon-road,  near  West-street;  a  new  street,  commencing  near  St. 
Sepulchre's  Church,  Skinner-street,  and  terminating  in  Farringdon-road,  about  50  yards 
to  the  north  of  Snow-hill ;  a  new  street,  commenced  by  a  junction  with  Shoe-lane,  near 
St.  Andrew's  Church,  passing  under  the  viaduct,  and  terminating  in  the  intended  new 
street,  at  a  point  about  about  45  yards  west  of  its  intended  junction  with  Parringdon- 
road  ;  a  widening  on  the  western  side  of  Parringdon-road,  commencing  near  Newcastle- 
steeet  and  terminating  about  230ft.  north  of  New  Charles-street;  power  to  alter  and  im- 
prove the  levels  of  the  western  approach  to  the  Metropolitan  Meat  and  Poultry  Market 
in  Smithfield;  to  widen  the  western  end  and  northern  side  of  Newgate-street,  commencing 
at  the  corner  of  Giltspur-street,  and  terminating  at  and  including  No.  105,  Newgate-street ; 
and  to  widen  King-street,  commencing  near  its  junction  with  Snow-hill.  Powers  are  also 
sought  to  charge  the  expenses  of  the  works  to  be  authorised  upon  the  duty  referred  to  in 
the  2nd  section  of  the  London  Coal  and  Wine  Duties  Continuance  Act,  1863,  to  authorise 
the  appropriation  to  that  purpose  of  any  monies  arising  from  that  duty,  and  to  authorise 
the  corporation  to  raise  money  on  mortgage  or  annuity,  and  to  apply  for  the  above  purposes 
any  monies  under  their  control. 

NAVAL  ENGINEERING. 

Trial  op  the  Screw  Launch  "  Experiment." — The  official  trial  of  this  little  craft, 
which  has  been  fitted  by  the  steam  factory  department  of  Portsmouth  dockyard  expressly, 
by  order  of  the  Admiralty,  in  order  to  obtain  certain  data  relative  to  the  merits  of  the 
double  or  twin  screw  system,  has  taken  place.  The  Experiment  is  a  first-class  line-of- 
battle  ship's  launch,  42ft.  in  length,  and  of  proportionate  breadth  and  depth.  Her  engines 
and  boilers  have  been  made  for  her  according  to  the  designs  of  Mr.  Andrew  Murray,  the 
engineer  of  Portsmouth  dockyard,  and  are  models  of  workmanship  and  compactness  of 
form.  Boiler  and  engines  occupy  a  space  in  the  centre  of  the  boat  of  only  6ft.  llin.  by 
4ft.  4in.,  the  nominal  horse-power  of  the  engines  being  3,  the  length  of  the  stroke  of 
piston  6in.,  and  the  diameter  of  cylinder  4in.  The  total  weight  of  engines  and  boilers, 
with  platform,  coal-boxes,  &c,  and  with  boilers  fitted,  is  2-J  tons.  The  cylinders  are 
brought  on  to  each  side  of  the  boiler  and  drive  their  independent  shafting  through  each 
quarter  with  screws  attached  to  the  latter  of  four  blades,  each  screw  having  a  diameter 
of  2ft.,  and  a  pitch  of  3ft.  4-J-in.  The  draught  of  water  of  the  launch,  at  the  commence- 
ment of  the  trial,  was  2ft.  6in.  aft.,  and  lft.  9m.  forward.  The  following  was  the  result 
of  the  trial : — 

Time.  Pressure  of  Steam.    Eev.  of 

m.    s.  Knots.  lbs.  Engines. 

First  run 8      3    7'453     55  to  50    290 

Second  run 10    57    5"479     55  to  50    280 

Third  run 7    15    8'275     60  to  55     200 

Fourthrun 11    28     5'232     60  to  55     280 

Fifth  run 7    19     8-200     60  to  58     290 

Sixthrun 11    10     5'373     59  to  55    280 

Mean  speed  of  the  six  runs,  6742  knots. 
The  revolutions  of  the  engines  averaged  290  at  601b.  pressure  of  steam,  and  with  that 
pressure  the  Experiment  will  realise  a  good  seven  knots.  On  this  oscasion,  from  a  cause 
which  can  be  easily  remedied  in  future,  the  steam,  as  will  be  seen  by  the  foregoing 
figures,  could  not  be  kept  at  601b.,  and  consequently  the  vessel  lost  speed.  On  the  con- 
clusion of  the  speed  trials  the  vessel  was  next  tested  in  making  circles  as  follows  : — With 
both  engines  going  ahead  at  full  speed,  with  the  rudder  acting,  a  complete  circle  was  made  to 
starboard  in  lmin.  9sec,  and  to  port  in  lmin.  13sec.  The  circle  was  next  made  with  one 
engine  shut  oft',  and  with  the  port  engine  standing  (the  helm  still  being  brought  into  use)  a 
circle  was  made  in  lmin.  31sec,  and  with  the  starboard  engine  shut  off  in  lmin.  27sec.  Be- 
versing  the  motion  of  the  respective  engines,  and  with  the  starboard  engine  going  ahead 
and  the  port  astern,  the  circle  was  made  in  2min.  9sec.  Repeating  this  experiment,  but  with 
the  starboard  engine  astern  and  port  ahead,  the  circle  was  made  in  lmin.  43sec.  The 
diameter  of  the  circles  made,  as  near  as  couldbe  ascertained  without  actual  measurement, 
was,  with  both  engines  going  ahead  and  rudder  acting,  rather  under  three  times  the  length 
of  the  launch ;  with  one  engine  shut  off,  rather  over  that  distance;  with  engines  reversed, 
and  screws,  therefore,  working  opposite  ways,  the  launch  turned  on  a  pivot  just  abaft  her 
centre,  and  within  her  own  length,  gradually  working  spirally  and  astern.  The  screw 
launch  Experiment,  made  her  second  official  trial,  on  the  7th  ult.  On  reaching  the 
Measured  mile  in  Stoke's-bay  four  runs  were  made,  with  both  propellers  working,  with 
the  following  results : — 1st  "run,  6'394  knots,  steam  pressure,  601bs. ;  2nd,  7114  knots, 
steam  pressure,  621hs. ;  3rd,  6'42S  knots,  steam  pressure  621bs. ;  4th,  7'12S  knots,  steam 
pressure  621bs.  The  mean  speed  of  the  four  runs  was  6780  knots.  The  evolutions 
of  the  engines  ranged  from  302  to  304.  Two  runs  were  next  made  with  one  propeller  (the 
port)  only  working,  the  results  being  : — 1st  run,  4-551  knots,  steam  pressure  601bs. ;  2nd, 
4'675  knots,  steam  pressure  601bs.  The  mean  speed  was  4'613  knots;  the  revolutions  of 
the  engines  ranged  from  320  to  360.  These  results  being  found  sufficiently  conclusive  as 
to  the  boat's  speed,  using  both  or  only  one  propeller,  she  was  next  tested  in  making 
circles,  which  was  completed  as  follows: — With  both  propellers  going  ahead — Half  circle 
to  starboard,  35sec. ;  to  port,  32sec;  full  circle  to  starboard,  lmin.  8sec. ;  to  port,  lmin. 
8see.  The  diameter  of  the  circle  was  nearly  three  times  the  boat's  length.  With  one 
propeller  driving  ahead  and  the  other  astern,  the  following  results  were  obtained,  the 
boat,  as  will  be  anticipated  from  previous  trials  with  twin  screw  vessels  when  driving 
their  screws  in  opposite  directions,  revolving  after  the  fashion  of  a  turntable,  but  with 
a  spiral  motion  astern :— -Half  circle,  to  starboard,  35sec.;  to  port,  32sec;  full  circle,  to 
starboard,  lmin.  57sec. ;  to  port,  lmin.  37sec. 

"The  Caledonia."— This  armour-plated  ship  is  of  the  same  class  as  the  Boi/al  Oak, 
the  only  difference  being  that  the  enghies  of  the  Caledonia  are  of  200-horse  power  more 
than  those  of  the  Royal  Oak,  and  the  build  of  the  Caledonia  is  of  much  greater  strength. 
The  backing!  of  the  armour-plates  of  the  Caledonia  is  composed  of  8in.  of  teak  planking, 
which  also  forms  the  external  planking  of  the  ship.  The  backing  is  firmly  bolted  to  the 
usual  frame  timber  12-|in.  square,  near  the  ports,  and  is  co^osed  of  English  oak.  The 
clamps,  or  internal  planking  of  the  ship,  are  also  of  teak  8in.  thick.  Great  care  has  been 
taken  in  the  Caledonia  to  give  unusual  strength  to  the  fabric.  Among  others  may_  be 
enumerated  the  diagonal  iron  riders,  which  are  placed  on  the  outside  of  the  frame  tim- 
bers instead  of  on  the  inside,  the  better  to  resist  the  impact  of  shot  on  the  armour.  The 
space  between  the  shelf  pieces  and  water  ways,  generally  a  source  of  weakness,  has  been 
filled  in  solidly,  and  secured  to  the  beams  and  frame  timbers.  Great  additional  strength 
has  also  been  given  to  the  ship  ;hy  means  of  an  iron  deck  secured  to  the  beams  of  the 
upper  deck,  underneath  the  usual  wood  deck  of  4in.  thick.  The  main  deck  beams  are  of 
oak,  164in.  square,  with  deck  planks  of  Dantsic  oak  4Jm.  in  thickness.  The  upper  deck 
beams  are  of  the  Butterly  Company's  best  iron.  The  port-lids  are  of  iron  secured  with 
wrought  iron  hinges  and  bars  with  screw  bolts  and  nuts.  The  ship  is  to  be  rigged  with 
three  masts,  the  lower  masts  to  be  of  iron  ;  the  foremast  77ft.  above  the  deck,  and  3iin. 
in  diameter;  the  foretopmost  78ft.  in  length,  and  18in.  in  diameter.  The  fore  and  main 
yards  are  91ft.  long  and  22in.  in  diameter,  and  the  other  masts  and  yards  in  proportion. 
She  will  be  fitted  with  double  topsail  yards,  together  with  the  usual  topgallant  yards. 
The  boats  of  the  Caledonia  will  be  armed  with  the  usual  Armstrong  20-pounders.  They 
will  consist  of  two  launches,  each  42ft.  in  length;  one  gig,  30ft.;  one  jolly  boat,  16ft.; 


and  one  dingy,  14ft.  long.  The  armour  plates,  which  have  proved  to  be  of  excellent 
quality,  were  supplied  by  three  different  manufactories,  and  at  various  rates,  from  £30  to 
£40  per  ton,  some  of  the  plates  being  hammered  and  others  rolled.  Messrs.  Brown  and 
Co.,  of  the  Atlas  Works,  Sheffield,  and  Messrs.  Beale,  of  Rotherham,  were  the  manufac- 
turers of  the  hammered  plates.  The  Caledonia  has  been  fitted  with  two  towers  on  her 
upper  deck  for  the  officer  of  the  watch  and  the  captain  and  master  to  stand  in  during  the 
time  of  action.  These  are  considered  to  be  preferable  to  the  single  tower  with  which  the 
Warrior  was  supplied,  as  they  are  clear  of  the  masts  and  funnels,  which  obstruct  the 
view  from  the  single  tower.  These  towers  are  to  be  plated  with  iron  casing  4iin.  thick, 
and  are  accessible  through  a  scuttle  from  the  main  deck.  To  prevent  the  oxydation  of 
the  lower  tier  of  armour-plates  from  the  galvanic  action  of  Muntz's  metal  two  strakes  of 
teak  wood  lining  have  been  fitted,  so  that  the  lower.edge  of  the  plates  is  nearly  2ft.  from 
the  upper  edge  of  the  metal. 

The  "Lord  Warden"  Iron-clad  Wooden  Frigate. — The  following  will  be  the  di- 
mensions of  the  armour-plated  wooden  frigate  Lord  Warden,  the  preparations  for  build- 
ing which  have  been  commenced  beneath  No.  7  shed  at  Chatham  dockyard,  where  she  is 
to  be  constructed: — Length  between  the  perpendiculars,  280ft. ;  length  of  keel  for  tonnage, 
233ft.  llin. ;  extreme  breadth,  59ft.  9in;  breadth  for  tonnage,  58ft.  2in. ;  depth  of  hold' 
20ft.  9in.  Unlike  the  other  vessels  of  her  class  hitherto  built,  the  Lord  Warden  will  be 
provided  with  the  same  thickness  of  armour-plating  throughout,  snd  the  principle  of  fur- 
nishing our  vessels  of  war  with  guns  at  the  bow  as  well  as  at  the  broadsides  will  be  prac- 
tically recognised  for  the  first  time  by  the  Admiralty  by  the  construction  of  a  bow  battery 
at  the  fore  part  of  the  Lord  Warden.  The  stem  will  project  some  8ft.  or  9ft.  below  the 
water,  which  will  render  the  Lord  Warden  more  formidable  as  a  ram  than  any  of  the  existing 
iron  and  iron-clad  war  ships.  It  does  not  appear  to  be  finally  settled  whether  the  twin- 
screw  principle  is  to  adopted  in  the  Lord  Warden,  or  whether  she  will  be  constructed 
to  carry  merely  the  ordinary  single  screw,  though',  from  the  marked  success  which  has 
attended  the  introduction  of  the  double  screw  in  those  ships  in  which  it  has  been  tried 
it  is  probable  that  the  Lord  Warden  will  be  constructed  to  carry  two  independent  screw 
propellers,  both  working  by  means  of  separate  engines.  The  sheds  adjoining  that  under 
which  the  Lord  Warden  is  to  be  laid  down  are  being  fitted  with  overhead  tramways  to 
facilitate  the  removal  of  the  timber  and  iron  plates. 

Variations  op  the  Compass.— A  French  paper  publishes  a  letter  on  the  deviations  to 
which  the  needle  is  liable  in  consequence  of  the  substitution  of  iron  for  wood  in  ships. 
One  of  the  latest  contrivances  for  diminishing  this  serious  inconvenience  is  the  correct- 
ing compass,  which  affords  the  means  of  taking  the  sun's  position,  whereby  the  deviation 
may  be  corrected.  It  has  sometimes  been  supposed  that  fogs  and  certain  other  states  of 
the  atmosphere  could  influence  the  needle;  but  this  has  not  been  borne  out  by  observa- 
tion. Lightning  alone  exercises  a  decided  influence  on  the  needle  by  reversing  its  points 
so  that  north  becomes  south,  and  conversely.  When  a  vessel  is  nearing  land,  the  needle 
is  said  to  be  affected ;  and  certain  rocks  there  are  that  exercise  a  decided  magnetic  influ- 
ence on  the  compass,  volcanic  rocks  especially,  but  this  influence  is  not  felt  on  board- 
ships.  But  the  action  of  the  iron  forming  the  ship's  sides  is  far  different ;  nothing,  not 
even  the  interposition  of  a  thick  non-magnetic  body,  will  stop  its  influence ;  far  less,  as 
some  have  believed,  a  copper  coating  or  thick  paint.  But  the  real  danger  proceeds  from 
another  source,  since  the  ship  herself,  under  her  weight  of  cauvas,  may  increase  the  devia- 
tion of  the  needle.  From  experiments  made  on  board  an  iron-built  sailing  vessel,  pro- 
vided with  iron  riggin  g  and  lower  yards  of  steel,  and  with  two  binnacle  compasses  on 
her  poops,  and  a  third  Iplaced  between  the  mizen  and  mainmasts,  the  lower  part  of 
which  was  all  of  iron,  the  deviation  of  the  needle  were  respectively  56  deg.,  24  deg., 
and  35  deg.  Without  entering  into  further  details  on  this  matter,  the  writer  of  the* 
article  concludes  with  condemning  the  imprudence  of  those  who  freight  au  iron  vessel 
before  she  has  been  at  sea  for  a  considerable  time,  in  order  to  ascertain  how  her  compass 
behaves.  Moreover,  a  captain  undertaking  the  command  of  an  iron  ship  should  be  called 
upon  to  show  that  he  has  previously  been  on  board  such  a  vessel  on  a  long-  voyage,  so 
that  he  may  know  how  to  deal  with  the  deviation  observable  on  board  the  vessel  to  be 
commanded. 

Warren's  "Impregnable  and  Unsinkable  Floating  Casemate  Battery,"  &c. — 
Mr.  William  AV.  Warren  proposes  a  system  of  construction  for  an  "  impregnable  and  un- 
sinkable  floating  casemated  battery,  submarine  gun  and  armour  plating  adapted  for  sta- 
tionary batteries,  and  for  convoying  troopships,"  &c.  In  an  abridged,  but  still  a  leng- 
thened description,  he  says  : — "  I  prefer  constructing  the  centre  portion  of  the  vessel  of 
rolled  wrought-iron  double-flanged  vertical  ribs,  from  12in.  to  18in.  wide,  and  from  2in. 
to  4in.  thick,  firmly  rivetted  and  bolted  together,  or  of  angle  or  T  iron, — solidity  and  stiff- 
ness being  the  great  object, — on  which  are  placed  the  various  layers  of  malleable  metals, 
taking  care  to  stop  all  chemical  or  galvanic  action,  by  means  of  bituminous  composition, 
mixed  with  hair ;  and  were  it  not  for  the  cost  I  would  prefer  using  the  finest  copper-plat- 
ing only  over  the  iron,  so  as  to  act  on  the  principle  of  a  gradual  tenacity  of  resistance, 
thereby  easing  and  stopping  the  momentum,  and  distributing  the  shock,  and  thus  prepare 
the  iron-plating  to  finally  resist,  without  splitting  or  destroying  the  plate ;  or  the  roof- 
deck  and  sides  of  centre  position  of  battery  can  be  protected  with  oak,  or  other  wood, 
compressed  in  short  lengths,  and  confined,  the  cross-grain  of  wood  being  opposed  to  the 
action  of  fire."  Mr.  Warren's  invention  has  been  presented  to  the  Admiralty,  and  he  has 
permission  to  erect  a  target  at  Shoeburyness  on  his  compressed  wood  cross-grain  princi- 
ple; but  the  cost,  which  is  £5000,  prevents  him. 

Double-bottom  Ships  op  the  Boyal  Navy'. — The  iron  war  frigate  Bellerophmi,  re- 
cently commenced  at  Chatham  Dockyard,  will  be  constructed  on  what  is  termed  the 
double-bottom  principle.  Throughout  the  central  portion,  in  winch  the  engines,  boilers, 
magazines,  &c,  are  placed,  the  bottom  will  be  double,  the  inner  and  outer  bottoms,  or 
hulls,  being  placed  from  3  to  4ft.  apart,  in  order  that  there  may  be  ample  space  between 
for  cleaning  and  painting.  As  this  space,  between  the  two  bottoms,  will  not  be  required 
for  use,  it  will  be  divided  into  numerous  water-tight  compartments  iu  the  usual  manner, 
and  will,  consequently,  form  a  series  of  buoyant  cells,  any  one  or  more  of  which  may  be 
injured  without  the  sea  being  admitted  to  the  others  or  to  the  ship.  Beyond  the  central 
portion  of  the  ship,  at  either  end,  Mr.  Lungley's  principle  will  be  introduced,  the  lower 
deck  being  used  as  an  interior  bottom,  and  the  space  below  it  made  available  for  stowage 
by  means  of  iron  water-tight  trunks  rising  above  the  water  line.  It  is  this  combination 
of  water-tight  trunks  with  water-tight  decks — the  former  being  intended  as  a  means  for 
entering  below  the  latter — which  constitutes  what  is  known  as  "  Lungley's  unshakable 
principle,"  by  aid  of  which  not  only  is  the  division  ofthe  vessel  into  water  compartments 
accomplished  without  obstructing  ventilation,  but  the  vertical  trunks  themselves  form 
ventilating  apparatus.  In  addition  to  the  above  the  Bellerophonwill  be  constructed  with, 
water-tight  internal  walls,  completing  the  double  bottom,  and  thus  will,  in  fact,  be  made 
a  double  ship  from  end  to  end.  With  this  system  of  construction  the  necessity  for  in- 
ternal bulkheads  is  almost  entirely  done  away  with,  since  no  ordinary  injury  could,  in 
any  way,  jeopardise  the  safety  of  a  ship  so  built.  The  Bellerophon  is,  however,  to  be 
furnished  with  some  few  bulkheads  of  the  ordinary  kind,  but  these  will  be  so  placed  as 
not  to  interfere  with  the  free  and  ample  circulation  of  air  throughout  the  ship. 

The  "  Falcon,"  17,  screw  corvette,  made  her  official  trial  of  speed  at  Portsmonth  on 
the  loth  ult.,  under  the  superintendence  of  Captain  H.  Broadhead,  commanding  the 
reserve  at  the  port.  The  ship  drew  14ft.  9in.  of  water  forward,  and  15ft.  8in.  aft,  on 
getting  under  weigh.  The  wind  was  moderate  from  S.W.,  but  squally  at  times.  Six 
runs  were  first  made  at  the  measured  mile  with  .the  following  consecutive  results  in 
knots :— S'090,  8-651,  8-911,  8'275,  9'350,  7-610.  The  mean  speed  of  the  six  runs  was  8'652 
knots.    At  half  boiler  power  four  runs  over  the  mile  gave  5769,  5'042,  4748,  6'081.     The 
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mean  speed  of  the  four  runs  was  5148  knots.  In  testing  the  engines  to  ascertain  the 
time  in  which  they  could  be  worked,  in  obedience  to  a  transmitted  order,  they  wire 
stopped  dead  in  11  seconds  from  full  speed,  from  the  time  of  moving  the  telegraph  'handle 
on  the  bridge ;  started  ahead  in  13  seconds,  and  astern  in  nine  seconds. 

Naval  Appoixtjiio-ts.— The  following  appointments  have  taken  place  since  our  last  :— 
J.  Campbell,  supernumerary  i:i  the  Asia,  promoted  to  First-class  Assist.  Engineer.;  H.  It. 
Fabian,  Engineer,  W.  E.  Grigg,  and  G.  Anderaon,  Assist.  Engineers  to  the  Bogalitt;  P. 
W,  Sutton,  Engineer,  to  the  Indus,  as  supernumerary  ;  0.  Jones,  Chief  Engineer,  to  the 
Liverpool;  T.  H.  Punshon,  promoted  to  Chic!'  Engineer,  and  re-appointed  to  the  Chan- 
ticleer ;  0.  L.  Carlisle,  W.  Curtin,  and  C.  Head,  promoted  to  Chief  Engineers,  and  dis- 
charged to  half  pay  :  T.  M'Farlane  and  P.  Foulis,  of  the  Scout,  to  be  First-class  Assist 
Engineers;  G.  Bigbjr,  First-cla.--;  As>ist.  Engineer  to  the  Pelorut ;  J.  Slater,  of  the 
Ouracoa,  G.T.  Ludlow,  of  the  Himalaya,  ■),  Pickles  and  J.  Adams,  of  the  Asia;  J. 
Buehart,  of  the  Cumberland,  F.  T.  Russell,  of  the  Indue,  T.  M  Thompson,  of  the 
Blenheim,  for  the  Charon;  Geo.  A.  Moses,  of  the  Gegter,  and  J.  lI'Garahan,  of  the  Dec, 
promoted  to  be  First-class  Assist.  Engineers;  J.  Bell  lb),  of  the  Chill,,,,,,,-,  S.  T. 
en,  of  the  Wu,iJerer,  and  L.  P.  Lewis,  of  the  Hecate,  promoted  to  be  acting  First- 
class  Assist.   Engin   .  •-  ■  i  .  I     ly,  Chief  Engineer,  to  the  I 

J.  Rose,  A-  r,  to  the  Satellite;  J.  Caspall,  Assist   Engineer,  to  the  Strom- 

T.  M'Intosh,  Assist.   Engineer,  to  the  Aleeto;  J.  Grant,  Assist.  Engineer,  to  the 
Triton;  R.  i  -ist.  Engineer,  to  the  DoterH;  W.  E.  Shingleton,  Assist.   Engi- 

neer, to  the  /  .  Engineer,  to  the  Victory,  for  the  Sprightly; 

G.  Bain,  Assist.  Engineer,  to  thi  pcrnumerary  from  the  date  of  his  arrival  in 

England;  J.  Weir,  Engineer,  and  J.  G.  Boyd;  nd  J.  Murray,  Assist  Engineers  to  the  Wasp; 
J.  B.  Liddell,  in  the  Shearwater,  promoted  to  Acting  Engineer. 

MILITARY  ENGINEERING. 
TE9ir*G  Armour  Plates  at  Posart  9  i me  experiments  at  armour-plate- 

place  on  the  11th  ult.,  at  Portsmouth,  and  resulted  in  favour  of  the  plates  over  the  gira. 
The  plates  were  bolted  un  the  sides  of  the  Hmarel  target  ship  in  the  ordinary  manner, 
with  2-inch  bolts,  and  were  fired  at  with  the  05  ewt.  68-pounder  gun,  at  a  distance  of 
2<sj  yards.    There  were  four  plates,  comprisi  ..  plate  from  the  Thames  Iron- 

works and  Shipbuilding  Company  fbi  r;  one  l.in.  plate  from  Messrs.  John 

Brown  and  Co.,  of  the  Atlas  Works,  Sheffield,  for  the  Ocean,  and  one  5jin.  plate  from 
the  same  tirm,  a-  an  experimental  plate,  being  made  from  Arcadian  charcoal  iron  ;  One 
plate,  and  one  4Jin.  plate  from  M  nell  and  c.).,  of  the  Cyclops  Works, 

Sheffield.  Messrs.  Brown's  Arcadian  iron  plate  received  nine  shots,  one  of  which  struck 
the  right  lower  corner,  and  broke  a  piece  off  161n.  in  length  by  loin,  in  width.  There 
were  three  other  slight  era-;:-,  but  the  plate  was  not  materially  injured  except  in  its 
broken  corner,  and  where  the  I  »aa  afterwards  found  to  be  deficient.    The 

metal,  however,  with  whi  Brown  manufacture  their  own  plates  is  undoubtedly 

superior  to  the  Arcadia  •.  the  latter  being  apparently  too   hard    for   the 

manufacture  ot  'an  ass.    The  Thames  Company  s  plate  for  the 

tour,  hammere  '.,  was  the  smallest  of  the  four,  but  was  one  of  superior  manufacture 
and  metal,    i  adian  plats,  it  was  severely  damaged  on  one  of  Its 

cornel  and,    the  iron    being   there  unsupported,  necessarily    gave    way. 

Canrmell,  of  Sheffield,  were  "rolled," 
and  gained  for  their  manufacturers  .i  |  by  any  other 

on  their  first  tr:..  .  left  centre,  received  >i\ 

,  horizontally  and  2ft  loin,  vertically,    over  this 
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eluding  the  Peneneti,  built  in  England,  and  which  is  receiving  her  armament  and  being 
finished  off  at  Croustadt.  The  second  is  building  in  St.  Petersburgh,  under  contract,  by 
Messrs.  Mitchell,  of  Xeweastle.  All  her  armour-plates  are  on  the  spot,  from  Messrs. 
John  Drown  and  Co.'s  works,  and  she  should  be  ready  at  the  time  named,  and  is  to  be 
called  "  Xe  Tror.  Menya  "  (Touch  me  not).  The  third  is  building  in  St.  Petersburgh  by 
Messrs.  Semenikoff and  P.litika.  and  progresses  fast  towards  completion.  Her  armour- 
plates  are  also  supplied  by  Messrs.  John  Brown  and  Co.  The  fourth  is  building  by  the 
Marine  Department  in  tlie  new  Admiralty-yard,  and  her  armour-plates  are  also  from  the 
same  firm.  The  general  dimensions  of  these  vessels  are  as  follows : — Length  over  all, 
about  340ft.;  breadth,  53ft. ;  depth,  27ft.:  builder's  measurement,  2800  tons;  the  arma- 
ment is  not  exactly  settled,  hut  will  be  rifled  guns  of  heavy  calibre.  The  remaining  12 
vessels  are  nil  Monitors,  but  only  one  will  have  solid  armour-plates,  supplied  by  M 

and  building  by  Messrs.  Mitchell,  she  is  from Capt  Cole's  design,  and  very  nearly 
a  facsimile  of  tiie  Danish  vessel  Rolf  Krake,  built  in  this  country,  particulars  of  which 
re  lently  appeared  in  Tui.  Aktizax.  Her  length  is  175ft.  between  perpendiculars;  breadth, 
38ft ;  depth,  1  n't. ;  tonnage  (b.m.)  1250.  The  remaining  1 1  vessels  are  building  by  Messrs. 
Carr  and  Ilacpherson,  two;  Semenikoff  and  Co..  tiro;  Kondral'tzott,  two;  and  the 
Government,  Ave.  They  are  to  be  clad  with  four  and  live  one-inch  plates,  rolled  in  long 
lengths,  following  the  American  plan.  The  towers  are  to  be  of  11  one-inch  plates  bolted 
together,  although  a  question  has  just  arisen  whether  it  would  not  be  advisable  to  tap 
them  through  and  through,  and  bv  that  means  strengthen  them.  The  covering  of  these 
-  with  lin.  plates  results  partly  from  the  haste  with  which  the  resolution  to  build 
was  taken,  and  partly  from  the  want  of  machinery  in  Russia  to  roll  heavier  plates. 
Great  exertions  are  being  made  to  obtain  the  requisite  quantity  of  guns,  with  suitable 
ammunition)  for  all  the  forts,  earthworks,  and  ships.  The  large  rilled  east-steel  guns 
which  they  are  obtaining  from  Krupp,  and  which  they  will  shortly  commence  making 
themselves  in  St.  Petersburgh,  are  good,  and  the  smaller  sized  east-steel  guns  which  arc 
being  produced  rapidly  in  the  Ural,  and  also  in  PootielotV's  works  in  St.  Petersburgh,  on 

\ lkoff'8  system,  are  found  to  be  a  great  step  in  advance.    They  arc  not,  perhaps,  all 

that  could  be  desired :  yet  they  sustain  a  large  amount  of  work,  and  their  defects  seem  to 
arise  from  a  want  of  hammer  power,  which  want  will  be  shortly  supplied.  Guns  are  now 
being  produced  in  about  a  dozen  factories,  working  night  and  day.  Its  production  will 
be  solid  east-steel  guns,  from  the  six-pounder  to  the  eleven  inch  gun,  which  latter  is  to  fire 
a  5001b.  shell.  To  provide  the  necessary  shot  and  shell  for  these  guns  all  the  foundries 
around  St.  Petersburgh  have  orders  varying  from  15,000  to  50,000  each.  All  the  shot  and 
shell  from  12-pounders  upwards  are  for  rilled  guns,  flic  .-hot  are  from  2  to  2\  diameter, 
are  round-nosed,  and  are  provided  with  soft  metal  bearings  to  tit  the  grooves  of  the  guns. 
The  production  of  steel  shell  of  the  same  description  is  also  increasing  fast,  and  great 
exertions  are  being  made  to  deliver  larire  supplies.     Round  hammered  sleel  shot  are  also 

being  prepared  to  suit  the  naval  60-ponnder  gun.    One  tirm  alone  has  in  hand  30,000  of 

these.  The  land  artillery  forces  are  also  adopting  the  steel  guns  for  their  service,  and 
And  them  well  adapted  by  their  lightness.  A  gun  of  the  same  calibre  is  about  one-third 
lighter  than  a  brass  gun. 

Experiments  at  Shokbubyness.— Trial  op  the  ARMSTRONG  MoNSTBS  Qvs, — A  pre- 
liminary trial  of  sir  William  Armstrong's  monster  gun.  lately  manufactured  at  Elswick 
lor  the  War  Department,  was  made  on  the  19th  ult.,  at  Shoeburyiicss.  This  gun  weighs 
o\er  22  ton,,  and  is  mounted  on  an  ordinary  gun  carriage.  Its  length  over  all  is  16ft., 
that  of  the  bore  being  12ft.  Its  internal  diameter  b>  1.1  Mill.,  and  it  is  rilled  on  the 
"  -.hunting"  principle,  flic  grooves  are  10  in  number,  and  turn  once  in  65  calibres.  The 
thickness  of  the  walk  of  the  gun  at  the  breech  is  20'8Sln.,  the  total  diameter  at  the 
trunnions  being  Kin.  It  carries  a  conical  cast-iron  hollow. beaded  shot)  weighing  6101b., 
or  a  shell  of  ordinary  construction  weighing  6001b.,  and  capable  of  containing  a  bursting 
charge  of  no  1  -  than  nib.  of  powder.  The  charge  used  with  shot  was  701b.,  with  shell 
i.  Mb.  The  conical  cast-iron  hollow-headed  shot  first  Bred  measured  nearly  SOIn.  in 
length,  by  lr::in.  in  diameter.  The  shot  is  Bret  placed  in  a  cradle  and  lifted  to  the 
mouth  of  the  unit  by  means  of  movable  shear  legs  provided  with  blocks  and  pulleys. 
The  cradle  hinges  on  to  a  couple  ot  hooks  on  the  mouth  of  the  piece,  and  holds  the 
ponderous  shot  in  the  proper  position  tor  being  rammed  home,  'l'lie  gun  was  given  one 
degree  of  elevation.     The  first  shot  struck  the  sand  at  about   700  yards  from  the  shore. 

leaping  and  dashing  onward,  ricochetttng  live  or  si\  times,  and  Anally  burying  itself 

near  th.-  1000  yards  target.    An  attentive  examination  of  the  gun  then  proved  that  not 

injury  bail   been  sustained  by  it   in   any  part.     Two  more  shots  were  then 

fired  at  the  same  elevation,  (he  second  and  third  reports  being  apparently  rather  ic*s 
lou  I  1 1 i-i ii  lie  Bret,  The  next  three  rounds  were  tired  ai  ai,  elevation  ot  a  teg.,  after 
which  followed  three  at  .-,  deg.,  and  three  at  lo  deg,    Three  dead  shells  weighing  6001b. 

each  were  thon  fired  with  charges  of  601b.,  a  1 lb.  round  Bhol  with  a  charge  of  701b. 

completing  the  day's  experiments.    The  following  an-  the  tabulated  results : — 
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used  in  the  Armstrong,  but  appear  to  be  slightly  lonsrer.  The  "  shunt"  principle  is  not 
employed  by  Mr.  Lynall  Thomas.  To  test  the  range  and  accuracy  of  the  gun  10  rounds 
of  cast-iron  shot  were  tired  from  it  at  2  deg.  elevation,  10  at  5  deg.,  and  10  at  10  deg.,  the 
charge  being  401b.  in  every  instance.  The  initial  velocity  of  the  projectiles  was  ascer- 
tained in  the  case  of  those  fired  at  2  deg.  elevation  by  "Major  Navez's  electro-ballistic 
apparatus.  It  was  intended  to  repeat  the  experiments  with  cast-iron  shells,  but  Mr. 
Thomas  objected  to  those  upon  the  ground  as  being  too  long ;  a  similar  objection  to  the 
shot  was  also  urged  by  him  during  the  course  of  the  experiments.  He  also  stated  that 
the  ribs  were  finished  too  abruptly  at  the  spot  where  they  join  the  chamber  of  the  gun. 
The  following  table  will  show  that  both  the  velocity  and  range  of  the  shots  fired  are  very 
unequal.  This  is  accounted  for  by  Mr.  Thomas  by  the  facts  mentioned  above,  and  by  the 
powder  not  being  always  rammed  home  to  exactly  the  same  mark.  Whether  the  latter 
circumstance  has  any  weight  or  not  is  doubtful,  as  in  other  rifled  guns  the  ramming  home 
of  the  powder  to  the  same  place  within  a  few  inches  does  not  seem  to  affect  materially 
the  flight  of  the  shot.  Notes  were  taken  at  each  round  of  the  exact  depth  to  which  the 
charge  was  rammed  ;  it  will,  therefore,  be  seen  hereafter  whether  this  circumstance  has 
any  influence  on  the  projectile  or  not : — 


At  2  deg. 

At  5  deg. 

At  10  deg. 

No.  of 
round. 

Initial 
velocity. 

Range. 

No.  of 
round. 

Range. 

No.  of 
round. 

Range. 

1 
2 
3 

4 
5 
6 
7 
8 
9 
10 

1075  feet 

to 

■  1217  feet 

per 

second. 

Yds. 
948 
928 
955 

1029 
999 
958 
928 
939 
971 

1092 

11 
12 
13 
14 
15 
10 
17 
IS 
If) 
20 

Yds. 
2008 
1883 
2073 
1957 
2082 
2142 
2123 
1945 
2161 
2095 

21 

22 
23 
24 
25 
26 
27 
28 
29 
30 

Yds. 
3635 
3768 
3775 
3795 
3921 
4006 
3569 
3S63 
36S0 
3791 

The  table  shows  that  at  2  deg.  elevation  the  difference  in  the  range  is  16  4  yards ;  at  5  deg. 
278  yards ;  and  at  10  deg.,  437  yards— all  large  numbers  compared  with  those  obtained  in 
experiments  with  other  rifled  guns  at  similar  elevations.  The  difference  in  the  velocities 
is  also  large,  being  142ft.  per  second. 

English  v.  Swedish  Ikon. — Experiments  have  recently  been  made  at  the  fortress  of 
Carlberg,  in  Sweden,  upon  the  respective  merits  of  armour-plates  made  in  England, 
France,  and  Sweden.  Messrs.  John  Brown  and  Co..  of  Sheffield,  sent  two  plates,  one 
12ft.  by  2ft.  6in.,  and  one  6ft.  by  3ft.  8in.  Messrs.  Petin,  Gaudet,  and  Co.,  of  Lyons,  sent 
two  plates,  each  of  7ft.  6in.  by  3ft.  3in.  The  Montala  Ironworks  Company,  of  Sweden, 
sent  two  plates  of  12ft:  by  2ft.  6in.,  and  one  6ft.  by  3ft.  8iu.  All  the  plates  were  of  4Mn. 
thickness,  and  then  bolted  to  a  teak  target  backed  with  iron  plating,  and  supported  by  a 
massive  stone  pier.  The  two  upper  plates  in  the  target  were  the  French,  and  each  was 
secured  by  11  bolts.  The  next  plate  below  was  the  longest,  Swedish,  and  this  was  secured 
by  29  bolts.  Below  this  was  a  tier  of  two  short  plates,  one  Swedisli  and  one  English, 
secured,  like  the  Swedish,  by  29  bolts.  Each  plate  received  six  shots  from  the  ordinary 
68-pounder  naval  gun.  The  French  and  Swedish  plates  broke  to  pieces,  and  the  English 
plates  remained  uninjured  and  free  from  cracks.  The  shots  used  were  of  Swedish  iron, 
and  of  great  toughness  as  compared  with  the  shots  used  in  the  English  service — the  core 
or  centre  of  the  shot,  after  striking,  being  of  double  the  weight  of  the  core  of  the  English 
shot. 

Experiments  with  a  new  Suspension-bridge.— Some  trials  have  recently  taken 
place  on  the  Royal  Engineers'  field-works,  Chatham,  for  the  purpose  of  testing  a  new 
description  of  suspension-bridge,  for  military  purposes,  the  invention  of  Serjeant-major 
J.  Jones,  Royal  Engineers.  The  bridge  on  which  the  experiments  were  made  was  formed 
of  the  galvanised  iron  bands  with  which  the  new  description  of  iron  gabions  now  in  use 
in  the  service  are  formed.  These  bands,  which  are  about  3iu.  in  width,  and  the  thirtieth 
part  of  an  inch  in  thickness,  were  joined  together  at  the  end,  by  means  of  a  button  and 
eye ;  and,  notwithstanding  the  apparent  slenderness  of  the  material,  bore  an  enormous 
weight.  Eight  widths  of  the  iron  bands,  each  four  bands  thick,  formed  the  "  chains"  of 
the  suspension-bridge,  and  on  these  were  laid  the  chesses,  used  in  pontooning,  which 
served  as  the  floor  of  the  bridge,  the  whole  being  steadied  by  means  of  guy  ropes,  fastened 
to  stakes,  answering  to  anchors  in  a  river.  With  these  materials  a  bridge  having  the 
span  of  130ft.  was  formed  by  thirty  Sappers  and  Miners  in  six  hours.  A  battery 
of  mounted  field  artillery  was  marched  across  with  the  greatest  ease,  the  bridge 
having  only  a  very  slight  oscillation.  A  body  of  about  thirty  Royal  Engineers  were  next 
marched  across,  in  step,  and  this  was  the  greatest  strain  to  which  the  structure  could  be 
put.  Notwithstanding  this,  however,  the  only  perceptible  defect  was  the  great  oscillation 
of  the  bridge,  which  ultimately  loosened  one  of  the  guide  ropes. 

STEAM  SHIPPING. 

The  "  Win  o'  the  Wisp,"  iron  paddle  steamer,  600  tons,  and  180  horse-power,  was 
tried  on  the  7th  ult.,  on  the  Clyde.  The  builders  had  engaged  to  carry  200  tons  dead 
weight,  at  the  speed  of  17  miles  an  hour,  under  a  considerable  penalty,  the  owners  en- 
gaging to  pay  a  premium  of  the  same  amount  if  the  vessel  exceeded  that  speed.  With 
the  200  tons  dead  weight  the  vessel  accomplished  the  distance  between  the  Cloch  and 
Cumbraai  Lights  in  52  min.  11  sec.,  being  over  18  miles  an  hour.  The  Will  o'  the  Wisp 
was  designed,  built,  and  engined  by  Messrs.  W.  Simons  and  Co.,  London  Works, 
Renfrew. 

Steam  Shipbuilding  on  the  Clyde.— Messrs.  W.  Denny  and  Brothers,  of  Dum- 
barton, have  completed  a  screw  of  750  tons,  built  for  the  New  Zealand  trade.  Messrs, 
W.  Simons  and  Co.,  of  Renfrew,  have  launched  a  paddle  of  600  tons,  named  the  Will  o' 
the  Wisp,  which  took  the  water  with  her  engines  on  board ;  she  has  been  purchased  by  a 
Liverpool  firm  for  a  trade  where  speed  and  strength  are  of  the  greatest  importance. 
Messrs.  Caird  and  Co.,  of  Greenock,  have  launched  a  paddle  named  the  Lord  Clyde,  built 
fur  the  Glasgow  and  Dublin  Steam  Navigation  Company,  and  intended  to  run  as  a  con- 
sort to  the  Lord  Gough.  Messrs.  Kirkpatriek,  M'lntyre,  and  Co.,  of  Port  Glasgow,  have 
completed  the  Greyhound,  a  screw,  built  for  Mr.  R.  Little,  of  Greenock.  She  is  200ft. 
long,  23ft.  beam,  and  13ft.  depth  of  hold,  is  flush  decked,  and  is  divided  into  seven 
water-tight  compartments.  She  is  being  fitted  with  engines  by  Messrs.  Caird  and  Co., 
of  Greenock.  Messrs.  J.  and  G.  Thomson,  of  Govan,  have  launched  the  Pampero,  a  screw 
ot  about  1000  tons  register,  built  for  London  owners.  Messrs.  Tod  and  M'Grcor,  of 
Patrick,  have  launched  the  Caledonia,  a  screw  of  1360  tons,  for  Messrs.  Handyside  and 
■Hendersons  line  of  Quebec  and  Montreal  steamers.  The  Caledonia  is  being  fitted  with 
a  pair  ot  direct  acting  engines.  Messrs.  Randolph,  Elder,  and  Co.,  of  Govan,  have  com- 
pleted the  Quito,  a  paddle,  of  1400  tons,  built  for  the  Pacilie  Steam  Navigation  Company, 
ot  the  following  dimensions  .—Length  between  perpendiculars,  266ft.;  breadth  between 
paddle  boxes,  321t.  6in.;  depth  to  spar  deck,  20ft.;  ditto  to  awning  deck  28ft  The 
engines  ot  the  Quito  arc  on  Messrs.  Randolph,  Elder,  and  Co.'s  patent  double-cylinder 


surface  condensing  and  steam-superheating  principle;  they  are  the  twelfth  pair  con- 
structed by  the  firm  for  the  Pacific  Steam  Navigation  Company,  and  are  of  400  horse- 
power. As  coal  costs  from  £ 3  to  £4  per  ton  in  the  Pacific,  special  attention  has  been 
devoted  to  the  economising  of  combustible.  Messrs.  Randolph,  Elder,  and  Co.  have 
secured  an  additional  shipbuilding  yard  at  Fairfield,  in  consequence  of  their  increasing 
business.  Messrs.  Blackwood  and  Gordon  have  launched  at  Port  Glasgow  a  screw  of  offi 
tons,  named  the  Wellington,  and  intended  for  the  passenger  trade  of  the  New  Zealand 
coast  line.  The  Wellington  is  being  fitted  with  engines  of  90  horse-power.  Messrs.  J. 
and  G.  Thomson,  of  Govan,  have  launched  a  screw  of  700  tons  and  ISO  horse-power  for 
the  Tasmanian  Steam  Navigation  Company.  She  has  been  named  the  Southern  Cross. 
Messrs.  Barclay,  Curie,  and  Co.,  of  Stobeross,  have  launched  a  screw  named  the  Albatross, 
built  for  Messrs  Cowan  and  Co.,  of  Edinburgh,  and  intended  for  the  Australian  coasting 
trade.  The  Albatross,  which  will  be  fitted  with  engines  of  125-horse  power,  is  210ft.  in 
length,  27ft.  in  breadth,  and  14ft.  6in.  in  depth ;  her  burden  is  750  tons.  Mr.  T.  B.  Seath 
has  launched  a  screw  of  150  tons,  named  the  Protector,  and  now  being  fitted  with  engines 
on  Mr.  Seath's  patent  by  Messrs.  A.  Campbell  and  Son.  Messrs.  Aitken  and 
Mansell,  of  Whitewieh,  have  launched  a  paddle  of  600  tons  named  the  Arrow.  She 
is  being  fitted  with  her  machinery  at  Finnieston-quay,  by  Messrs.  J.  Aitken  and  Co., 
Cranston-bill,  and  will  shortly  leave  for  Nassau.  Messrs.  W.  Denny  and  Brothers, 
of  Dumbarton,  have  purchased  a  large  field  situated  between  the  Castle-road  and 
the  Leven,  for  the  purpose  of  converting  it  into  a  shipbuilding  yard.  The  Cunard 
Company  have  just  completed  a  contract  with  Messrs.  J.  and  J.  Thomson  for  the 
construction  of  three  large  screws,  to  be  named  respectively  the  Jam.,  the  Aleppo,  and 
the  Trinidada;  one  is  intended  for  service  on  the  Atlantic  mail  line  and  two  for  the 
Mediterranean. 

The  "  Wasp,"  screw  corvette,  974  tons  and  100  nominal  horse-power,  underwent  her 
official  trial  at  the  measured  mile  at  Stoke's  Bay,  on  the  13th  ult.  The  ship's  draught  of 
water  was  13ft.  8in.  forward,  and  14ft.  2in.  aft.,  with  an  immersion  of  the  screw's  upper 
edge  of  7in.  The  screw,  which  is  of  the  common  pattern,  with  the  leading  corners  cut, 
has  a  diameter  of  lift.  3in.  and  a  pitch  of  14ft.  lOin.  The  mean  speed  of  the  Wasp,  with 
full  boiler  power,  was  8'176  knots,  and  with  half  boiler  power  5'765  knots,  the  indicated, 
horse-power  being  280. 

The  "  Fae  East,"  iron  screw  steamer,  has  been  launched  from  the  yard  of  Messrs.. 
Dudgeon,  at  Millwall.  The  Far  East,  in  intended  for  the  China  trade,  and  her  principal 
dimensions  are  : — Length  between  perpendiculars,  227ft.;  length  of  keel,  210ft.;  breadth 
of  beam,  34ft. ;  depth  moulded,  22ft. ;  depth  of  hold,  20ft.  6in. ;  depth  of  load  water  line, 
17ft. ;  displacement  of  hull,  2200 ;  builder's  measurement,  1270  tons.  She  is  fitted  with 
engines  of  150  horse-power  nominal,  which  drive  a  two  bladed  lifting  screw,  under  each 
quarter.  The  engines  have  annular  combined  cylinders,  the  diameter  of  the  high  pressure 
cylinder  being  24in.,  and  of  the  expansive  cylinder  50in.,  with  a  stroke  of  piston  of  2ft. 
The  screws  have  each  a  diameter  of  8ft.  2in.,  and  a  pitch  of  16ft.  The  two  boilers  have 
each  six  furnaces,  with  109  square  feet  of  fire-bar  surface,  and  a  tube  surface  of  1883ft.  The 
shafting  of  the  screws  project  through  a  wrought-iron  tube  of  great  strength,  which  is 
bolted  on  to  a  false  iron  bulkhead,  clear  altogether  of  the  ship  frame.  This  tube  at  its 
outer  end  is  connected  with  a  massive  wrought-iron  slide,  which  guides  the  screw  to  the 
well  when  being  lifted,  or  to  the  shafting  when  being  lowered.  The  ordinary  "  cheese- 
coupling,"  by  which  the  screw  is  connected  with  the  shafting,  is  superseded  in  the  shaft 
by  a  square  head  at  the  end,  which  fits  into  a  corresponding  recess  in  the  boss  of  the 
screw,  which  is  connected  by  a  thrust  block  fixed  on  a  sliding  rest.  The  screws  are  lifted 
by  a  worm  and  barrel. 

TELEGRAPHIC  ENGINEERING. 

The  Submarine  Telegraph  across  the  Bristol  Channel. — The  British  and 
Magnetic  Telegraph  Company  have  successfully  laid  a  submarine  cable  across  the 
Bristol  Channel  at  New  Passage.  This  cable,  which  contains  several  wires,  is  intended 
to  enable  the  Bristol  and  South  Wales  Union  Railway  Company  to  communicate  from 
the  Gloucestershire  to  the  Monmouthshire  shore,  and  vice  versa,  the  Telegraph  Company 
laying  down  additional  wires,  in  order  to  afford  greater  facilities  for  the  increasing  busi- 
ness requirements  between  South  Wales  and  Bristol. 

RAILWAYS. 

A  Safety  Locomotive  eor  Sharp  Curves. — Mr.  Cross,  the  engineer  of  the  St, 
Helen's  Railway,  Lancashire,  has  been  for  some  time  occupied  with  the  construction  at 
the  company's  works  of  a  new  class  of  engine,  the  result  of  which  in  practice  so  well  cor- 
responds to  sound  theory  that  it  is  likely  to  exercise  a  material  influence  on  the  structure 
of  new  railways,  by  the  substitution  of  sharp  curves  for  tunnels  in  mountain  regions,  and 
also  for  facilitating  junctions  between  lines  and  the  entrance  into  cities.  The  St.  Helen's 
line,  running  through  a  hilly  mineral  district,  is  a  remarkable  sample  of  sharp  curves  and 
gradients.  In  a  length  of  about  30  miles  it  has  a  constant  succession  of  curves,  varying 
from  500ft.  radius  down  to  170,  and  it  has  gradients  from  one  in  85  to  one  in  35,  and  it 
has,  moreover,  a  large  number  of  "points  and  crossings"  opening  into  the  various 
mineral  deposits.  This  line  has  been  usually  worked  by  short  engines  on  six  wheels  with 
four  coupled  wheels  as  drivers,  and  connected  to  separate  tenders  for  the  supply  of  fuel 
and  water,  the  length  of  the  wheel  base  of  the  engines  being  about  12ft.  Even  this 
comparatively  short  length  of  engine  was  disadvantageous  on  curves,  involving  much 
impedimental  friction ;  and  a  still  greater  disadvantage  was  that  tender  engines  are  only 
adapted  to  run  safely  with  the  tender  behind,  and  in  the  working  and  shunting  the  loss 
of  time  and  labour,  and  expense,  was  considerable.  For  this  reason  Mr.  Cross  set  about 
the  construction  of  an  engine  that  should  be  capable  of  running  freely  and  without  im- 
pedimental friction  in  a  straight  line,  and  either  end  foremost,  and  also  pass  with  free- 
rolling  movement  round  curves  of  as  sharp  a  curve  as  a  radius  of  132ft.,  or  two  chains- 
The  engine  is  on  eight  wheels,  covering  a  base  of  22ft.  in  length,  and  the  length  of  a 
solid  frame  resting  on  it  32ft.  The  four  central  wheels  have  their  axles  passing  through, 
before,  and  behind  the  engine  fire-box  as  usual,  the  axles  being  about  eight  feet  apart.  It 
is  obvious  that  so  long  an  engine  could  scarcely  pass  round  curves  at  all,  even  at  any  cost 
of  friction,  with  the  ordinary  construction  of  wheels  and  axles.  The  difficulty  is  obviated 
by  a  very  simple  process.  The  four  central  wheels  have  their  axles  rigidly  parallel  to 
each  other.  Consequently,  in  the  ordinary  mode  of  construction,  they  could  not  move  in 
a  curved  line  without  a  great  amount  of  impedimental  friction.  This  friction  is  avoided 
by  a  simple  process  of  construction.  The  wheel  tires  are  applied  on  hoop  springs  of 
elastic  steel  placed  between  the  wheel  and  tire.  On  these  springs  the  tires  can  slip  or 
revolve  without  sliding  on  the  rails,  and  thus  the  revolutions  of  the  tires  are  adjusted  to 
the  varying  length  of  the  rails  on  curves  by  self-action.  This  sliding  of  the  wheels  on  the 
tires  is  not  found  in  any  way  to  impede  the  tractive  power  o#lhe  engine,  but  the  con- 
trary. The  extreme  wheels  at  either  end  have  their  tires  applied  in  the  same  mode,  but 
another  movement  is  also  supplied — the  axles  have  very  long  bearings,  and  the  boxes  in 
which  they  run,  instead  of  being  parallel  to  the  axles,  are  formed  in  curved  lines  struck 
from  central  points,  and  are  permitted  to  move  in  this  curvature  through  the  hornplates 
and  axle-guides  beneath  the  spring  shoes.  '  The  result  of  this  is  that  the  wheels  and 
flanges  are  free  to  follow  the  course  of  the  rails  both  on  the  straight  line  and  on  curves, 
with  the  very  important  advantage  in  point  of  safety  that  the  extreme  axles  on  curves 
always  point  truly  to  the  centre  of  the  curve,  and  consequently  are  square  to  the  rails, 
even  though  the  curve  may  be  in  the  form  of  an  S,  requiring  the  axles  to  radiate  in  oppo- 
site directions.  There  is,  therefore,  no  tendency  in  the  wheels  to  escape  from  the  rails 
either  on  curves  or  straight  lines,  and,  though  adapted  to  such  small  radii,  the  great 


TnE  Aktizan-,1 
Dec.  1, 1863.    J 


Notes  and  Novelties. 


285 


length  of  the  frame  governs  and  control';  the  action  of  the  pistons  on  the  cranks,  and 
prevents  both  vertical  and  later.,  the  wheels  arc  deprived  of  their  vicious 

irregularity  by  the  removal  of  the  costly  and  dangerous  friction,  and  the  wear  of  tires  and 
rails  is  reduced  to  the  minimum. 

Cht.ap  Railways  ix  -  at  ScOTUUTD. — Sir  .1.  D.  Elphinstonc,  in  an  ?.ccount 

of  the  '.'rent  length  of  railways'  made  in  the  north  of  Scotlond  at  a  cheap  rate,  says — 
"For  the!,  rs  I  have  been  engaged  in  carrying  out  a  system  of  railw 

supply  the  wants  of  the  Aberdeen  and  BantV,  which  is  now  almost  completed. 

Ill  extend,  in  main  line  and  branches,  to  above  190  miles  or  which  180  miles 
are  open  and  in  full  operation,  completely  exhausting  the   wants  of  these  counties." 
:  Aberdeen  to  Keith,  forming  part  of  the  through 
line  from  that  city  \  miles :  it  is  double  for  seven  miles ;  from  there, 

taken  and  over  bridges  constructed  for  a  double  line,  two  Ion?  viaducts  over  the  rivers 
Don   .  .-,  expensive  town  property  in  the  vicinity  of  Aber- 

deen. I'arliamentary)  expenses,  cost  £11,000  per  mile."    There  is 

32$  miles,— two  expensive  crossings  of  the  River  Spey,  one 
of  the  large!  inly  the  wildest,  river  in  Scotland;  two  of  the   Fiddoch,  a 

very  unruly  stream ;  a  short  tunnel,  heavy  rock  cuttings,  and  other  works. —  676 
mile.    This  railway,  considering  the  works,  is  probably  the  cheapest  line  that  has  ever 
been  executed."    The  other  lines  range  from  £6500  to  £9000  a  mile.    "  The  majority  of 
the  works  on  these  lines  are  of  granite,  most  solid  and  substantial." 

City  Traffic — The  Ludgate-hill  railway  station  will  be  placed  between  Bridge-strei  i 
and  Karl-street,  lilackiriars,  and  its  carriage  approach  will  be  from  Karl-street.  The  latter 
thoroughfare  is  about  to  be  widened  by  the  Hoard  of  Works,  and  to  be  continued  in  a 
direct  course  towards  Cannon-street,  whereby  there  will  then  not  only  bean  easy  and  brief 
cut  towards  London  Bridge  and  the  eastern  part?:  of  the  City,  but  the  great  thoroughfare 
up  Ludgate-hill,  round  St.  Paul's,  and  down  Cheapside,  will  be  considerably  relieved.  The 
line  of  railway  from  Ludgate-hill  station  will  run  in  a  north-easterly  direction,  passing 
under  Skinner-street,  Snow-hill,  to  a  junction  with  the  Metropolitan  Railway  near  Charles- 
street,  Smithfield;  am!  there  will  also  be  a  spur  line  from  it,  in  a  still  more  easterly  course, 
to  meet  the  line  of  the  Metropolitan  Railway  Extension  to  I'insbury,  at  a  point  near  the 
northern  extremity  of  King-street,  Smithfield. 

EAILWAY  ACCIDENTS. 

Accidlxt  ox  thf.  Lo.vnox  avo  Xokth-W;  stbrs  Railway. — An  accident,  unattended 
with  seriou*  es,  happened  on  the  3rd  ult.,  at  Wecdon,  on  the  London  and 

Worth-Western  Railway.  As  the  goods  train  was  being  shunted  from  one  line  of  rails  to 
another  the  axle  of  one  of  the  carriages  broke.  It  then  became  impossible  to  remove 
the  carriages  quickly,  and  in  the  meantime  a  second  goods  train  arrived,  and  came  into 
collision  with  the  carriages  which  blocked  the  way. 

Accidlxt  on  tiif.  Gbeat  1.  :i  way. — On  the  night  of  the  2nd  u!t.,  a  collis- 

ion occurred  on  this  company's  line  between  the  -  Btation  at  Brick-lane  and 

the  pi  tion  al  Snoreditch.  It  appears  that  the  engine  attached  to  the  10. -ID  p.m. 

down  goods  train  had  moved  oul  of  th  •  ui>  siding  line  from  th 
distance  np  the  main  line,  when  it  sud  Lusion  with  the  last  up  pa- 

train  from  Lcughton,  due  at  I  I  at  10.45,  The  engine  of  the  Loughton 

train  was  thrown  oil' the  rails,  with  the  guard's  break  van  and  two  carriages,  all  of  which 
were  md  broken.    There  were  few  passengers  In  the  train,  but  they 

were  all  severely  shaken,  and  more  or  less  contused. 

BOILER  EXPLOSIONS. 

Me  :      »v    WOt    Till.    I'rf.VEXTIOX    OF     STFAV    IlOILL'K    K  V  PLOSIONS. — 

ie  ordinary  monthly  meeting  oi  this  association,  held  on  October  27th,   1863,  the 
chief  i  ■  it hly  report,  of  which  the  following  is  an   abstract: 

"  During  th  i  there  iiave  been  examined  800  engines  and  11  >  boilers.    Of  the 

:ned -i tally,  7 Internally,  81  thoroughly,  and  370 externally, 

in  addition  to  which  8 of  these  boilers  baa  bean  tested  by  hydraulic  pressure.  The  fol- 
lowing toond  in  the  boilers  examined;  -Fracture,  8  il  dangerous)] 

it  of  order,  8;  water  gauges  ditto,  19  (j 
■  ,ii-)  ;  feed  apparatus  ditto,  5(1  dangerous); 
blow-  ditto,  t;  furnaces  oul  ol  roue); 

over-;  o,  127  (1 1  d  Boilers 

with"  without   ;■  without  blow-out  appa- 

ratus, 13;  without  furnaces  reported  shore  as  out 

at  upon  shortness  ofwster,  the  Injury 
to  work  in   the  morning,  after 

Led  Up,  win 

cases  of  hi  ury  bal  i  single 

i.  while  all  the  boil  n 
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was  fitted  with  a  ft  the  crowns  of  which  came  down  i  the 

and;  while  the  third  *  is  till  J  with  a  fusible  plug  in  Ui  :  re  box,  and  ' 

.••injured.    But  In  neither  case  did  the  fusible  metal  m 

hleh  the  water  supply  may  run  short  In  a 
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seated  upon  a  circular  kerb  of  brickwork.  Eaeh  of  the  boilers  was  fitted  with  a  single 
safety  valve,  of  rather  a  rough  description,  while  it  was  stated  that  the  working  pressure 
had  not  exceeded  Jib.,  but  that  the  exploded  boiler,  which  was  twenty  years  old,  had 
already  been  repaired  several  times.  Immediately  over  the  brickwork  seating,  the  plates 
for  some  distance  round  the  boiler  had  been  seriously  affected  by  external  corrosion,  and 
reduced  in  places  to  one-eighth  of  an  inch  in  thickness.  It  was  from  this  cause  that  the 
rent  occurred,  the  rent  running  tdruumferentially  for  a  distance  often  or  twelve  feet, 
parallel  with  the  seating,  and  for  the  most  part  through  the  body  of  the  plate.  A  portion 
of  the  bottom  was  blown  down  into  the  ashpit,  where  it  remained,  the  rest  of  the  shell 
flying  to  a  distance  of  about  7i'ft.  across  a  public  road  adjoining,  and  carrying  away  a 
portion  of  tiie  boiler  shed  in  its  flight.  The  engineer,  as  well  as  another  man  lying  near 
to  the  boiler  at  the  time,  were  both  scalded,  the  latter  dying  shortly  after  inconsequence. 
No.  35  explosion,  from  which  one  person  was  killed,  arose  from  the  collapse  of  the  in- 
ternal flue  of  a  plain  Cornish  boiler,  which  was  not  under  the  inspection  of  this  A 
tion.  The  diameter  of  the  shell  was  about  5ft.  Bin.,  that  of  the  flue  3ft,  the  length  of 
both  2-sft.,  the  thickness  of  the  plates  generally  three-eighths  of  an  inch,  but  in  the  Hues 
barely  as  much,  while  the  steam' pressure  was  451b.  per  square  inch.    The  collapse  had 

;cd  from  one  end  of  the  flue  to  the  other,  the  portion  over  the  fire  being  the  least 

1,  while  the  remainder  behind  the   bridge  was  completely  flattened  down.     The 

boiler  had  not,  however,  stirred  from  its  seat,  or  broken  a  steam   pipe  joint,  and  all  that 

eeded  to  resume  work  with  the  other  two  boilers,  to  which  this  was  connected,  was 
to  close  the  junction  valve.    A  rupture  in  an  extcrnally-tirod  boiler  would  have  led  to  the 

: .'ion  of  the  whole  scries.  The  cause  of  the  explosion  in  question  was,  viz.,  weak- 
ness of  the  flue.  No  flue  of  such  dimensions  as  those  just  given  can  be  safely  worked 
with  steam  of  a  pressure  of -toll),  on  the  square  inch,  unless  strengthened  either  with 
hoops  or  flanged  scams,  or  stayed  in  some  other  suitable  manner.  It  may  be  true,  how- 
ever, that  some  such  flues,  though  unstayed,  are  working,  and  have  done  so  for  years 
with  steam  of  an  equal  or  even  a  greater  pressure  than  the  above;  still  they  are  con- 
tinuing  to  do  so  only  at  a  risk,  and  their  past  immunity  from  collapse  is  no  security 
■gainst  its  occurrence  in  the  future.  Some  Hues  gradually  work  themselves  out  of  the 
circular  shape,  and  thus  become  considerably  weakened;  while  all  should  be  placed 
beyond  the  suspicion  of  danger,  especially  as  this  can  be  done  at  so  trilling  an  expense. 
Xo.  37  explosion  occurred  to  a  Cornish  boiler  with  a  single  flue,  internally  tired,  and  not 
under  the  inspection  of  this  Association.  Xo  one  was  injured,  the  explosion  occurring 
during  the  dinner  hour,  when  the  men  usually  working  near  it  were  all  absent.  The 
boiler  was  set  on  two  side  walls.  It  was  23ft .'long:  its  diameter  in  the  shell  was  6ft. ; 
and  in  the  furnace  3ft.  Oin.,  which  was  reduced  behind  the  fire  bridge  ;  while  the  thiek- 

i  the  plates  was  seven-sixteenths  of  an  inch.  The  cause  of  the  explosion  was  ex- 
ternal corrosion,  the  plates  having  been  so  eaten  away  as  to  be  reduced  to  one-sixteenth 
of  an  inch  in  thickness.  Two  complete  belts,  the  entire  circumference  of  the  boiler,  and  a 
plate  wide,  had  severed  themselves  from  it ;  while  a  third,  which  had  rent  in  a  somewhat 
spiral  direction,  and  considerablv  overlapped  a  single  circumference,  lav  opened  out,  and 
still  attached  to  the  shell. 

\\  Am- itoxoMF.it  ox  lioiLKii  Expi.osioxs,  &0.— We  quote  the  following  from  a  recent 
number  of  the  Scientific  American: — A  somewhat  confused  account  is  given  of  some 
experiments  made  with  a  boiler,  and  conclusions  are  drawn  as  to  the  comparative  de- 
-truetive  powers  of  water  heated  under  a  pressure  of  601b.  to  the  inch,  and  gunpowder. 
I'lie  conclusions  are  entirely  irrelevant  to  the  question  of  boiler  explosion-,  for  the  de- 
structive effect  of  an  expansive  agent  is  in  proportion  to  the  suddenness  of  its  action  as 
w.'l  ta  its  ex)  an.:iLihty  and  y;t  n  i  ;i  parti;  1.  cf  infinnati.n  is  given  cy  the  Astronomer 
Royal  as  to  the  time  occupied  by  the  heated  water  in  giving  oil'  its  vapour  so  as  to  com- 
II  with  the  instantaneous  expansive  action  of  ignited  gunpowder.  We  can  take  the 
same  materials  of  which  a  charge  of  gunpowder  is  made,  and  by  simply  altering  their 
form  into  coarse  or  fine  grain,  a  gun  may  be  shattered  to  pieces  by  instantaneous  ignition 
of  the  charge,  or  tired  without  danger,  owing  to  the  slower  ignition  of  the  charge.  Aud 
the  same  law  holds  equally  good  in  the  case  of  heated  water  generating  steam.  The 
evaporation  of  heated  water  into  steam,  when  relieved  of  pressure,  goes  on  very  slowly 
compared  with  the  instantaneous  expansion  of  ignited  gunpowder;  and  its  disruptive 
ire  low  in  proportion.  A  pound  of  anthracite  coal  under  combustion  will  develope 
.oner  than  a  pound  of  gunpowder,  but  it  will  not  produce  the  same  disruptive 
effects  :  because  its  combustion  was  more  slow,  and  the  expansive  gases  resulting  from  it 
do  not  therefore  generate  pressure  bo  instantaneously.    The  statements  contained  in  the 

extracts  from  the  paper  of  Professor  Airy  seem  to  confute  the  conclusions.  It  is  stated 
thai  the  disruptive  results  witnessed  in  boiler  ex  plosions  arc  not  due  to  the  initial  pressure 
of  the  -'•■  im,  but  to  the  quantity  of  highly  heated  water  in  a  boiler,  generating  a  great- 
earn,  when  relieved  from  pressure,  such  as  by  a  rupture.  The  quantity  of 
water  converted  into  steam,  when  relieved  of  pressure,  is  given  in  one  case,  and  yet  it  is 
admitted  thai  such  steam  is  of  a  lower  pressure  than  that  which  first  escapes  and  lowers 
the  pressure  in  a  boiler  by  9  rupture.  The  cause  of  a  rupture  in  any  boiler  is  due  to  the 
presenn  iter  than  the  part  that  fails  can  withstand.    Now  supposing  the  pres- 

sure in  a  holier  is  801b.  °n  the  inch,  and  that  it  is  instantly  lowered  to  301b.  or  151b.,  by  a 
large  quantity  of  -teaiii  suddenly  escaping  through  a  rupture,  all  the  steam  which  is 
generated   afterward    from    the    healed    water    in    the    boiler   i     of   the   pressure  under 

which  it    Is   generated.     There   can    be   no  doubt  about  this,    it  therefore  follows 
team  onlj  produced  a  rupture  in  the  boiler,  the  301b.  or  151b. 

am  afterwards  generated  from  the  water,  eannot  produce  a  greater  dis- 
ruptive effect,  for  a  lesser  cannol  produce  a  greater  result.  The  Astronomer  Boyal  appears 

to  have  mistaken  quantity  of  steam  for  intensity  of  pressure.     Mr.  Fletcher,  Engineer  Of 

the  .M.in.hester  Association  for  the  Prevention  of  Bailer  Expl  i  some  time 

.nee  that  ho  Intended  to  undertake  some  experiments  to  test  this  theory  of  explosions. 

We  trust  his  Intentions  will  be  carried  ont,  and  that  William  Fairbalm,  F.B.8.,  maybe 

ited  with  him  In  the  undi  [I   th     till  ••-   of  boiler  explosions  above  set 

u  I-  high  time  the  engineering  fraternity  ceased  to  construol  boilen 

'■■nil  - 1'  the  purpose  ,,r  letting  ..il    i,  ;mi  ami  reducing  il  i  pressure,  because 

the  verj  results  the)  are  intended  to  obi 

...\      i  iii  111. ■    13th  tilt.,  a  boiler  explosion,    aeeompanicd 

I  In  tho  chemical  works  .      i  Charles  Tenneul  and  Co., 

ibllshmcnl  in  which  the  accident  tool,  place 

.  .Illieil  ,in. 

on  of  the  works,  and  tho  engine  whloh 

r  i^  Hiippllcd  with  steam  from  I   within 

.  o  in  number,  havo  been  In  use  aboul 

Ion.    At  the  time  when  the  accident 
ol  He-  bollci  it  I'cloclt 
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charged,  through  the  flue  apertures  at  both  ends.  At  the  north  end,  the  scalding  steam 
was  arrested  in  its  course  by  the  opposite  wall  of  the  fireholej  while  at  the  opposite  ex- 
tremity the  wall  of  the  kiln  above  referred  to  interposed  an  equally  effective  barrier  to 
its  passage. 

Boiler  Explosion  at  Todmorden. — On  the  3rd  ult.  a  boiler  explosion  took  place  at 
one  of  the  three  cotton-mills  of  Messrs.  Ingham  and  Sons,  on  the  side  of  the  canal  at 
Todmorden.  The  mill  is  a  five-story  stone  building,  with  the  engine-house  and  boilers  at 
one  end.  It  had  been  left  standing  idle  for  a  few  days,  but  on  the  morning  of  the  above 
date  steam  was  got  up  for  the  purpose  of  starting,  and  many  of  the  workpeople  were  in- 
side the  mill.  It  is  supposed  that,  through  some  oversight,  the  boiler  was  not  sufficiently 
filled  with  water,  and  some  of  the  plates  bad  got  nearly  red-hot,  when,  the  first  stroke  of 
the  engine  causing  some  cold  water  to  be  injected,  an  explosion  occurred.  One  end  of 
the  boiler  was  blown  out  to  a  distance  of  30  yards,  and  lodged  against  a  wall.  The  mill 
was  at  the  same  time  filled  with  steam,  and  shaken  so  severely  as  to  loosen  the  floors, 
cause  the  roof  to  fall  in,  and  to  become  almost  a  wreck. 

Boh.ee  Explosion  at  Greenwich. — On  the  morning  of  the  18th  ult.,  a  boiler  explosion 
took  place  at  the  creosote  and  alum  works  of  Mr.  John  Bethel],  situate  in  Greenwich 
marshes,  by  which  the  engineer  was  instantly  killed  and  four  other  men  were  severely 
injured.  The  boiler  was  lifted  from  its  position,  and  carried  forward  a  distance  of  some 
20  yards,  and  the  fragments  were  thrown  inall  directions.  The  timbers  of  the  long  line 
of  shed  in  which  the  business  was  carried  on  took  fire,  and,  notwithstanding  the  arrival 
of  the  Deptford  floating  engine  and  that  of  the  parish,  the  building  was  destroyed. 

GAS    SUPPLY. 

Gas  Coals  op  Great  Britain. — The  following  is  an  extract  from  a  table  of  analyses 
of  various  Scotch  Cannels,  made  by  Dr.  Penny,  of  Glasgow,  from  which  may  be  gathered 
some  useful  information  respecting  the  relative  composition  of  these  coals : — 
Volatile    Fixed 
Locality,  or  Specific    matters,  carbon.     Ash.    Sulphur.  Water.    Coke. 

Name  ot  Coal.        gravity.  Per  cent.  Per  ct.     Per  ct.    Per  ct.  Per  ct.    Per  ct. 

Boch  Soles,  1851 P418  ...  537     ...    4'9    ...  38'8     ...  T6     ...  l'O     ...437 

Boghead,  1851*   1-160  ...  7P00  ...     710  ...  2P2    ...  0'24  ...  0'4    ...  28'3 

Boghead,  1851f  T218  ...  627    ...    9'25  ...  26'5     ...  0'35  ...  P2     ...  3575 

TorbaneHill,  1853...     P189  ...  67-11  ...  10'52  ...  2P0    ...  0'32  ...  T05  ...  3P52 

Boghead,  1849 1-155  ...  7P3     ...  11-3     ...  16-8    ...  0'34  ...  0'6     ...  28-10 

Battisville 1-201  ...  64-35  ...  12'6     ...  22'2     ...  0-25  ...  0'6     ...  34'8 

Methill 1-300  ...  49-23  ...  17'57  ...  297     35     ...  47"27 

Capeldrae 1-.360  ...  4573  ...  19'97  ...  3P5     2'8     ...  5P47 

Wemyss 1-183  ...  58'52  ...  25'28  ...  14'25 1'95  ...  39'53 

LesmahagoJ 1-199  ...  56'23  ...  367     ...    4'3     ...  055  ...  2'22  ...  41-00 

Lesmahagoll P228  ...  49'34  ...  40-97  ...    634  ...  P35  ...  2'0    ...  47'31 

Knight's  Wood   1'234  ...  4477  ...  4P13  ...  11-05 3'05  ...  52-18 

Cairnbroe 1'247  ...  4283  ...  42'67  ...    85     6'0    ...  51'17 

Kelvinside    P231  ...  40"17  ...  53'42  ...     1-9     ...  0'21  ...  4"3     ...  55'32 

*  Brown.  t  Black.  J  Auchinheath.  ||  Southfield. 

The  following  are  the  quantities  of  gas  in  cubic  feet  per  ton  obtained  from  the  principal 
British  gas  coals : — 

Cubic  feet  per  ton. 

In  Scotland — Boghead , 15,000 

Lesmahago    13,500 

Capeldrae  14,400 

Arniston 13,600 

Ramsey 10,300 

Wemyss 14,300 

In  England— Pelton 11,000 

Pelton  Cannel  11,500 

Leverson  ditto 11,600 

Washington  ditto    10,500 

Pelaw 11,000 

New  Pelton  10,500 

Dean's  Primrose 10,500 

Ponesfield 10,500 

Gosforth 10,000 

WestHartlev    10,500 

Hasting's  Hartley  10,300 

Petroleum  Gas. — A  writer  in  the  American  Gas  Light  Jottmal  observes  that  the  laws 
governing  the  destructive  distillation  of  petroleum  and  its  distillates  are  the  opposite  to 
those  so  successfully  applied  to  the  manufacture  of  coal  gas.  They  are  as  follows  :—  1st. 
Graduation  in  the  application  of  the  heat,  in  order  to  vapourise  the  oil  only  as  fast  as  the 
means  provided  to  convert  the  vapour  formed  into  gas  can  so  act  upon  it ;  otherwise  there 
must  be  great  waste  of  material. — 2nd.  As,  on  the  one  hand,  to  convert  vapour  into  gas 
requires  its  actual  contact  with  red-hot  iron,  and,  on  the  other,  such  contact,  if  continued, 
again  decomposes  the  gas  (the  cause  of  the  carbonaceous  deposit  so  often  found  in  gas 
retorts,  which  comes  from  the  destruction  of  gas,  not  vapour  or  tar,  as  many  suppose),  the 
apparatus  must  be  so  arranged  as  to  compel  the  vapour  in  its  passage  out  of  the  retort 
to  come  into  contact  with  its  red-hot  surface,  aud  while  in  such  contact  to  travel  so 
rapidly  as  to  leave  little  or  no  time  for  the  decomposition  of  gas.  When  treated  according 
to  these  laws,  petroleum  will  yield  to  the  gallon  125ft.  of  gas,  of  surpassing  richness,  and 
there  will  be  no  clogging  in  the  pipes  or  deposit  in  the  retorts.  But  to  make  the  manu- 
facture profitable  for  gas  companies,  a  third  condition  is  required— to  wit,  dilution  of  the 
gas  to  secure  its  combustion  without  smolce,  and  enable  it  to  be  sold  at  the  prices  charged 
for  coal  gas.  This  condition  is  fulfilled  by  distilling  the  oil  in  connection  with  wood.  The 
hydrogen  thus  obtained,  while  it  dilutes  the  olefiant  gas  from  the  oil,  also  conserves  it 
while  the  two  gases  are  passing  together  over  the  red-hot  surface  of  the  retort.  In  truth, 
this  process  requires  so  little  oil,  most  of  the  gases  being  made  from  the  wood,  that, 
perhaps,  the  proper  classification  of  petroleum  in  the  manufacture  of  gas  is  not  as  the 
basis  of  the  process,  but  merely  as  the  means  of  enriching  hydrogen  gas  obtained  from 
wood.  He  limits  the  material  from  which  the  hydrogen  is  to  be  obtained  to  wood,  because 
the  objections  to  the  use  of  water  for  such  a  purpose  are  fatal,  and  wood  alone  affords  a 
residuum  of  equal  value  with  the  coke  obtained  from  coal,  and  which  hitherto  has  been 
regarded  as  its  great  safe-guard  against  competition.  It  appears  that  from  each  gallon 
of  petroleum,  or  petroleum  tar  (which  when  treated  with  wood  answers  the  same  purpose 
as  the  oil),  and  155ft.  of  hard  wood,  300ft.  of  gas  of  equal  illuminating  power  with  coal 
gas,  and  nearly  two  bushels  of  good  clean  charcoal  (worth  the  cost  of  the  wood)  is  pro- 
duced; the  cost  of  the  gas,  consequently,  being  only  that  of  the  tar  or  oil  used. 

The  Corporation  of  Stockport  have  expressed  their  intention  to  reduce  the  price  of 
their  gas  (24  candles),  manufactured  entirely  from  Wigan  Cannel,  on  the  1st  January 
next,  from  5s.  per  1000ft.  beyond  the  borough  limits,  and  4s.  6d.  per  1000ft.  within  tin. 
borough,  to  one  uniform  rate  of  4s.  per  1000ft.,  with  a  progressive  scale  of  discounts, 
commencing  on  a  quarterly  consumption  of  200,000  cubic  feet.  Their  engineer,  Mr.  Fre- 
derick Leslie,  has  extensively  altered  the  plant  and  mains,  having  laid  a  24-inch  trunk 
main,  and  several  miles  of  mains  of  all  sizes  during  the  past  spring  and  summer  season. 


The  Corporation  propose  next  year  to  spend  between  £15,000  and  £20,000  in  new  works 
and  mains. 

The  Surrey  Consumers'  Gas  Company  have  declared  a  dividend  of  7  per  cent,  for 
the  last  half-year,  or  14  per  cent,  per  annum,  comprising  5  per  cent,  for  the  half-year  and 
2  per  cent,  on  account  of  back  dividends. 

In  Stourbridge,  at  a  public  meeting,  it  was  resolved  to  request  the  local  commis- 
sioners to  erect  new  gas  works  for  the  town.  The  consumers  appear  to  be  willing  to 
compromise  the  matter  with  the  local  gas  company  if  the  latter  will  consent  to  an  uni- 
form maximum  price  of  3s.  9d.  per  1000  cubic  feet  in  the  township,  and  4s.  2d.  out  of  it. 

The  Sheffield  Gas  Company  have  declared  a  dividend  of  10  per  cent,  per  annum  on 
class  A  shares,  and  8  per  cent,  on  class  B. 

The  Rotherham  Gas  Company  have  declared  a  dividend  after  the  rate  of  10  per  cent, 
on  A  stock,  S  per  cent,  on  B  stock  and  on  D  shares  (so  far  as  the  latter  are  paid  up),  for 
the  past  half-year ;  and  that  half  a  year's  arrear  of  dividend,  at  the  rate  of  2  per  cent, 
(unpaid  in  former  years),  on  A  stock  be  also  paid  free  from  income-tax. 

The  Brecon  Gas  Company  have  resolved  to  reduce  the  price  of  their  gas  from  6s.  to 
5s.  per  1000ft. 

Beading  Gas  Works. — The  extensive  alterations  and  additions  that  have  been  going 
on  for  some  time  at  these  works  are  nearly  completed.  About  £10,000  have  been  expended . 
At  King's-road,  the  works  have  been  almost  entirely  remodelled,  and  the  most  modern 
improvements  have  been  introduced.  A  new  retort-house  has  been  erected,  capable  of 
producing  something  like  half  a  million  cubic  feet  of  gas  per  diem.  An  immense  chimney 
has  been  raised,  and  condensers  upon  a  new  principle  have  been  added.  The  retort-house 
is  covered  with  an  iron  roof,  the  work  being  executed  by  Mr.  Williams,  and  the  retorts 
have  been  set  by  Mr.  Lloyd,  of  Wandsworth.  Various  other  improvements  have  been 
effected. 

In  Walsall  a  further  reduction  in  the  previously  low  price  of  gas  has  been  determined 
on  by  the  Local  Gas  Committee,  the  gasworks  in  Walsall  being  the  property  of  the  town, 
and  managed  by  the  Improvement  Commissioners. 

At  Brightlingsea,  gasworks  have  been  opened.  The  expenditure  actually  incurred 
has  been  about  £2000,  for  works  somewhat  larger  than  were  originally  contemplated,  in 
order  to  meet  an  increased  consumption  in  future  years  without  the  heavy  expense  of 
additional  buildings.  The  works  are  situate  at  the  bottom  of  Sydney-street — a  new 
thoroughfare  leading  to  the  Havdway.  The  iron  gas-holder  will  contain  9000  feet.  The 
works  were  designed  by,  and  carried  out  under  the  direction  of,  Mr.  Church,  the  engineer. 
The  contractors  for  the  buildings  were  Messrs.  Gull  and  Lake,  of  Brightlingsea,  and  the 
apparatus,  machinery,  and  mams  were  supplied  by  Mr.  Clift'e,  of  Hudderstield. 

DOCKS,  HARBOURS,  BRIDGES,  &c. 

First  Wire  Suspension  Bridge  in  British  Columbia. — This  suspension  bridge 
crosses  Fraser  River  at  a  point  three  quarters  of  a  mile  below  Chapman's  Bar,  and  is 
admirably  situated  at  a  contraction  of  the  river,  where  the  bed-rock  rises  almost  perpen- 
dicular on  both  sides,  the  towers  springing  up  almost  immediately  over  the  water,  the 
bridge  having  a  clear  span  of  263ft.  At  low  water  the  roadway  of  the  bridge  will  be  90ft. 
above  the  stream.  The  tower  timbers  for  this  work  are  each  20in.  square.  Supporting  the 
cables  are  16  of  these  timbers,  each  26ft.  6in.  long,  four  timbers  being  framed  together  by 
means  of  14  girth  timbers  and  17  llin.  wrought  iron  bolts,  spread  at  the  bottom,  resting  on 
heavy  sills,  and  coming  together  at  the  top,  forming  a  pyramidof  massive  timbers.  On  the 
summit  is  fitted  a  heavy  cast-iron  saddle,  covering  the  whole  of  the  timbers,  and  keeping 
the  cable  which  rests  on  it  in  position.  These  towers,  of  which  there  are  four,  are  enclosed 
in  massive  granite  piers,  the  piers  being  32ft.  long  by  12ft.  wide  on  top.  The  two  cables 
are  tjin.  in  diameter,  528ft.  long,  and  are  composed  of  1264  wires,  laid  up  in  linseed  oil, 
and  protected  externally  by  a  coating  of  tar,  pitch,  and  oil  boiled  together,  and  payed  on 
while  hot ;  each  of  these  cables  weigh  12  tons.  These  cables  are  secured  on  the  west 
side  by  means  of  bolts  3Jin.  in  diameter,  each  set  4ft.  into  the  hard  bed  rock ;  and  on  the 
east  side  by  means  of  granite  masonry,  built  underground  60ft.  in  the  hill  from  the 
roadway.  The  cables  hang  with  a  deflection  of  20ft.  attached  to  each  cable.  Equi-distant 
and  5ft.  apart  are  52  suspension  rods,  lfin.  in  diameter,  of  various  lengths,  shortening 
towards  the  centre  in  such  a  manner  as  to  give  the  roadway  below  a  curve  of  2ft,  rise  in 
the  span.  Attached  to  the  lower  end  of  these  rods  and  sustained  by  two  nuts  are  52 
beams,  each  17ft.  long,  14  by  6in.,  set  up  edge-wise.  On  these  beams  the  platform  is 
built,  with  7  sets  of  stringers,  3  by  10;  firmly  bridged  on  the  top  of  which  is  the  planking, 
4in.  thick.  This  is  all  bolted  together  by  means  of  Jin.  bolts,  no  nails  or  spikes  being- 
used  in  the  platform.  Attached  direct  to  the  cables  and  platform,  and  on  each  side  of  the 
bridge  is  an  arrangement  of  diagonal  bracing,  very  light  in  appearance,  forming  an  effec- 
tive truss,  and  rendering  the  bridge  perfectly  rigid.  From  the  platform  four  wire  guys 
are  fastened  to  the  rock  on  each  bank.  Thus,  by  means  of  the  truss  aud  guys,  all  undu- 
lation or  oscillation  is  prevented.  The  distance  between  the  cables  is  14ft.  The  designer 
and  constructor  of  this  bridge,  Mr.  A.  S.  Hallidie,  of  San  Francisco,  was  on  the  ground 
during  the  entire  period  of  its  construction. 

At  Belfast  a  Floating  and  a  Graving  Dock,  of  extensive  size,  are  about  to  be 
constructed,  the  contractors  for  the  graving  dock  being  Messrs.  Thomas  Monk  &  Co.,  of 
Birkenhead ;  and  for  the  floating  dock,  Messrs.  Smith,  Kent,  and  Browne,  of 
Belfast.  The  plans  and  other  particulars  have  been  prepared  by  Mr.  Win.  H.  Lizars, 
the  resident  engineer  (under  whose  immediate  supervision  the  works  will  be  carried  on), 
and  approved  of  by  Mr.  George  Smith,  C.E.,  and  conservator  of  the  port  and  harbour. 
When  these  improvements  are  completed,  Belfast  will  be  enabled  to  give  accommodation 
to  a  much  larger  class  of  vessels  than  at  present,  a  circumstance  that  will  aid  to  a  great 
extent  the  marine  interests  and  general  commercial  prosperity  of  this  enterprising  port. 

New  Bridge  at  Peebles. — An  iron  suspension-bridge  of  one  arch,  the  length  of 
which  is  about  120ft.,  has  recently  been  erected  near  the  Tweed  at  Crownhead,"stobo. 
The  expense  of  its  erection  is  to  be  borne  partly  by  the  Broughton  and  Peebles  Railway 
Company,  who  are  to  have  a  station  near  it,  and  partly  by  the  landed  proprietors  of  the 
district.'  Formerly  at  this  point  there  was  only  a  ford,  with  a  wooden  bridge  for  foot 
passengers,  the  approach  to  which  floods  often  rendered  impassable  during  winter. 

Proposed  Harbour  in  the  Downs. — A  meeting  of  the  piomoters  of  this  undertaking 
has  been  held  in  the  Guildhall,  Deal.  Mr.  Alfred  Giles,  C.E.,  attended  and  explained  the 
plan  of  the  proposed  works.  A  basin  ot  30  acres  in  extent  has  to  be  constructed  on  the 
waste  ground  near  Sandown  Castle,  to  be  connected  with  Sandwich  by  a  canal  100ft.  wide, 
through  which  the  water  of  the  River  Stour  can  be  diverted  when  necessary  to  flush  out 
the  entrance  to  the  basin.  The  estimated  cost  of  the  works  is  £200,000.  Mr.  Giles  ex- 
plained that  there  will  be  an  outer  harbour,  always  open,  which  will  have  10ft.  of  water 
at  the  lowest  spring  tides,  and  the  entrance  to  which  will  be  protected  with  two  arms  or 
piers  The  works  will  not  interfere  with  the  drainage  of  the  marshes,  and  the  waters  of 
cne  Stos  *  will  be  so  seldom  required  for  flushing  the  basin  that  the  river  above  and  below 
Sandwich  will  not  be  injuriously  affected. 

An  Enormous  Pair  of  Shears. — Messrs.  Tangye,  Brothers,  and  Price,  of  the  Crom- 
well Works,  Parade,  Birmingham,  have  completed,  for  the  Russian  Government,  an  im- 
mense pair  of  shears,  weighing  24  tons,  having  a  power  of  pressure  equal  to  1,000  tons, 
and  able  to  snip  to  pieces  a  cold  bar  of  iron  half  a  foot  square.  The  contrivance  is  tech- 
nically described  as  a  "horizontal  hydraulic  shearing  machine,  with  open  mouth;"  and 
it  is  said  to  be,  if  not  the  largest,  at  least  the  most  powerful  article  of  the  kind  ever  made. 


The  Abttzax,! 
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The  Mersey  Dock  Board. — EtMUHlOH  of  Dock  Accohmodation. — After  a  long 
and  animated  discussion  at  a  recent  meeting,  the  Board  decided  to  adopt  the  recommen- 
dations presented  by  a  special  committee  appointed  to  consider  the  new  plans  for  dock 
works,  and  to  apply  to  Parliament  in  the  next  session  for  power  to  borrow  a  sum  of 
£850,000,  to  be  applied  in  the  making  of  the  purchases,  and  in  the  construction  of  the 
new  dock  works  on  the  Liverpool  side  of  the  river,  included  in  the  plans  agreed  to  by  the 
committee.    It  was  afterwards  resolved  to  increase  the  amouu  i,  in  order  to 

include  the  purchase  of  some  additional  lands. 

Proposed  Tix.vr.i.  rxDr.u  the  Mekset. — A  plan  has  been  suggested  by  Mr.  T.  J. 
is,  Tranmere,  to  make  a  tunnel  under  this  river.     It   would  commence  on  the 
Cheshire  side  in  the  low  land  at  the  corner  of  Camden  and  Con  which  is  only 

about  26ft.  above  the  level  of  the  Old  Dock  sill,  proceeding  thence  to  the  north  of  the 
Wood-idc  Landing-stage  under  the  river,  and  emerging  on  the  Liverpool  side  at  the 
tape!  and  Preston-street.     The  length  of  the  tunnel  would  1 
ling  gradients  from  the  termini  to  the  centre  of  the  tunnel  under  the 
river  of  one  in  forty,     it  is  also  part  of  the  plan   I  a  branch  tunnel  for  con- 

nects -  ■  line  with  the  London  and   KTorth-Western    Railway,  passing   under 

■  at  one  end,  and  a  connection  with  the  Birkenhead  Railways  f.jr  the  goods 
traffic,  and  a  through  passenger  traffic  from  Whitechapcl  to  Chester  at  the  other  end. 
.Mr.  Edwards  estimates  that  the  works  may  be  executed  for  £40", 

MUTES,  METALLURGY,  &c. 

Mineral  Wealth  of  the  Codtttby. — Th  i  "  Mineral  Statistics  of  the  L'nited  Kingdom 
eat  Britain  and  Ireland  for  -     i     pcrof  Mini   . 

has  ju  1  in  a  printed  form  a',  the  Stationery  Office.     From  this  it  appears  that 

.!  results  are  i  382: — 

Metals  produced  from  British  Mineral*  and  Coal.*. 

5,209  oz £20,3!M  value 

Tin 8,476  tons    983,216     „ 

Copper 14,s«   „       1,493,241     „ 

Lead  69  81     .  1,438  345      „ 

696,123  oz 189,041      „ 

2,151  tons      

<H,p;'i    „  9,368,672      „ 

Other  £>v*k)     „ 


Total  value  of  British  metals £14,281,453 

■      i  value. 


11,087 

Eart)  -  lit,  and  the  more  valuable  olays,  are  estimated 

at  £1,760,000,  and  we  find  by  a  return  Mr.  Hunt  in  1858,  that  the  value  of 

building  stones,  slates,  .  76     The  actual  wealth  added  to  the 

national  store,  therefore,  as  obtained  from  oar  native  rocks,  amounts  to  nearly  £45,000,000 
sterling. 
Coal-Cctting  Minii'.i.-Mr.  Delobaye,  of   Konen,   proposes   an   apparatus,   which 

ngth,  with  the  two  ends  capable 

1st  the  top  and  bottom  or 

partition  walls  of  i.    The  frames  form  amides  for 

■h   t  cord  round  it,  such 

uniog,  the  carriage  for  the 

the  insertion  of  a  forked  bar,  or 
I  alongthi  'framing, 

mean  of  the  workman  will 

be  mad  le  travelling  tool,  which  will  work  alter  the  • 
plane  more  trying  operation  of  working  a 

with  a 

APPLIED  CHEMISTRY. 

:    >        1790, 

l.orri   Dondonald,   Mr.    Lo  a,  and   Mr    Double  imposing   common 

making   the    Insoluble  I    lead     into    a    pigment, 

Into  carbonate.    Another 


man    »alt    i  of    iron.     Bnlph 

i 

'that  In  Mi- 
carbonate,  by  burning  witi, 
was  to  lor mi 

lea  down  the  I 


tilde    of 
the  sulphide  into 

dt,  and  sulph 

Walker,  a  small    vi 
Dnn 


and  l> las,  and  J.  and  W.  Losh.    Mr.  Losh,  abo  ruu  from  .i 

.'■  alker,  nod  down,  and  th 

then  crysta 

I  i    that  ull 

i  irliolne 

■  I  i  onvcrl  tic 

alpha!  e 

I  he  pre. 


In  1-11,  Mr.  J 
vert  in 

add.     In    1840,  .Mr.  .1.  V.il 
lie  applied 

I 

founded  on  t! 

un.    Mr.  wo.  H 

and  caustic  soda  v. 

bone,  and  which 

lln 
Banmhaner  oh 


.1  sulphide 


hron 


Rl  34  per  cent,  of  cellulose,  and  that  the  other  substances  were  gum  673,  legumine  3"80, 
albumine  0-42  (that  is  422  of  albuminous  substanccs),-oil  073,  water  937,  and  ash  061 
=  100.  Filings  of  vegetable  ivory  dried  at  110°  to  150°C.  give  1  per  cent,  ot  ash.  Payen 
found  that  these  filings  when  boiled  with  caustic  soda  took  a  yellow  colour,  a  fact 
confirmed  by  Baumhauer,  who  asserts  that  potash  does  not  produce  any  colour.  The 
reaction  of  sulphuric  acid  on  vegetable  ivory  has  enabled  me  more  than  "once  to  distin- 
guish immediately  between  filings  of  this  substance,  and  boneorivory  filings.  It  iaowing 
to  the  well-known  action  of  this  acid  upon  albuminous  substances  in  presence  of  sugar, 
and  which  has  been  utilised  by  Rasoail  in  his  microscopic  researches.  But  whether  the 
sugar  is  formed  by  the  action  of  the  acid  in  the  cellulose,  or  pre-exists  already  formed  in 
the  substance  is  of  little  import.  I  incline,  however,  to  the  first  opinion,  as  the  colour 
takes  a  little  time  to  show  itself  (fire  or  ten  minutes i,  and  as  Mr. Connel  did  not  hud  any 
sugar  ready  formed.  I  have  since  observed  that  the  white  portion  of  the  cocoa-nut 
presents  a  similar  reaction  with  sulphuric  acid;  the  colour  produced  is  first  piuk,  then 
red,  reddish  purple,  and  finally,  in  about  sixteen  hours,  a  fine  violet.  The  colonrs  thus 
produced  with  vegetable  ivory  and  cocoa-nut  disappear  gradually  in  contact  with  water, 
like  the  fine  reddish-brown  colour  produced  with  essence  of  turpentine  and  sulphuric  acid. 

Ox  the  Extraction  ob  Icon-  urn  Steel  from  tiie  Cinoers  of  Puddling  and 
Reheating  FrrBNACBS,  by  A.  L.  Fleurt. — The  thought  to  give  a  more  practical  use 
to  the  many  thousand  tons  of  cinder  that  are  drawn  from  the  puddling  and  reheating 
furnaces,  arid  which  arc  by  most  of  the  rolling  mills  thrown  away  as  useless,  or,  in  the 
best  case,  used  up  as  admixture  to  iron  ores  in  blast  furnaces,  in  order  to  increase  the 
yield  (but  certainly  not  to  improve  the  quality)  of  the  iron,  has  occupied  my  attention 
for  several  years  past.  I  have  made  numerous  experiments  on  a  practical  working  scale, 
and  I  come  now  to  detail  the  same  in  my  present  communication.  Chemical  analysis 
gave  me  the  full  assurance  that  these  cinders  contain  invariably  from  25  to  50  per  cent, 
of  metallic  iron,  combined  and  mixed  with  sulphur,  silica,  lime,  and  alumina,  forming  a 
brittle  compound  of  a  very  peculiar  constitution,  defying  the  most  ingenious  devices  of 

injmasters.  Near  Troy,  New  Y'ork,  for  instance,  near  the  Troy  and  Albany  Iron 
Works,  are  many  thousand  tons  of  these  puddling  cinder  spread  over  the  streets,  every 
hundred  pounds'of  which  contain  from  thirty  to  fifty-five  pounds  of  good  iron.  After 
many  unsuccessful  attempts,  I  have  finally  succaeded  in  extracting  good  easts,  as  well  as 
jht  iron,  and  have  even  been  so  fortunate  as  to  produce  from  this  refuse  material  a 
good  quality  of  cast  steel.  Two  great  difficulties  had  to  be  overcome.  First.  The  oxides 
and  metallic  iron  are  in  these  cinders  combined  with  silica  and  other  substances  in  such 
a  peculiar  way,  that,  by  remelting  the  same  in  the  puddling,  cupola,  or  other  furnace, 
very  little  of  the  metallic  iron  can  be  extracted,  the  combination  withstands  even  to  the 
high  heat  in  a  steel  crucible — no  sufficient  per  centage  of  iron  can  be  extracted  to  make 
it  pay.  Second.  1  have  found  further,  that  by  re-working  the  cinder  with  lime  alone,  or 
with  lime  mixed  with  charcoal  and  clay,  the  product  was  invariably  red-short,  and  many 

red  and  cold-short  (brittle  at  a  bright  red  heat,  as  well  as  when  hammered  cold.) 

ulphur  remained  still  combined  with  the  iron,  equally  so  the  silicon  and  phos- 
phorus— the  three  devils  or  evil  spirits  of  iron;  all  my  attempts  to  extract  good  neutral 
iron  from  the  puddling  cinder  by  dry  admixture  of  lime  were  unsuccessful ;  there  was  no 
other  way  open  but  to  destroy,  or  loosen  the  tenacious  chemical  combination  of  these 
substances  before  they  were  placed  into  the  furnace.  rjnslacked  burnt  lime  has  the 
peculiar  property  to  decompose  silicates  during  the  acl  of  hydration  or  as  it  is 

commonly  called.    This  can  easily  be  demonstrated  by  pouring  water  slowly  into  an  in- 

:.nd  and  fresh  burnt  lime— the  outside  of  the  sand  grains" will  yi, 
the  lime  gelatinous  silica,  and  when  fused  form  with  it  a  strong  chemical  combination, 
silicate  of  lime — the  base  of  a  good  mortar.    Taking  advantage  of  this  chemical  fact,  1 

a  proper  per  centage  of  powdered  burnt  lime  with  the  fine  ground  cinder,  ami 
wetting  the  whole  with  water,  exposed  the  mixture  to  the  drying  influence  of  the  atmos- 
phere.   The  dry  compound  was  then  heated  in  a  common  puddling  furnace,  and  trei 
like  pig-iron.     I  obtained  50  per  cent,  of  wrought  iron,  which,  however,  retained  -.till 

traces  of  sulphur,  leaving  the  iron  somewhat  red-short.  To  extract  these  last  tr 
of  sulphur,  1  dissolved  in  the  water,  which   I   used  lor  Blacking  the  lime,  a  small  per 
centage  of  a  chlorine  Milt,  and  my  expectations  were  thoroughly  realised.     The  process  is 
also  applicable  to  the  working  of  Bilicious  ores,  and  can  be  performed  in  the  puddling, 
cupola,  or  blast  fnrnac  •.  it  can  also  be  worked  to  advanU  .  NyBtrom's, 

Swell's,  and  other  similar  furnaces.     The  preparation  Ol  the  cinder,  COS)  Of  lime,  salt,  .Xc, 
does  not  exceed  two  dollars  per  ton,  and  the   result    is,  if  properly   worked,  invariably  a 
ditty  ol  iron. 

ICTIOJI  or  Si  on:   IM  Cl.YCKHINE. — The  SUSfJ  dried  as  far 

as  possible  in  a  wilier  hath.     The  glycerine   is  dissolved  out  with  chloroform,   in  which 
sugar  is  insoluble.     The  residue,  ft  any.  may  then  l»-  i  In-own  on  a  liller,  washed  once  or 

with  chloroform,  and  then  weighed.  -Solubility  of  Paraffin,— -Aug.  Vogel  has 
determined  the  solubility  of  paraffin  In  benzol,  chloroform,  and  sulphide  of  carbon.    The 

paraffin  experimented  with  melted  al  IS  c,  and  i gealed  at  !"•  .    The  benzol  had  the 

gravity  0'887. 

Tli.  C.  lived  77  parts  paraffin. 
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List  of  New  Patents. 


"The  Aettzak, 
Deo.  1, 1863. 


LIST  OF  APPLICATIONS  FOE  LETTERS 
PATENT. 

We  have  adopted  a  new  arrangement  of 
the  Provisional  protections  applied  for 
eyInvf.ntors  at  the  Gii k at  Seal  Patent, 
Office.  If  any  difficulty  should  arise 
with  reference  to  the  names,  addresses. 
OR  TITLES  given  in  the  list,  the  requi- 
site INFORMATION  WILL  BE  FURNISHED,   FREE 

of  expense,  from  the  office,  by  addressing 
a  letter,  prepaid,  to  thk  editor  of 
"The  Artizan." 

Dated  Octobmi  23rd,  1863. 

2617  J.  Ronald— Spinniug  hemp,  flax,  manilla, 
and  wool. 

2618  V.  J.  Cassaignes— Prisms,  lenses  and  glasses 
of  stereoscopes,  ami  ornamenting  glass. 

2619  F.  Tolhaiuen— Regulating-  the  working  of 
springs, 

2620  J.  Parker — Application  of  steam  combined 
with  ai'-  as  a  motive  power. 

2621  A.  V.  Newton—  Rail^nv  wheels. 
2622A.Wardle   &  J.   Brindley—  Improvements  in 

smoking-  pipes. 

Dated  October  24th,  1863. 

2623  W.    Belts— Metallic  capsules  for    bottles  and 

similar  vessels. 
2621  E  S.  Crease— Drilling-,  boring,  or  excavating 

rock  or  a, her  earthy  substances. 

2625  J.  Davidson — Doubling  yams  or  threads  of 
silk. 

2626  J.  Thomas— Improvements  in  gas  meter  in- 
dicators. 

2627  G-.  Haselt'ne— Attachment  to  coverings  for  the 
head  and  to  other  articles  of  dress  tor  lighting 
matches. 

2628  F.  B.  Baker— Dressing  lace  and  other  textile 
fabrics. 

2629  J.  Brown.  J.  T.  "Way,  &T.M.  Evans— Prepar- 
ing  cements  a»d  varnishes. 

•^SO  W  L»cke,  J.  Warrington.  TV'.  E.  Carrett,  W. 
E.  Marshall,  &  J.  Telford— Working  and  mining 
coal,  minerals,  and  earthy  matters. 

2631  L.  J.  Hnnuart— Fastening  for  gloves  and  other 

2632  A.  Sc  W.  P.  Potter— Improvements  in  railway 
waggons 

■>633  A.  Sellar — Improvediustrumenttor  lubricating 
"  rifles. 

2634  B.  Brown — Sewing- machines. 

2635  A.  Alison  — Atmospheric  railways,  and  car- 
riages  for  the  same. 

Dated  October  26th,  1863. 

2636  R.  Tiittleboy— Improvements  in  the  manufac- 
ture of  nosebags. 

2637  B.  Steiumetz  —  Improvements  in  locks  for 
bags. 

2638  F.  Parker— Carriages. 

2639  T.  Marsh— Projectiles. 

2640  S     J-    Healey— Water  gauges    applicable,    to 
"  steam  boilers  and  other  purpose*. 

2641  M.  Vian  — Composition  tor  preserving  iron 
ships. 

2642  J.  Nicholas  —  Treating  Canadian  petroleum 
and  other  mineral  oils. 

2643  W.  E.  Uedge— Improved  pillow. 

2644  I.  Baggs— Capturing  or  killing  fish,  birds,  and 
other  animals. 

2645  J.  Willcox—  Sewinar  machines- 

2646  A.  Blake— Refrigerator  lor  cooling  worts  for 
brewing. 

2647  E.  Clifton  &  B.  Greenwood— Manufacture  of 
brushes. 

Dated  Octobfr  27th,  1SG3. 

2648  J.  Marshall — Expression  of  oil  from  oil-yield- 
ing substances. 

2649  T.  H.Holderness— Improvements  in  propelling 
navigable  vessels. 

2650  J.  C.  Wilson— Mounting,  firing,  cleaning,  and 
loading-  ordnance. 

2651  T.  Gra=on— Boots,  shoes,  clegs,  and  such  like 
coverings  for  the  feet. 

2652  E.  G.  Athtrley— Obtaining  motive  power  by 
certain  arrangements  of  machinery  and  water. 

2653  W.  Livingstone— Punching,  shearing,  and 
rivetting  metals. 

2654  J.  Hutchinson  &  J.  Hollingworth— Weaving. 
2H55  P.  B.  O'Neill— Salinometer. 

2656  R.  Smith— Doubliug  and  winding  machines. 

2657  E.  R.  Hollands— Punching,  cutting,  and 
pressing  metals  and  oilier  materials. 

2658  M.  W.  Carr— Manufacture  of  wooden  sleepers 
for  railways. 

2659  W,  &"S.  Firth  Sc  J.  Sturgeon— Cutting  and 
boring  coal,  stone,  or  other  minerals. 


Dated  October  28th,  186?. 

2660  W.   Wanklyn  —  Opening    and    conditioning 
cotton. 

2661  J.  Marshall— Applying  ndhesive  substances  to 
spindles. 

2662  A.    S.    Coronel — Preparation    of  tobiicco    for 
fumigating  purposes. 

2663  W.  E.  Gedge— Syiitem  of  permanent  advertise- 
ment. * 

2664  S.    Procter — Instrument  for   extracting    corks 
from  buttles. 

2665  E.    Oldheld— Self-acting-    mules    for  spinning 
and  doubling  cotton. 

2G66  H-  A.    hunnevilte— Clasps  for  portemonnaies, 
pocket  books,  and  bags, 

2667  R.  Needbnm  &  J,  Pbllitt— Equilibrium  calves 
for  steam  engines. 

2668  J.  &  J,  Cavanah— Making  bricks  and  tiles. 

2669  M.  Henry— Military  knapsacks  and  travelling 
bags. 


2670  W.    Hall  —  Ornamenting    glass    and    sheet 
gelatine. 

2671  G.    E.    Donisthorpe— Getting  ccal  and    other 
minerals. 

2672  R.  B.  Jones— Portable  cooking  apparatus. 
2675  J.  Kennedy — Ships   of  war   and  other  vessels, 

aud  masting  and  rigirine:  the  same. 

2674  R     A     Brofman — Taking     astronomical     and 
other  observations. 

2675  R.  A.  Brooman — Clocks,  watches,  an  i  other 
timekeepers. 

Dated  October  29th,  1S63. 

2676  O.  C  Evans — Digging  machinery. 

2*»77  J.   R.   Johuson — Manufacture    of   lubricating 
Compounds. 

2678  J.     Rawlings  —  Attaching    cords    to    window- 
sashes. 

Dated  October  30th,  1S63. 

2679  A.  R.  Le  Mire  Normandy — Pliyiug  cards. 

2680  P,  N,  Gisbome—  Coating  ships  bottoms. 
26b  1  J.  Nash— Mattress. 

2632  J.  Haworth— Conveying  electric  signals. 

2683  H   Cochrane— Surface  condensers. 

2684  W.  M.Neilsou— Taps. 

2685  W.  Gadd— Bonnet  and  cap  fronts. 

2686  K.  Durnnd— Cotton  "ins. 

2687  M    J.  Roberts— Oiling  wool. 

26S8  G.  Rosselet— Sustaining  mid  raising  ships. 
2«89  A.  Turner  ik  VV.  E.  Newton— Looms. 
269(1  B.Russ— Iron  and  other  ships. 

2691  A.  Turner— Looms. 

2692  W.  Verran — Obtaining  motive  power. 

2693  H.  Clow— Ovens. 

2694  G.  F.  Busbridge — Feeding  sheets  of  paper  to  a 
drying  machine. 

2695" J.    Bngham   &    R.    Bickertou— Reaping    and 
mowing* 

2696  J.  H.  Johnson— Soap. 

Datxp  October  31st,  1863. 

2697  H.B.  Barlow— Wool  and  hairfelri 
26yS  A.     Wasserburgen     &    T.     Bessunj_ 

cards  snd  window  tickets. 
2699  S.  H    Parkes — Opera  glasses,  telescopes,  micro- 
scopi  s,  spectacles,  aud  other  optical  instruments. 
2701)  VV    Tnsket—  Making  safety  paper. 
2701  J.  Return'—  Chandeliers  and  lamps. 
.  Law— Furniture. 
Getty  —  Building  ships  and  vi  ssels. 
H.  Brown— Securing  envelopes  tind  other 
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2707  S. 
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Pope — ('rushing  stone. 
Vilson— Thrashing  machines. 
lolinau— Raising  and  forcing  fluids. 
Tones — Hucks,  drain  pipes    tiaps,   sewage 

and  water  closet  pans  and  valves. 

Dated  November  2nd,  1863. 

2709  T.  Adams  Sc  J.  Scott — Transmission  of  patterns 
or  samples  of  merchandise  by  pose. 

2710  F.  J.  Vimdeuviime— Excavating  land. 

2711  W.  K.'Newtou— Clock-work  movements. 

2712  T.  F.  Win  torn— Ventilators  and  fire-guards. 

Dated  November  3rd,  1363. 

2713  T.  W.  Alderton — Sewing  machines 

2714  F.J.  Pastorelli — Surveying  instruments. 
•^715  D.  Davi — Steam  hammers. 

271^  J.  Macintosh — Taps  or  cocks. 

2717  It.  Eaton— UuiinQ  or  marking  leather. 

2715  S.  Bateman — Gem  ing  wool  and  other  fibrous 
substance'*. 

2719  J.  P.  Booth— Beds  anil  holding. 

2720  J.  J    Revy — Explosive  compounds. 

2721  M.  Henry — Zinc  white. 

Dated  November  4th,  1863. 

2722  J.  Livesey  &  J.  Edwiirds— Permanent  way  of 
railways. 

2723  P.  A.  Sautreuil — Lubrication  of  bearings. 

2724  G.  Vil.e — Treatiug  natural  phosphates  of  lime. 

2725  J    Th<un»6 — Preparing1    ores    aud  tarths  con- 
tainiug  copper  lor  smelting. 

2726  E.  Hughes — Fans  for  forcing  and  exhausting 
air  or  other  gases. 

2727  E.  Howe— Sewing  machines. 

2728  J.  Tangye— Portable   hydraulic  si  earing  and 
rivettiug  machin  s. 

2729  R.    Brooks    s:   C.    Inwards— Facility  ting    the 
teaching  and  playing  ot'stnnged  instruments, 

2730  A.  Gillett— Cutting  chaff. 

2731  J.  A.  Barral  it  L.  A.  Co chery— Manure. 

2732  J.H.  Maw — Application    of  preservative  coat- 
ings to  the  bottoms  ot  ships 

2733  W.  Audinwood— Thrashing  machines. 

2734  M.  Luneau—  Hat  or  cap  irames. 

Dated  November  5lh,  1863. 

2735  G.,  W..  &  J.  Craven— Cutting  and  planing 
irou  and  other  metals. 

2736  J  .  jN  orthrop— Fringes. 

2737  E.  K.  Dutton— Covering  the  surfaces  of  rollers 
or  cylinders 

2738  T.    (ana  —  Skirtings    employed     as     wearing 
apparel. 

27:;9  R.  Smith— Colouring  matters. 

2740  B  Blackburn— Coupling  or  buckle. 

2741  YV.  Prober—  Lanterns 

2742  11.  Hancock  fc  \V.  H.  Vickers— Fastenings. 

2743  J.  Whitworth — Treatment   and   application  of 
steel  and  homogeneous  metal. 

2744  H.  Bessemer — Railway  bars. 
v745  S.  Smith— Safety  valves. 
27-*6  H.  Bessemer— Iron  aud  steel. 

2747  R  T.  Tait— Woollen  garments. 

2748  G    Speight— Collars  and  cuffs. 

2749  F.  E.  Sickles— Steering  vessels. 

Dated  November  6th,  13G3. 

27.'0  C.  D.  Abel-Fluid  meters. 

2751  C.  Coaxes — Printing  cotton. 

2752  R.Selbir-  Harrows. 

2753  J.  Muckari— Pieserving  vegetable  substances. 

2754  VV.  Duvies  &  G.  Cate— Cutting  corks. 


2755  C.  H-  Southall  &  R.  Heap— Cutting  and  snap 
ing  the  soles  and  heels  of  hoots  aud  shoes,  and 
screwing  them  on  to  the  uppers. 

2756  R.  Saunders — Fastening  together  the  parts  of 
ships  and  vessels. 

2757  J.  S.  Guirette- Inhaling  apparatus. 

2758  J.  Towmend— Nitrate  of  potash. 

2759  W.  M.  Neiisou— Axle  boxes, 

2760  W.  D.  Allen— Casting  steel. 

2761  C.  M.  Campbell— Drying  earthenwaie. 

2762  W.  H.  Perkin— Colouring  matters. 

2763  R.  Johnson— Testing  the  strength  of  wire. 

2764  W.  E.  Newton— Sewing  machines. 

Dated  November  7th,  1363. 

2765  H    L.  Emery — Ginning  and  cleaning  cotton. 
27<j6  T.  C.  Barraciough — Looms 

2767  R  Butt — Paper-making  machinery. 
*7G8  J.  K.  Hoyt— Revolving  fire-arms. 

2769  J.  Jotnsou — Lubricators. 

2770  J,,  J.,  &t  G.  TV.  Dyson— Forming  metal  plates, 
bars,  and  rods  taper. 

2771  L   Brnham — Spectacles  and  hand  frames. 

2772  W.  Clark— Sewing  machines. 

2773  G.  S.  Mel'nnd— Fire-arms  and  ordnance. 

2774  A.  Prince — Sewing  machines. 

2775  A.  Biircluy  &  A,  Morton— Injecting  aud  eject- 
ing fluids. 

2776  C.  D.  Abel — Raising-  and  lowering  bodies. 

2777  H.  Wickens— Lamps. 

2778  M.  Mellor— Looped  or  knitted  fabrics. 

2779  G.  Haseltine— Bending  metallic  pipes. 

Dated  November  9th,  1863, 

2780  A.  A.  L  P.  Cochrane — Propelling  and  steering 
ships. 

2761  H.  Mege— Snap. 

2782  W.    J.    Cunningham    &    H.    Connop— Sawing 

machine*. 
27i-3  G.  T.  Bous  field—Ships  and  vessels. 
2784  N.  Tbompsou— Stopping  bottles. 
27S5  G.     Ryder    &    AI.     Gutten dge— Hay    making 

machines. 

2786  R.  H.  Philipson  &  J.  Dees— Cutting  coal. 

Datkd  Novkmbrr  10th,  1863. 

2787  T.  "Weston — Printing  presses., 

2788  J.  C.  Habicht— Keyless  watctes. 
^78-  G.  Yates— Heel  and  toe  tips. 

2790  J.  Ramsbottoin — Measuring  and  registering 
fluids,  and  obtaining  motive  power  from  the  same. 

2791  S.J.  Bartiett— Taps 

2792  H.  A.  Bonneville— Chimney  pot. 

2793  F.  Cnstelnau— Two-wheeled  vehicles. 

2794  J.  Mash— Safety  valves. 

2795  S.  Faulkner,  J.  Berry,  &  G.  Harrison— Grind- 
ing cards, 

279b'  S.  Faulkner — Carding  engines. 

2797  J.  Cutler— Fountains. 

Dated  November  11th,  1863. 

2798  F.  Testuz— Rwilway  breiiks. 

2799  J    Smith— Finishing  woven  fabrics. 
2*00  W.R.  Bow.iitch— Gas-lighting. 

2801  T.  M.  Reade  &  J.  Hewitt— Regulating  the 
supply  of  water  to  water-closets. 

2802  J.  Fottrell— Deodorising  petroleum. 

2803  D.  Dawson— Colours  for  dyeing. 

2804  Anne  Catherine,  widow  Durst  Wild— Hats  and 
h  on  nets. 

2805  H.  Melton— Shakos,  military  and  other  hats 
aud  caps. 

28u6  W.  D.  Richards— Engines. 

2807  M.  Staiuion  &  D.  Law  son— Steering  ships. 

2S08  W.    Clissold— Opening,  cleaning-,    preparing, 

aud  carding  wool. 
2809  G.  Haseitine— Endless  chain  horse  powers. 

Dated  Novembrr  12th,  1363. 
lSIO  B.  A.  Murray— Doubling,  hoisting,  and  wind- 
ing silk 
2S11  H.  J.  Simlick— Fusees. 
2H12  A.  Craig— Distilling  hydro-carbons. 

2813  B.  Peuke — Neckties,  cravats,  aud  waistbands. 

2814  J.,  J  ,  *<  J.  Baoth— Cranes. 

2815  A.  Illingwiirth — Twisting  cotton  and  wool. 

2816  H.  Holden— Shinties  for  weaving. 

2817  G.  Davies— S mi ngs  tor  railroad  cars. 

2818  K.  Ruwiaud— Weighing  solid  bodies. 

2819  W.  E.  Gedge— Amalgamating  precious  metals. 
i8M  D    Ford— Propelling  boats  uiid  barges. 

2821  G.H.  ISroukuank — Pianofortes. 

2822  L.  E.  C.  M>u  tin— Generating  steam. 

2823  W   E.  Newton— Gas  burners. 

282-v  P.  Settle— Pins, brooches,  and  buckles. 
2825  D.  M.  Fyfe— Carriages. 

Dated  Novembrr  13th,  1863. 
232G  C.  W.  Siemens— Submerging  telegraph  cables. 
2;«7  B.  Marriott  &  C.  Rad cliff—  Watches. 

2828  W.  Robertson— Spinning  ami  doubling, 

2829  W.  Chambers—  rimehing  cloth. 

2820  G.  Remiugton— Railways  and  engines. 
2S31   H.F.  Houson— Cigars. 

2832  W.    F.  Dearlove— Separation   of  animal    and 

vegetable  substauces. 
2S33  E   Spencer  &.  J.  Dodd— Mules. 
-;S34  J.W.  Drum mond— Looms 
2835  G.  K.  Geyeiin— Water  closels. 
2^6  G.  T.  Bousfield— Apparatus  used  when  rolling 

blinds. 

2837  T.  Harrison— Excavating  coal. 

Dated  November  14ih,  1863. 

2838  M.  A.  Muir  &  J.  M'llwbam— Looms. 

2839  J.  Med  way  Sc  S  Joyce — Colouring  matter. 

2840  H.  Gladstone— Skin  cartridges. 

2841  DeB.  Hughes— Producing  dramatic  effects. 

2842  J.  P.  Biuns — Sewing-  machines. 

2843  J.  Ellison— Silk  reels. 

2844  J.  C   Wilson— Cotton  gins. 

2845  E.  T.  Hughes— Sewing  machines. 

£846  E,  Hargraves — Preventing  the  escape  of  heat 
from  steam  boilers. 

2847  A.  Elhsseu— Preventing  the  fouling  of  ships, 

2848  T.  S.  Prideaux— Armour. 
^849  G.  Barker— Syphons. 

2850  W.  A,  Lyttle— Covers  for  umbrellas. 
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2851  G.H.  Comtney— Tills. 

2852  W.  E.  Newton— Iron  and  steel. 
2S53  G.  Lindemanu—  Singles-  fabrics. 
2354  J.  Lewis— Rudders. 

2855  L.  Mackirdy— Cleansing  charcoal. 

2856  R.  A.  Brooman— Criming. 

2S57  J.  Harrison — Cleaning  cotton  seed. 

2858  R   A.  Brooman — Engines  und  boilers. 

2859  J.  Southgate— Portmanteaus. 

2860  T.  Williams  &.  I    Naylor— Paper  spools. 

2861  J.  Walmslev— Cleaning  the  soil. 

2862  J.  Hulse&  J.Lawrence — Attaching  door  knobs. 

Dated  November  16th,  1863. 
.  8c  F.  A.  Leigh— Driving  cotton  gins. 
Peugilly— Pulverizing  ores. 
Cameron  and  W.  Johnstou — Taps. 
,    Thonger — Preventing   accidents    arising 
the  sale  of  poisons. 

W.  Elmslie— Cottages. 

Griffiths — Propelling  ships. 

P.  Henry  and  It.  T    Power— Affixing  labels. 

T.  Bousfield— Cartridges. 
Pomes — Hydraulic  motor. 
J.  Maurer — Towing  boats. 
L.  Sovereign — Cultivating  lan.l. 
W.  Harrison— Filters. 
.  A.  Brooimu — Salt. 

Dated  November  17th,  1863. 

2876  P.  M.  Parsons — Ordnance. 

2877  F.  \V.  Button— Music  stools. 
2873  W.  Cowan— Gas  meters. 
2879  V    Baker— Ordnance. 

28S0  J.  Betteley — Sheathing  ships. 

Dated  November  18th,  1363. 

2581  W.  Pratchitt,  J.  Blaylock,  and  J.  Pratchitt— 
Movnble  platforms. 

2582  T.  C,  Kimptuu — Time,   fare,  aud  distance  ap- 
paratus. 

2883  R.  Mayer— Fire-arms. 

2884  J.  H.  Johnson— Rotatory  engines. 

2885  R.  W   Siever — Jnequard  machines. 

2886  W  M  Williams— instillation  ot  coal  and  neat 
2S87  J  R  Cooper— Barrels  for  fii*>-arms 

S8S8  W  Wigtall  and  G  Jollv— Explosive  compound 

2889  J  Elder—Docks 

2890  J  Stewart— Steam  boilers 

2891  J  Mackew— Looped  fabrics 

2S92  E  C  Nicholson — Colouring  matters 
2«93  J  G  Jennings  and  M  LJ  Lavater — India-rubber 
tubes,  rings,  and  cords 

2894  H  Hir/el— Col..uriug  matters 

2895  P  Saint  G  Greeme — Vesse.s  of  war 

Dated  November  19th,  1863. 

2896  W   B  Adams— Wheels,  tires,  axles,  and  axle 
boxes 

2897  J  Esrl  in— Drifts 

2898  J  Elder-Seam  engines 

V899  A  G  Soutbby — Distillation  of  petroleum 

2900  A  Baluv — Stopping  horses  instantly 

2901  I  Francis— Cleaniug  coal  and  coke 

2902  WH  Grav— Blast  cylinders 

2903  J  Kirkham— Treatment  of  ores 

2904  E  Walker— Windlasses 

2905  J  Collyer— Closing  orifices  in  casks 

2906  R  and  J  S  Walker    and  B  Brown— Prep ari no- 
cotton  to  be  spun 

2907  E  Christmas— Carriages 

290S  W  Svmous— Working  of  railways 

2909  RGooch— Sheeting  piles 

2910  J   Colling  and    D    G  Pmkney—  Reefing  and 
furling  ships'  square  sails 

2911  W  B  Hodson— Cans  for  holding  oils 

Dated  November  20th,  ises.1] 

2P12  G  Rait  and  J  Winsborrotv — Gas  meters 

2913  J    Seward    and    H    Smith — 1'reventiug  incrus- 
tation in  steam  boilers 

2914  E  Mnrwood — Covering  rollers  used  in  spinning 
aud  preparing  cotton 

2915  B  Dobson,  E  Barlow,  and  P  Knowles — Ginning 
cotton 

2916  E  Pezold— Pipe  stick 

2917  C  Stevens — Hoisting  aud  lowering  apparatus    j 

2918  A  H  Ferry — Pianoforte  hammers 

2919  J  J  Hays— Hot-air  stoves 

2920  G  S  Kirkman — Connecting  railway  carriages 

2921  T  Brinsmead—  Thrashing  wheat 

-9*2  A  M'Liime — Gun  boats,  gun  vessels,  and  r;ims 

2923  G    Fawcus — Connecting   scaling,    tiring,  aud 
other  like  ladoers 

2924  W  E  Newton— Fan  blowers 

2925  W  E  Newton— Attaching-  labels  to  hales 

2926  H  A  Bonneville — Preserving  grain  and  tlour 

2927  J  H  Johnson — Steam  engines 

2928  C  E    Wright— Binding  together    letters    and 
music 

Dated  November  21st,  1S63. 

2929  T  Turner— Fire-p; oof  floor  or  roof  for  build- 
ings, bridges,  aud  oth  r  structures 

2930  H    Ayckbourn— Cultivation    of   oyster    spawn 
and  brood 

£931  K  Feuton— Treatment  of  vegetable  fibres 

2932  W  Williams— Bricks 

2933  D   Cope— Metallic   drums,    kegs,    casks,    and 
cylindrical  packages 

2934  L  D  Estienne  de  Saint  Jean— Shutting  gates 

2935  E  Finch— Floors  ot  bridges  and  houses 

2936  F  Walking — Bolts,  nuts  spikes,  and  rivets 

2937  A  Sirconeton — Linen  cloth 

2938  T  Humphreys — Strings  for  tving  up  fire  wood 

2939  D  W  Hamper— Mashing  mnit 

2940  M  B  Westbead— Tapes  and  threads 

2941  J  Steart— Extracting  fibre  from  zoatera  marina 

Dated  Novembrr  23rd,  18C3. 

2942  W  Bestwick— Braiding  machines 

2943  C  Howard— Watch  case  pendant 

2944  P  Bnwden—  Bricks 

2y45  J  Smith— Covering  the  bottoms  of  ships 

2946  E  B  Wilson  and  J  Imraj — Presses 

2947  TCarr — Intermixing  dry,  semi-fluid,  or  aqueous 
materials 

2948  J  Piatt— Cultivating  land 
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